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Fig. 1 Weight increase processes of a Gd123 bulk at 550°C
from the equilibrium state under Po> = 1 kPa to 100 kPa.
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Fig.1 Magnetic field dependence of critical current density
of two samples.
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Fig. 2 Temperature dependence of apparent pinning potential
energy of two samples.
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Fig. 1 Temperature dependence of normalized relaxation

rate, S in commercial REBCO tapes at (a) 0.1 T, (b) 2 T.
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Fig.2. Cross—section of fabricated multifilamentary conductor
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Table 1 Specification of the standard MgB2 wire of Sam Dong

Parameters Specifications
Number of filaments 18 MgB2 + ‘1’ Cu
Length ~ 1 km

Diameter 0.83 ~ 1.4 mmo

External sheath Monel (Cu + Ni)
Inner sheath Cu
Barrier Nb
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Fig. 1 Experimental setup of specimens.
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Fig. 1. Equivalent distributed constant circuit.
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Fig. 2. Observed current-voltage characteristics.
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Short circuit current experiment of the stacked conductor cable for aviation application
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Fig. 1 Power Supply of short circuit experiment.
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Fig. 2 Waveform of short circuit current and its capacitor
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Fig. 3 Critical current measurements before and after short

circuit current test.
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Development of coated conductor for Stacked Conductor of Aircraft
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Table 1 Each high temperature superconductor tape
of withstand voltage test.

SuNAM + | SuNAM + | Bi-2223 +
polyimide bonded polyimide
film material film
Room 4.96 kV 618 V 5 kV
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nitrogen 4.89 kV 696 V 5 kV
temperature
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Fig.1 Critical current measurement [-V curve at 77 K of
a 30 cm coated conductor with and without bonded material.
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Fig.1 Schematic illustration of experimental set up.
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Fig. 2 Levitation of plastic ball.
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Fig.1 Photographs of the separated black glass particles by
Halbach array magnet (1.3 T).
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and hematite as a function of pH.
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Fig.1 Schematic diagram of the oil-seawater separator.

ARBFFECIX, BMREEERE D=16mm, THRIE W=27mm O
MR EIE S 2o Bigs (#1)&, D = 27mm, W =
l6mm DOWIERIRES D3R @2) D 2 FFAERL:. 2
DO 5y BEZRIT I AR TR (x) F O BHKES L B
200mm CTHD. TR O I FHEED 24mm LABEO X 7,
WA 2 T DI ERR T . R T O
SERERBE 7Y 310A/M2 LA I0CEKICIREETTo
7. BEEE x WA IEOHNAMEL, sy BEZe R .ol
(R OB DE ST, F72, R A N TOF
WUFEKFE v 28 0.1m/s L7250 BRI AT DK
EAHEELTZ.

BANTHEKTZ T 20 BEas 2L, O A, B 22D8EHEh
DUFIKE Oa, OB L ENEHAILT-. BEH S DMK DIRY
ZiEt Rw = O/(Qa+Q8) ZHWTEHMMLTZ. Fig.2 IZ Rw
DBESGARTEM AR T, 2 DO EERR &G FUIIREGES O 1 KTt
L Rw I ZEARANCIBAD 5. F72, #1 OSBEERRD T A2 DY
DO XVHIINBESZX T 2RO DB EBRENZ LD 550
5. EILEEIL 2 FEOS LB RIC THLI-0, FHINR
LEIC ChiuX Bz 228 KI/ERT5 FL bl
CLied. W NKER BR8N BEZERI 0 T y J5H)
DIENZENRKELIRD. 2D Rw DRESARTEEN#1 D4y
BESR DO ST MR EL o T2EE 26N,

-
055 |

& 050

0.45 - u=01m/s

/ =31x10° A/m?

0A0 L
-10 -5 0 5 10

1 H(T)
Fig.2 poH dependence of Rw.

WAZ, 45 BEREE R AU ST OV DR (R4 2.5mm)
ZIRE ALY, SEEEREZITo7-. HO A, B 22bHEHEN
2B Z I Na, Ns ELCEHIIT 2281280, 458k
HEZE § % S =Ns/(Na+Ns) ORXEHWTEHMELZ. 2 D%y
BERR ICXT 9D S OREGIRIFIES Fig3 (2”77, 1T £TOH]
IS RL S 1, #1,#2 HIFIEERATIEINT5. 7272
L, #2 OF P OEEROHEIMEBIGIIRENZENGND. Fiz,
#1 T 3T (I T S DIKIE 96% % &%, — 75, #2 TiX, 7T
THI 98% Dyl RLTWD. ZHUE W BRI oBEgso
F BRI OB B FEEE N W EICRERL Thh e
EZ TNV,

PLEDFERD G, W O/NSTR53BERR O 703 oy BRI S
BRBZEHERSND. SHITHIADRIEIRDOEIIZIE, #2
X0 W OIS SEERSE WD MERNHLHEE 2 DS,

10—
° s ®
‘ o o
° ° ° ]
o #1
%)
@ u=01m/s
b i =31%10* A/m’
0.5!.~ ——
0 5 10

wH D
Fig.3 poH dependence of S.

H99M]  20204F A TR T4 - EHEES R



1B-p05

Wi (3)

BEFEMEFREDHIEEDHA
~BRPKNE MOV TSUMRBRICE T HRBEER

Attempt of social implementation of magnetic activated sludge process—issues

and countermeasures in food wastewater treatment pilot plant
SRR, B, NMEWET, REBZE, WAt (FREXR); ¥ et I~ FvIR)
SAKAI Yasuzo, NAOI Yuya, KOSASA Toshiaki, OSHIMA Emi, NIKATA Toshiyuki (Utsunomiya Univ.); SAHA Mihir Lal (Univ. Dhaka)
E-mail: sakaiy@cc.utsunomiya—u.ac.jp

1. [ZC&HIZ

WEAGIEE TG PR E(MASTENE A TG IR O K& I8, HEFF
BEELOM ALK BEC IV SRR D8 -7 Ak
WFRYECH D, BITE, B LHPKAIR T T hoF Ak
TONRATY NI TIPSR SV, FERERBR O A2 AR
REICH D, FEFERBRIC Y20 T IV A — LR Sy B L oD
PEREFEARC EREBR S TR N EFEAE L0 T2,

Ry Bl CIEPEIG IR 2 E 5§ DMASTE L, B R
IR AVERVE TR A AN AR R S TR W E R 4y Bl 7 L A
FHAE ST, MR EHEOMLEREB L, £, &
FIGIRB P2 F AL L Cf el iz (5IRILEL D AN
B C& 2R 82655,

TEPEVGIEE IS TR CH B PRI Z FAS LTV D,
TFAIETEEB IR ENEE AL THY ENTZIFTT7000 Hm®/d
DRSS TG, EIROBELE 2 5L HIEIGIRIE
WRER S B AN - C X AU SR A O R &S o B
BRI TE D, HUE, MASIEIZAZ I T H HAL TS
ARy NTZUNRBROM, FEREELFHRENTRY, fha
FHNZT v L VT DHERE LS T0D, AN, B T
TONA Ty T Z U hOAEfFIR L TR, EREFTH I M) T
WU BELE 1 OPERERHT O MRS 72 & A 75,

2. EBRAE

i TISHE A VB i 5% D A M E% B LIZMASHE D
NRAay T T NeRig. IR, BEYYIE R OFh HHI R A
TN S T AR BR A B A 35 T E Th D, BEEUE
IZAME2 m, JE3 m, AVAERERIS mTho, B i
Gy B 2 R LT, B Bl R R I VW DY
DEZDFERE LT, TIHEINABEK 0 BERE ) I3 B0 5
T NDRBE K EIZI I THIGTED, RV LA ERT
LTI E & LAME O A AR S 5 5 Dk A A A
DEREE2 B EZEINHAGDETLOTHD, AT
ILEAR16.5 cm, RX1.5 m, R OBREEIL0.5 TTHD,
XAy T T RO FTEANLIET T DO FE AR (100
m’/d) LRICHA . 2.4 m*/dTHY, BRIy B EORE D
1/100FRE L TREINDT-0 | KLBLEBRFIZIARDORZ LD
E Qi e SN

3. fERLER

i) TR — VBRSO FRRE

B DK L5 IE% V- MASTED N F 24— )L F 8
I, Ay NRBRO M BB L U C1LARLL B | iz, &
DT, FEHE~OMASIEOFEMIZEEL T, BLF DO X572, i
AN A2 T, 1) BHOPkOZFHES 2L, Bk
B Jiti g% & [R A U7 AL B K O R E N & DT ENRE T,
TEL CHEAREELL F OKE ZHERF T D720 121%. T
DIFE MR ER L IEZR X O H7e = RAHEZ BN 5L
MEFELWI LIRS, 2) fE TR THIMEL TEH
SN AN RPEKFICE TN TR, J5IRTPICKER LT
NI=ULEL TG LR EERT 52 b ot 15IRE T
ZHD WG R OT NAI=T MO EE 2 DV N B
%o 3) BIEAMB RN JGIROHEFE L FEWA IV EH AR

T § A MAS aeration tank (10m?)

Fig. 1 Photographs of the MAS pilot-plant process (left
side) and the full-scale magnetic MAS separator
(right side).

FIVHVER | PR EAREO PR I A DI 30 g/LLL EDSk
HCh D, ZOWRETILBER S HECH B o BES HL &
DRSSz, 1%/ dDORFNGIES I EIZLD, 20 gLERETO
A CIER CE DI EN Do T, T A ANDMFE
SIER N ARRB RO A AL O T/ 2 BT O M
B ALl U CEMMEZREAN L2 T IUE 6700,
RFNGIEE | P X ARk T2 i Ay kG O i sl A LIE S
VeVE~OFT= e TRPMIFES 4L, TGIROIRE ., FIia kL
L BILEERE O REMEE BRI T,

ZHIHDERED )R IMASED R TH L1 T,
NR—RA LIS TOBIE MG IRIEDE B2 E THLHY | i
KO BERTE A LTS O E O ML O Bl 1X . MASTE
DIEMETB VR ¢ BB E ST B X LR DT et
NHD,

i) RSy HERE E O M REREAT

RAay T TN LD KNFRER % KT MBRIC
BAT T DENC, B BEE E OB A FhE 3 5, 151R
DRGSR BEEEIXZ LA EFIN 2L, T5IRDOEE % ZatRITiG
UTHREZ T3 52 LN EE R Z e T AL DBEL 2> T
Do RRAmy b T T NI ERH O K BEEE AR E L T
WhTZD XA ay 7T RN OMASZE FAW T4y Bl
REZREA ATRE Tdh D, BTG IR ICHLER 2 2 TMASIZ
FRELL . B, B K TR 25 TR A VT
HEEBRAE B 257-0 ETTUMIEA LTS A OB
BiEERE 2 X0 IEMEIC S ML L7234/ 28 AT REIS 72V | 4y BEPEBE
TR D LFRRA RN+ ThAIRN LA TED, 47
BEMERE IR E R S A NS B 52 LT L9 5720 itk
B DB A A0y T T R TYIal—a TED,

4. FLo

MASIED S Aay v 7 Z 0 M, BUE, SZERBHAE D1 F%
ThD, W<OPOHETIHARVGEREL X2 TODA, i
TGRSR Y Bl CE DR AT LT iR 2 B L7200,
FHERGEI MDD BN TRY, MASTEO RS FEHEZ L
HexD | SDGsICBIRTEE CEBRL7ZWVEE 2 TS,

H99M]  20204F A TR T4 - EHEES R



I1B-p06 B OTHE 9)
MAEMIBIEH RIS XS R EFIEFIRE DR

Investigation of high rate magnetic activated sludge process

&

by microbial growth control operation

B Wk, W R, W5 ez, bk $63E (FAVE K s SAHA Mihir Lal (Dhaka K)
NAOI Yuya, SAKAI Yasuzo, NIKATA Toshiyuki, KOBAYASHI Takumi (Utsunomiya Univ.); SAHA Mihir Lal (Dhaka Univ.)
E-mail: sakaiy@cc.utsunomiya—u.ac.jp

1. [ZC&IZ

WALTE VG TR IE LB T 28K O A ff IS U TR D
TR EE AR ED, ARHFFE TR R OIEMEBIRIE LV E A
Tl CIEHR C X DMALTEMEIG R IEE BB T2 L2 HRYEL,
FICAR L PR IRIR N T ADHIRS AR LT, £
DOFER 10%DFIe%E 1 B 10 70N E T 528 TR 2 E
BTGV EE MK T Uiz, AU KOREA Sy e sais nl REZR R
RAMmNGEBSNDESE 2N,

AL TE MG VR IR I IE VS VR ISRy 2 W 25 S B 7= b
EMETG IR AR U7 A K ALBE TH D, BRI L~
THLER KNS A BEL 72 15 TR A M XA I s 42 28 C L LR
OYBENEELO BB OB R AR T AL TED, HlfubE
72 8 OO FRIE R FEMIIRE R BES VIR K L e I
T BRI CE R L2 W=D R FIVE IR 2 5| & A a V&
HEDN A RE T D, BRI L > T B SN BB D45
FENTBIRIZR BT m AR S SEATE IR B EH5, L
MU, HEYERE 2D MR T HEN L 72D | IRR
W ORMEEZE A T AR BEKITRIG T DK ABL O E L
I ARG IR EZ T DM ERDH D, AMFFETIRIEIRO
— BBV 5T LTS E, IR L TI5 IR AR
ELUCTH UM A2 & CRUIEMETG TRIE D R L 2 R
77

2. EBAE

5L DREALTEMETHIRIE N F A — L EBREE E & AV,
TBRERGZ T BET DA N T AL EAL 10 em, BE 10 cm, K
%% 0.08 T ThHD, COD, Afif 1200 mg/(L-d), itk 5 L/d
THERELT-, (GIROIMBVLERIL, —EEIE DIERE G &
T 10 Sy RN 7=, FEBRBAGAERIZ 1 H 10%0D75 Je% InEAL
FRU7Z, 53 H HLARRIZ 1 B 30%DV51RZ MBVLER L7,

3. WER-ER

Table 1 \ZV5IREMEVILERL 755 R4 73, 10%/ H ohn
BAEROEA . MLVSS (355 18000 mg/L TZ2E L., INEAILEE
EATOIRNG A L U O G TR B3 2 Els LT,
— I, ARSI BAEMIC LD K BRI
F{bEL, F50ix CO, ICmEbInbEVbis, Bz,
INEE B LT 1B IR DA L CTES RSO E T DE,
INEVLERL 775 IR D H451E CO, ICRENAHE TR TE S,
ZDE ZITFESN T RREINDIE IR A O Jb ZI3H
2.4 EITHD, FEAERIZFRMEID/ NSO R o7,

Table 1 Equilibrium MLVSS and effluent COD¢, by
various conditions of thermal treatment

Thermal treatment [% /d] 0 10 30
MLVSS[mg/L] 22000 18000 17000
Total COD, [mg/L] 35 120 400
Dissolved COD, [mg/L] 24 80 330

250
I
v !
2 200 o e A
S e * wtn®
T150 Teen o et
o0 ° 1
3100 b O :
E T !
= 50 ;
1
0 L L ! L L
0 20 40 60 80 100

time[d]
Fig.1 Change of SVI

FITEPEVGIRALER K D4 COD, 1349 120 mg/L Tho7z, —
AP AR FEME T 72 L7228, MBVLE 21T b e & D4
COD¢, 35mg/L. O RIEIZEALL Tz, 10%/ B OINELER |2 &
LEMOANIEL 1440 mg/(L-d) IZF Y 35720, fifie bk
KPNEENLAEMEEET 2640 mg/(L-d)DAMEA
%o RIEZ2 AR OHEMMNGEH COD., DHEMD R E/e 74
B2 HID, i COD., W OVRFR /Y G E K 7y D LI
MBGLEE O JETIEEAEBA LU o7, T Lb iRk
HREMDDSEIRETR L TOZRWZE RN o7,

30%/ H OMBMLELCIL, {FYEHREE 3K 17000 mg/L 1272
ofc, TIRINAEMIEIERRE 9100 mg/L LWhveh R&EL,
INBMLELRA B O PG TR IR B A IR SN DI3E T A
DIRWZ LIRS, IEVEHIRLBEK D CODg, 1354 400
mg/L £720, —HEPEK AL UER KIEICABIE L 7=, 30%/ H DN
ALER T 4320 mg/ (L ) DHBEM AT O¥ENNIF Y T 5720,
WEMPIRAELRD | BB N EALL 7223 2 DT,

Fig.1 12 SVI OFREE vA 771, 10%/ H OMELIRTlX
30 A BH7=005 SVI A EH- U723, Z ORI NI %
WRE N DIz, ERRIEO T EEM D E NN 722 & THRRE A
HEREL R WERAEIC R o T2 B 2 T, F72. 30%/ H B
BECIE SVIAEEI L7, BSAE N OI5 JR & BB 22 LT
SORIREIT RN o7, L, Atk O /K DR
TREEBIREAT TG B, ME N L BN, ZRHDZED
5 30%DINEGLIE | ITE IR D 7 0y 7 RIS B A AT L,
BEEMED IR B IRIGERS 3 AN HN % 2 7,

4. FEH

B SAE N OETRE10%/ H THIEVLEL . K3 22T, F
BRI EE SFI2ENR D L, SO0 EE b DA AE T,
LU, INBVLER 2R %30%/ HIZHECL Th ., Zh R/, T
LA, VK OEEAGIZ DR N D EDRENTZ, E5HI210%/ B
PLF O INBVLER S5 C L BAALIEPEVG IR 1A D @ b o Al fE
PEAERRFLTZ0,

H99M]  20204F A TR T4 - EHEES R



1B-p07

&

EHE (3)

SREEBMERNDHEI[DHMERAWN -T2/ —ILEE(IZXS
KAMIBER D BEAR—RIE

Space saving of water treatment plant by ethanol fermentation using magnetic separation

into high—concentration food waste liquid

PPk MRS, VESHE DR, T Rk (FEERE RS
NOMURA Yuki, SAKAI Yasuzo, NIKATA Toshiyuki (Utsunomiya Univ.)
E-mail: sakaiy@cc.utsunomiya—u.ac.jp

1. [ZC®HIZ

FERI B I~ 7 R EA N W B S TR BET 2 =% ) — v
FEWETE O i i A S PR AL PR~ DT F A a LTz, F28kK
ERHOEARF R — VERED JEEB TR T AL
30 m® 5 3 m® LU T D RSHEICE A— 2L TE | IRREN
BRI oT2, FI T L/d O Z ) — )L REITEDHZEND
ot

T )= VRBREIL —RICHEK LB Wb Z e i3
2, L, =F ) — VBB I AER R L A L |
FHAREPAAAL  TEPEVGIRIED 100 LA ETom AR
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BIALEE 352 & C T KIES AFEUER FERR T D EVRIBRS L
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High concentration

wastewater Activated sludge

- ﬁ Process
BOD 200,000 mg/! 30 m3

SS 21,000 mg/L

0.1 m¥d SN 100m¥d
— " Sewage discharge g
Other BOD 500 mg/L < 600 mg-BOD/L
waste water SS 579 mg/L <600 mg-SS/L
100 m¥/d

. . Ethanol fermentation
High concentration  of magnetic separation
wastewater 0.3m?®

[~ ﬁ- Ethanol
BOD 200,000 mg/
SS 21,000 mg/L
0.1 m¥/d 100 m¥/d
el

Sewage discharge

Other = BOD500mg/L <600 mg-BOD/L
waste water SS 579 mg/L < 600 mg-SS/L
100 m¥/d

Fig. 1 Process wastewater of a food factory

2. RERAE

EEROA S T HEEHES 200,000 mg-BOD/L D
RIEET oY ABRIRICEEREE RO~ X P AN A, =
TG 20°C) TS BB ) — WA B L, RIS . INEL- 2%
WEREL, BREIXTHRF A4 —X N W, KRk,
WSS L > TR L, 10[EiK CHei EEA ST B8R
B, BEIRICHERMUZ, =4 ) — VB L CODe. TOC,
BEEESHC Lo THIE LT,

3 fERLEER
EBRAE S E Table. 1 IR, BEREET 2 g/L C 120 WEMEIZE
BEXE7- L% 159,000 mg-COD,/L =& ) — LU THRET

X EERETH 10 g/L DX 48 BET 139,000 mg-COD¢,/L A3
BrE T, BOUSHE X IR RHR I ABLS L Cnb T e
MDHEEL ST,

R TBEIZ I, B AR IR LR LS O RE
Table. 2 (2R, FEREE & OB IR O B 57 Bl K AREA T
T - 8 B AT 72 2 77, SIEl DR IR LA ] CEEREE O 2%
IR BENIR ST, TH ) — LD, HEE OB IS 2
Hav, BB O KIS CHE I/ IO bR oTz,
113,000 mg-COD¢/L DX ) — )V EFRKBERE LB OBEIK
DO BOD 1E 84,500 mg/L THY, hodHEK(Fig. DERE
TAHZLIZE - T 585 mg-BOD/L L7220, TF/kiE= AFLHEA =
R TEDEHEE ST, Fig. 1 OVATFAZHEAT 254,
BRI 23 48 RERTIE, 0.3 m®(0.1 m® X 3)D SUSAE AL FET
HBHEE Z B, ZIUTIEMEBTEIEL LT 5L 1/100 THD,
F72, 0.1 m*/d OEBREFEENOTY ) — NV E BT D55
K7 L/d D ) — A BEIRTEAE I,

WAz, TTRO¥EB IR A A —ANLMPER 7 A A — A
ERAWT, BEREOEWVICEAIEELRHN L, ThEho
FERE 2 2 g/L DY CREESE 7SR, #9565 B R CTREEN
& T LT, 96 HFRIJEEERL . TOC LL T, AKBER T A A — AT
1% 45,000 mg/L. MHERT A A —ANTIL 42,700 mg/L DOFFSY
B )— )V E LT RETE REREWIR -T2,

FlEREE, N T A — VR Sy B RO 21 A H
CHERIAIZ LD COD Ry DERFEEHRTTT 5,

Yeast Fermentation time Ethanol removal

(g/L) (h) (mg-COD(,/L)
2 72 131,000
2 120 159,000
5 48 127,000
10 48 139,000

Table. 1 Experimental results of ethanol fermentation using high-
concentration wastewater.

Cycle Fermentation time Ethanol removal

(h) (mg-COD,/L)
1 48 126,000
2 48 111,000
3 48 113,000

Table. 2 Experimental results of repeated use of yeast. Magnetite
concentration of the same as 10 g/ L yeast.

4. FE

FEE By LT 0 v AR R A EERE WX ) —
JVFREEIZED 1/100 O SIS CHLALE CE D ATREME D VRS
iz, BERHIIRER D BEL TR U C& 7=,

SE3H
1. Y. Nomura, et al.: Abstracts of CSS] Conference, Vol. 98
(2019) p.115
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Volume reduction of actual sludge in food factories by magnetic methane fermentation using

magnetic separation ~Examination on bench scale~
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L7- FIETOE S LBRHEK DR F 24— VALBR BN T
I, B RS ERED 1% %25 ZEBBERHHEND
FERDBHTND, (5T F 0iB N CREMERY DU INAS 25
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MIIARE 6 L THY, MLBRIC~ T REA N IMZT=b D%
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VT 5, {5 I R B S - Bl Rk A R Z A (EAE
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FTAF v V) ROWER 7 BEEE S L0 SO NS 4 R
®“EIho,

3. RRUBER
(MEAE AR FBEE DB RBBILEEN

T5VEIREE D MLVSS #:8% Fig.2 [T, KIS IZHAZ
B72151R1E 65 HFREETRE 60000 mg/L 7273, [ AoiE
VeI FE1E 40000 mg/L FZEE TP LTz, ZOIRFOTBIE
DERIT 39% %R LT, HREEAS 50000 mg/L A I-HT-DT
THIRDNRAIZ T2 TGO B E R EDB M I o7z,

PRHKBEE T 40 B B £ T 15~50NTU TZEEIL TV -
28, 40 H LLKEIE 30~350NTU LB KREL 25T, THIRD
S FRIE AL TC RS T iR CTERWIE L, B 23 Mt 55
B PITHR D BEZ BT TREL QW70 EE 25D,

pH T A R FEIEIC B W CEERE B THY, Beitigicre
BEAZ LR E OTEMENME T 5, 20728, pH IXH M
WZRDDBRENESNTWD, R T 8.06 THY, pH
FHEEHN AN Z DB 2B LT,

ABUFEBAEIZ BT ABIED S RN HETe &S AF AN
RET D, TAPINIAZ NG ENDTD, TR F—LL

Influent

4

Magnet Drum

Biogas EfﬂuentJ

Stirrer

Water Bath
4 (37°C)

Fig.1 Apparatus for Bench Scale Experiment
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@ :Reaction Tank
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Concentration

MLVSSI[g/L]
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0
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Fig.2 MLVSS

TEIN A FAIHETH D, AF T ATEROIGN I TIIIE A
BRDIRSTN IBIRIBEN LT 51020 TR A BN
540 H U A BN Z E LA T 0.78 L/d,
WRTL2L/dRBAEL, KIS 1 L&D, FET0.13L/d
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IS IRIE D R RNE IR E B AZ R FEE TR 5
A FLEELUTEEIBIRIEIC T2 DN EN 2L | b AS
VRBEE DB A DR THEL AN DHD,
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WAL AZ L BEEEEIZ Lo T, B 5 L0 RGN B L ER
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Food factory effluent treatment by methane fermentation / contact oxidation process
with magnetic separation
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FFOITZ, AR BT i 3% D8 A— 21, S5 TR
DOHEIEAFEETHDHEE ZHND,
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2. Bk

N F A — )V FEEREEE A Fig. 1127357, MMF #1345
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R E D~ 7 3 A AN N Z T2, 15T O [F
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b, COMOEMIT 2 L THY, MMF ALHLK O & FE AL IR %
B E LT, HEAK DI EE F OUKER 200 B B (HRT) 248
{EEEHZET, AEAMZBEFEICE (LI,

3. BRRUER

PEHRDAZ L FERERD MLVSS 1210 g LR SN TVND
WKL, MMF ClERE R0 BEL > T 25 g L' 2.5 fF £ T
R TE,

Fig.2 [ AFE A M 4.3 kg-m®+d ™. HRT0.6 d 1233135 MMF
%KY CO H%DOAEEKD CODCr EEZ AL Z 7T, MME 73
HOWHAKIT ) 561 mg-L7, BUREL, BRLHDHT-0,
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Fig.1 Apparatus for Bench Scale Experiment
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Fig.3 Change of SS concentration
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Evaluation of zero—static—power single—flux—quantum versatile logic gates

designed by using pi—shifted Josephson junction
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Fig.1 Equivalent circuit of dual-rail ANF gate composed of
normal and pi-shifted Josephson junctions (PAND).
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Fig.2 Transient simulation result of the PAND.
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Fig.3 Comparison of bias margins of conventional dual-rail
AND and PAND (n—dual rail AND).
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Design and evaluation of an up/down counter using adiabatic quantum—flux—parametron logic
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Fig.1 Schematic of a T-FF in an up/down counter.

ouT
Fig.2 Micrograph of a T-FF in an up/down counter.
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Fig.3 Measurement waveform of a 4-bit up/down counter.
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Improvement of placement order optimization model for
adiabatic quantum—flux—parametron integrated circuits via machine learning
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Fig.2 Operation patterns of the switch circuit for FPGA
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Fig. 1 Schematic of the AQFP/RSFQ interface. =1 Q,
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RS /\/\/\/\/\
ANhER 0 ( 1 ‘ 0 ‘ 1 \
HIF T AQFP 0 1 0 1

AQFP._in Mm
SFQ out ﬂ—‘»—f—k——&—#—q—t——n—f
. 0 1 0 1

REOSO L %—A—#—— o Jﬁj—+

1000ps
Fig.2 Numerical simulation of the AQFP/RSFQ interface.

Table. I Bias margins of the AQFP/RSFQ interfaces for
simulation at 5 GHz
AQFP RSFQ
Previous -46.9 ~ 60 % -124~184%
New -43.5~80.2% -332~232%

Table. II Bias margins of the AQFP/RSFQ interfaces for
measurement at 100 kHz
AQFP RSFQ
Previous -24.7~40.5% 15.7~29.2 %
New -21.2~448% -0.52~214%
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AHFZEIL JSPS BHaF#y (18H01493, 19H00760) DBIR%A
ZF = O THD, AWFFE Tl HSNZBEIEIL CRAVITY (1
BT AIST-HSTP 7ut 2% W C{ERIX 7=,
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[1] N. Takeuchi et al., Supercond. Sci. Technol., vol.26, no.3,
p.035010, Jan. 2013.

[2] K. K. Likharev et. al, IEEE Trans. Appl. Supercond.,
vol.1, no.1, pp.3-28, 1991.
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Design and evaluation of a physical random number generator
using adiabatic quantum-flux-parametron
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1. ZUIC

G O HBERE W TBHEZ R T A M A AT 4
v 7 1#HEL (stochastic computing) 3 & 7 A Tlx, AJEEZ:
B D IEfERERE2 52 72O, HOHBIREDME C PR
EMEZ A L 72 SLBCE AR DB TH B (1],

INZRFZ T, WABWBARTFHE AT X ba v
(Adiabatic Quantum-Flux-Parametron : AQFP) [n[&
[2] ZRw-ilEd: e (RNG) 288K T %, AQFP o[
¥IX% Fig. 1 12”7, fE2kD RNG 713 X4 %4f
U CTHELE 2 2T 2 DIic R L, AR CTRET %
RNG F8MEEZ2HA L CEWRE 2 2R TE 5, £,
AQFP 7' — F DM AL v F v 72k D, Bz
INF =B EBTE 5, AQFP [ E#E 2 EEDS
HHETH 5720, ARNG IZ X 2ELE DA BGHE X, %
HANIIICET B ETFRIND,

AW TiZ, 1 €y b RNG Oi%at & 2z 7o 72, #Hl
ERREP, BRI NGB DOEIC OV THRE T 5,

2. ¥YIal—v3v

[ RNG (%, lH7“1” % 7213“0” DR 2 gl $ 2 721
F 7%y b ATBERPAINE N AQFP Ny 7 7 % v
%, AQFP Ny 7 7 T3, A EIZ A ER O A S Tk
FEIND, WIRL 0 DEET, HIZ BT CHERINIC
WEIND 7D, 50%DHEET 1 (£72120) ITAL v F
T5, 2O EDOWEE Fig. 2 1237, Kgibcld, #l
BEERT 5Ny 7 7 LEFHAH LRIEE M AR
PR T 5720, EEEONNy 7 7k DRI DN
v 77 Fr—vEHVE, &5, Fx— v NOMEMEM
2k 2 HOMHBIREDLLEZBC o, BiET 53y 7
FHEICKRELRA VY77 ZFFAL T,

3. Xk

AIST 10kA/cm” Nb #difiHe 7’ a2 2 (HSTP) [3] %
L CRNG Z %Gl &8 K OMERL, RSNz 7 v ¥ 4
vy b AU —LADOEZFH L 72, i L 72 RNG oL A
77 b % Fig. 317, (R (100 kHz) TERI N
722"y PR Y =24 K bH, 0.005 DHHEBREE
FEEEL 72, BHDOFHL T, WEHE & EFRFHRICOWT
HLSHET 5,

Hitr

ARG AE ] & A7z B &, S B Al e A R 22 i
(AIST) O#{EE Y ) — v )L— 2 CRAVITY % F\VCERK
N, AWFSEIE JSPS BHFE IL TS (No. 18H01493,
No.19H05614) D %2\ 7-bDTH 5,
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_Ql\
REEEN
g
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N\

Fig. 1 WiBAEFREH %7 X b u v (AQFP) oI,
EIRD ) E CTHBBRE I LD,
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Buffer Random number generator
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P

Fig. 2 AQFP Ny 7 7 &2 Hl\»7- RNG
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Fig. 3RNG DL 4 77 X
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1. P. Hayes.: Design Automation Conference, no. 59,
p- 1-3, 2015

2. N. Takeuchi, et al.: Supercond. Sci. Tech., vol. 26,
no. 3, p. 035010, 2013

3. N. Takeuchi, et al., Supercond. Sci. Technol., vol.
30, no. 3, p. 035002, 2017
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Experimental Evaluation of Bit Error Rate of Adiabatic Quantum Flux Parametron Circuits
Considering Gate—to—Gate Interconnection
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PERICRDHFEMEL CREEERBBIE N EESNT
BY, WERDA—N—ar P a—F Il END L, KR
THE B IHES SN D, T2 12, & ORBZE LR
D—DTHDLHWEARE TR NTAha (AQFP: Adiabatic
Quantum Flux Parametron) BEIE&[1]DMFIEEZIT-> T 5,
AQFP [RI¥(3% GHz O@EEMENIRETHDEZEITMA,
72 HE#EIH CMOS LY 6 HHEWE WD RHE D B D [2],

AQFP [FIF& 1L, #+ u ADUMEZERICE > TEEL T
BY, F—b~DOANEROBEDH I OREE R ET D,
F—hEOE BEBRIL, 7 —MEERENRWIEE /NERD
EVOEES DD, 2T, [BIEEOBIEIR I 1 DBV %
ZETHE ANEBEROMBENKET D 8ELENRHD, 2
IZ&D, A OGRBESKERL | R EEN 23U, AHFSETIL,
BT A EZELT- AQFP RO v AV (Bit Error Rate;
BER) DOFEliZ T o7z, MHI 2L — a7 b NI ERIC
&V BER FliZ 752812k~ T, AQFP [RIEASREESh & =
72N — B R O e KA, B XN T B O e/ IME %
EEICHRFL,

2. ¥2alb—33av(2&B BER FHifl
N [BIOFATITHL T, BER iZ()XTHENS,
BER = M/N = (N-P)/N+++(1)

M =7 —EE, N FBRITEEL, P IXELWE SR ELN
7~ TH 5, Fig.l DIzl —armRizBnT, 7 —h
MERRE Lo 28 Teal I B\ TS 25 B L 7= Monte
Carlo %124V BER &R 7=, F/2, BER 1Z(Q)F TR T ZEN
HRAEIELT,

BER = erfc(a X1/, )X B =++(2)
erfeGOITFAMRAZERISL. 113 Lo\ D BT 1 1 X BT
PR SEIIHRIE QR IKE) . o, B IFEQOEHTHD, L
Lo 1ok o C B DG, Fig.3 0 simulation) 3¢
Monte Carlo {EZE > TEHELIVZRE R, Terfe(x)] 23, e/ 3¢
HIZEY QR &V IaL—val RIS T4 T4 T LT T
T ThD, NEEROBEREF L 1 GHz LLT,

3. FyTHIEIZ &S BER &

Fig.2 |Z BER MlIE R DL AT 7 M eowk T, Fig.1 LFRIERIC
7] %1% 9 Bk Buffer Chain THERR S AL, I EEHEIEH O
SQUID 7> 7 MRS TND, FFEIEEIXE R —h
HECR R 2B L7-4F%H?® Buffer Chain 236725, AfaTlL
2 FEEOT 7 (HSTPO25 : Bl 1 mm, 2 mm, 3 mm, 4 mm,
HSTPAOOL : Bl & 1.74 mm, 1.98 mm, 2.26 mm, 2.67 mm)%
HIE L= 5% Fig.3 \&R 9, HSTP025 72°51% 2 SR E 1
mm, 2 mm)AEIZE > TH BN (measurement(HSTP025)) .
HSTPAOOL 225 1% 4 S A EXL-THL N
(measurement(HSTPA001)), Z¢ BER i, 2 EH O KEE
ZIRIELC—F{R BER BMEbN=boEii#i L, HIEIC
BWCHNEBROBER 41T 700 MHz TIT78->72, EBR
FERIT. WIS Izl —a il R TBER 2L
2o TEY, ERICBW T I —2 KT 5 L E R DD,

Fig.1 9-stage buffer chain

. - 1’input

lex

L)

louwput 9 ¥ @ @ @
Fig.2 Layout of BER measurement circuits (HSTP025)
10°

@ simulation
. =—grfec(x)
s & measurement(HSTP025)

10_5 s ® measurement{HSTPAO0OI)
m o
W
m

1010 .

1 0-1 5 I

| I T VO I I N A |
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1, [WA]
Fig.3 Comparison of BER obtained by measurements

and simulations.
(measurement: 700 MHz, simulation: 1 GHz)
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ARWFFEILIPSEMIE 7 A 9T (S) (No. 19H05614) DBAf,
EZF b DO THD,
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[1] N. Takeuchi, et al.,, “An adiabatic quantum flux
parametron as an ultra—low—power logic device”, Supercond.
Sci. Technol. 26, 035010, 2013.

[2] N. Takeuchi, et al., “Energy efficiency of adiabatic
superconductor logic,” Supercond. Sci. Technol. 28, 015003,
2015.
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1. [XC®IZ
RADE A AT EERER A OFRIZE>TX
Z AT ET, o R RS N T O A 1 (@) ]%1 I
(CHEREE AR ST, LinL, 4R iR h o In
TR AN T O IRFUZ Lo THERBD IR AL S0 — T —
TG, Eio, RO EICHE, 8 TE ) O kR R B b (L | L ) ke
LRI WD, 22T, B RER PR IR DD
BT NAREL T, BAEERMEIKNE R EZED TIN5, i Tos
Fx1XEOP CHIRIHE EIMHEICENT BB R TR T 1 1
Abm s (Adiabatic Quantum—Flux—Parametron: AQFP) [A] % i 1"“‘J L, )
OWFFEE LTS, AQFP [ 5~10GHZo BB EL —ww
BREFERIFK I~ 5~6 HIRVVHE B DFHETHD °
(121, . Fig. 1 Schematic of DQFP gates. (a) Buffer. (b) Inverter.
BUE, AQFP [l %2 FZL DAL T 7 AN D IS 7 KRB Tor=Jp2=50 pA, Ju = Jo=80 pA, Lin= 15.16 pH,
72 B DOBNESEFEN THOILTNDH, LYK Ep[E] g% F 8 Lq=12.85 pH, Lq1 = Lez=3.30 pH
T HITIE AQFP B2 X5/ NS THENREEND,
Z OB RR T D=1, ERS AR TR T AR Inverter chain Majority gate
(Directly coupled Quantum—Flux—parametron: DQFP) [5] &3 Buffer chain Offset ate
RESN TS, DQFP (%, AQFP TT —Zr#h 7= 12 fi \ /
AL TV AZ BB L2 kD NS U 8] B T N FIEEAEEEREE -
0%, SEATHFFETIZREI DQFP OEIEEIEATHIL T - ‘
3, [ /ST A= B D FGE(L AT DI TR - T12(3], 22 , 3 FEE }100 um
T AW CIREIE ST A— 2 % b LT DQFP & T f,:; ISiSSESES S
BT ANBIR AR EL B EFRREA T o7, AR A AR A
de-SQUID
2. DQFP [E& Fig. 2 Micrograph of DQFP cell test circuits.Q
Fig. 1 IZ DQFP FEI&A R T, L1& LoD La & Lo \ZHERHE
BLTOD, BUNRASER L BADSR TSI, ik s | 2
Bt LSk TIa LTV U AR BAR 2 DDA —T IR e | 2
FUEFOHLD 050 BEMEHDL, h OHRIHLTE amos -—
FELENDTaL 7Y AR ALY F U, T L 550 LI ——————
o, BIEJFIEIT AQFP LAFETHHHY, AQFP DA 1L, MalBEB | 1,
I AE RO, A RO EAZEZHZECEY M -
buffer & inverter ZA AL L TV =, — 5. Fig. 1 IR 291, Maj_1B1 {fz
DQFP TIXh7 2% FAVWTIZ buffer & inverter ZFERK T& 5 Maj_II8 %fé
72 INEEAR RTREIC R > TN, . — :
-100 -50 0 50 100 150
Margin [%]
3. AlEHR Fig. 3 Operation margin of cell test circuits.

TERE OB B I ELZBELRND, BT A—
HE it L7z DQFP RBIEO®/LT AN ZH LIz, &
TEL7= B T ANAIS OBAIBIT A Fig. 2 \RT o DD il A FHAIST O BE#E 2 Y — 2 b — M(CRAVITY)IC
Buffer chain, Inverter chain, Offset gate, Majority gate 72> BOTERSNE,
TU5, Fiz, Offset gate I3 2 A 77, Majority gate |% 3 AJJD
T2 DT AGRBLOKEOF OMA Gt E 4 S E Tk

BVTANTEDEIIT, ?Zl\lﬁlftg?i’ﬁﬁf%ﬂito Z DRI Z [1] N. Takeuchi et al., Supercond. Sci. Technol., vol.26, no.3,
RAUTLMZED 42K ETHEAEIL, MIEETT o725 B% Fig. 3 pp.035010, Mar, 2013.

(T ZHUCKD, BT AP TR LIZ 2 COMRE T, [2] N. Takeuchi et al., IEEE Trans. Appl. Supercond., vol.23,
TR ERBEEH L CNDIEEFIELI, 1n0.3, pp.1700304, Jun, 2013.

[3] K. Arai et al., Applied Superconductivity Conference
(ASC) 2018, Seattle, US, Oct, 2018.
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H—REHR A (Single flux quantum: SFQ)EIRAIILH &
3% Josephson ¥2 6% =i B A B 1 d . 2 D iKY

BB NBEEOB AT, BUTOERT A 2% H
b\ﬁu PREIFRIZ D1 i REDE R EZEBLTAZENFHETH D
[1], —J5C. Josephson [A]#& %% DIKAERG M CARERE) )14
DI KB/ ATV EWF S DN HETHD, FDT2D
EEERHE 22 CMOS AED% Josephson [El# SHL A A CH
V2% Josephson—-CMOS /~A 7 U R AEY M, Josephson [A] &1
HETDAEYS AT LOEBUZ AT THFZES LTV B[2],

T x 3BEF L TUA Josephson-CMOS NAT VR AEY T
U TIZ, Josephson latching driver (JLD)EFEFIENDIE B2
a5 23 Josephson B E CMOS B DA v 2 —T =— A
B ELTHWOLILTWALZL, 4l Fx ITEEHITR A
ZEAT (AIST)® 10-kA/cm? Nb advanced process (23T JLD
DT A=Z i bz T, BIE 2R ELEERBR 21T o7,

2. Josephson latching driver DR R U HiE{L

JLD 3 SFQ 7SV A AN 2B EL ~AG 5 BT D A1 B
TH5, Fig. 112 JLD OFAfial#E X% 79, JLD I3, Suzuki
stack (SS) EREIENAT & —& 7D Josephson HEHA
Bopb, TVT 7 ThHD AL gate IZXOERSND, SS L
4JL gate IFZPREITICLD AT ASHI, ENEIUTNRAT A
EIEAFHINE I TWDRIZ AT in 12 SFQ 7SV ADB AT X
naE., 4L gate KUY SS DG HHBEIRREIZAA YT L,
1715 out 1Z 40 mV FREDELEL~E 51MEHND,

AWFIEETIE, 2R ETIZ AIST @ 2.5-kA/cm® Nb
standard process AW T JLD Z&&E L. 2z v
Josephson-CMOS ™A 7V RAEYDEMERIEEIT > CTET2,
A A, 10-kA/cm? 7REAT JLD ZiEid5ichizn, 2.5-
kA/cm? 7 atALD Josephson BEA DY T XK vy T HHIDE
WAEZEL, JLD OB/ T A—F DR LEIT o7, Bl
a2l — g OfERICEDSESS TN 4]L gate DT DN
AT A= DI RAEEND LS, 4L gate DEES i ST
1@&053'77*5?}?1@’2%%%& J101=J102=120 HA\ J10s=J104=360
BA. R =35 QEEDT,

3. Josephson latching driver 0 i

Fig. 2 \Z3&MEL 7= JLD [ DO BEEE 5 B ARd, IELZ
JLD [EIE 1T, |IRMEICED NRZL (25 A JJ%& SFQ /LA
\CZEHAL T JLD ICA AT 5720, SFQ &= SL—ZTh
% Level driven DC-SFQ converter & A\ C JLD IZA 1% 5
ZORERLE LT, RAIELTZ JLD ORIEIZIW T, BIER K
1 GHz TOEFEEDHERINIZ, Fig. 3 IZEMEREBEL 1
GHz (28155 JLD RO IMEZOT A/ F— &R,
Fig. 3 XOFAEL7Z JLD BB W TIEW T A DHER ST,

Suzuki stack (85)

4JL gate

— 174 168

Fig. 1 Schematic of the Josephson latching driver

DC-SFQ

converter Matching

4JL resistances

Level driven

DC-SFQ converter
SS

Fig. 2 Microphotograph of the Josephson latching driver

Fig. 3 Measured eye diagram of the Josephson latching driver
at 1 GHz frequency operation
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WHILTWAR BB R Ty MIMRIEIRBRE CEIfET 2
72 OEEMEICRED D, F2 T, Bx l3m i E— R &1
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TEMETAIEICHFRAL, INEAWTEEDOE S, B
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1107,

2. RAYBER(F
~ A7 AL F DTy K% Fig.l \ORT, A 70l

Ay FIXBIRO~ A7 2R, DC/SFQ ar/R—F  AAvT-,

P VVAKHHE AR T A VE | BE G RIS, EiIRDD AT
SNz~ A27ald DC/SFQ 2 /X —& T SFQ 7\ )V AFNT IS
Bz, 7L RBNFIAA T TEEORERMIEIC X )65, &
DAL FVINERE S siin & s_reset ([Z&- THIEIZND, &
D/ SIVAIE R a5, 7SIV AKRHAE g OfE &% Fig.2
W7, ZOMEIT SV AZERL | BifES (Fig.l $o
AJ1 B) 1Z&o T, BIRIZAMNBI DR AN 52T
VARG At ZHIEIL, HODEIEEGIET 5, 0k UL
AFNTT7 4B E BB, @I ARESNDOZEIL S TE
BOET, KW~ Araji /s, SHIZES K 4 mEiE
FHZETEIBROWE RITKIGLIZE 5 &72%, RSFQ Bl %
HWCERE T oo~ A/ Ay F OF v 7 5 H% Fig.3
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AENIEEY & Ty MIEHEN AIE~ A7 A1y
FOEEIEDT=D  SAT AEPLEHEIRL , A 72 A
Loat T A E O ANAT AEREIIN G [3] 28
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3. ¥2al—YavIzkBv—oUDigEt

Fig. 4 IZEBII~ AV WA F D2 —ar s
T, AENT=~ A7 RSNV AFN 720 AA T CTREH]
IR X OIS NN E R CHRIBISNAZLICEV R At B3
{fEL., BN~ A 70l OB NELLTRY, &
T~ AT AP AA Y F LU THRREL TVDH LD HERR TE D,
TOLE SNATABIEOV—IUE 80 pV-225 uV Tho
Tro v — VBRI OUZ DN E EAD, L FAERC
LD IARINKELIRDT-0, TNEBRLZEIZ I > TR DM
REUGED RIAEND, 4], A1 RSFQ FEIREOFIHIZLD,
~ AT AA Y F OFRINEEE 11T 0 LlpoTz,

4.

448 71 RSFQ [H1# %2 W TRy Ml HE L~
T AL v F DR ET AT o1, V32— a OFER, — &
DO~=— N TOBEZ R LT,
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Microwave, A | DC/SFQ C Pulse D_ _ |E[Matching
Generator Converter Switch Duplicator Filter Circuit

20500 _%SDQ

Fig.1 Structure of the SFQ microwave switch

Fig.2 Structure of the SFQ pulse duplicator
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Fig.3 Microphotograph of the microwave switch
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Fig.4 Waveforms of each signal in the SFQ microwave switch.
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Fig. 2 1%, #R3— % Bi-2223 7 — F#ibt 2 6 K R B L 7= Y
7 VD 55.4 Hz TOREFERTHY | SMEBESR OFIIN T A1,
T — T MRS E A L O TR T Ch D, RIS, i
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y Cancel coil

<

Sample

Fig. 1. Schematic view of new split—type magnet.
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Fig. 2. Measurement results of AC losses.
SE X

1. Y. Haramoto et al: Abstracts of CSSJ Conference,
Vol.97(2018) p. 140.

2. Y. Haramoto et al: Abstracts of CSSJ Conference,
Vol.98(2019) p. 54.
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Improvement of magnetization loss measurement system to measure short coupling time
constants of striated coated conductors
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LRI LT,

WA E B = Bosin2nft LR L /haA BN TOFHE
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\ZHRD BT EED) . WSEIRIEDFHIZLL T8 THD,

1. JEREDME (B 1 Hz) R FihE HL . T ORFORE
EHE Bo. BEELEE Vo 2ilék T2, ok a=
VolfBo TR D,

2. AWEDSE R TSR L, OO EEILRR
Vo & itdkd %, LRREE L ERK affioT, Z DD
TEIFHRENE Bo' = V0'/(of) ZEET D,

AT O THEBIL -SRI & B IR IE A2 VT
BRI — EIC T 57 O BIRIRIE 23 5 TE 5,

4. FHAKER—15

SRS RO —F% Fig. 2 ([T, 22 IS EREEZ — &
(1 mT) 2T 570 D& A HEFREEEZ R L, 7 avhL
Too ARWVEHE S (1 kHz LLTF) TlE X BB iR EE—
(10 2 A FREE) 7223, @V A S (1 kHz UL k) TOLE e
BIARIE S LR DH A D0 D, ZORERIZONTHID LK
T HONENRHD,

ZDINTERERE T HZETEEIR BB IREZ — &
WU 2 I i TR B R AR O RS A R E S I E
LR RRETHETHTETHD,

Rotate Magnet
mple } _ Lock-in

amplifier
ﬁp coil
Cancel coil

Fig. 1 Schematic view of the ac loss measurement system and
enlarged view of pick up coil and sample [1].

Table 1. Information of Hall sensor and small coil

Hall sensor Maker LakeShore
Type HGCT-3020
Inner diameter ~ 10 mm
Small coil Outer diameter ~ 17 mm
Turns 603
100_ T IT”IH[ T IITHHI T TIHI”] L
L 1mT ]
< |
Z i
3 |
10 IR ERETIT B SR TIT] RS R T1T] B S AT
1 10 100 1000 10000

Frequency (Hz)
Fig. 2 Currents to produce 1 mT-amplitude magnetic field at
various frequencies.

HiEE
ARWFFEILIST KRt AIEF S T ME B IPMIMII9EL
DEEEZIT LD THD,

SE X

1. Y. Li et al., “Coupling time constant measurements of
spirally-twisted striated coated conductors with finite
transverse conductance between filaments,” IEEE Trans.
Appl. Supercond., vol. 30, no. 4, June 2020, Art. no. 4703005.
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Superconducting properties of ex situ processed MgB, tapes using homemade powder

BRI 23, dER = (NIMS)
FUJII Hiroki, KITAGUCHI Hitoshi (NIMS)
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1. F

MgBx BHAEARIZAN T, mEA T C ORI i B (o)
DFRFMESCEICIE, SR DR B EHUIRD A e FlEo—>
ThD, REFEWIER Mg(B,C(MBO)IEHIRENTES T,
ex situ VE CZOTFIEE#H 51213, MBC MIIBET 54
B DH, —5THIE MBC B3ZiE MgO ZEDO R AR
LG DA AT EFRITO T, MEDE W REIE
RSB LNEE LD, ABFZETIEAE T, REBE L T
E {E MgB2 ¥y CH BB A ERIL | 21T 72,

2. RE&

A VRS = FE B & Table 11O~ HHK MgB2 ¥
LT, EAR 70— T Ry 7 A(GB)NITIEE S-b D (A) L,
E#MAKPICHEBESHEZLO®BEE AW, £2.
Mg(Alfa Aesar; $iE 99.8%) &% U8 B } K (Sigma-Aldrich;
>95%)&% Mg : B = 1.1: 2 D/ TIRA L, BV
TR FE (Thea)800 — 950°C T 5 ] SUSSHT=b D% HIEREL
7o BRI B LB EEI(C. D, E)C oW T, AiEET
DRI IY G EN TV MgO ZIEfERELE, Zh
50 6 FOMRIZHTE DAL L CHREREL, ex
situ {5 C Fe > — AR 2 AERLL 7=, BRARUBHTIZ, Ar T AR
i, fEa OERET 5 RERIINBVLEZREL kR s
FEDFHmE T o7,

3 fEREER

M E A, B RO HERLEBRE C - E ® XRD X%
T 58, EEND MgO ODZWIEIZB>C-E>A Tho
720 ZNHD MO I TIARABIC EIEIFRES NS, KK
C - E OB ORI, ISR TR RED
MgB: DA EETHE, TNEH 84, 89, 90% TH -7, ¥
K C THRERMENDDIL, Theat DMENZDITFESTWZRK
IS Mg BIEIRRESNIZ 02L& 2 Bb, Figd (K
WLFRRG AR D XRD M%7 7, BRI OBIRALERR; K D XRD
B LT, ¥yoK B IZD & MgO IZHER 9~ A —2 220 73
IR IR S Tz,

Fig. 2 |2, 700°C Riif#% CTRERE LR L I-8R-4 D Je-B FilEZ R
7o MgO WL ERITAFTET D8 B Tl Jo FPEITFER 125
STED, 42K, 12T TOD JEIE 20A/mm? UL T Ch-o7-, —
7. B B ClEL FAEL Tz MgO MARALEL TS
e llZE o Tl L FREDIS B DUER DI, GB (RE AL
A D JHEL RISl EX o7, BYERERAT C — ECBILT
3. D O J BN RBEN T, C X TOVE Tk, =R
REIED Mg (XD T e mE MBI Z X > T,
MgBuau BN BATAER L IZT2DIT, JRHEDO LB TZH D
LEZOND, 2, 6 B C. D O J ORGBERAEIET,
M A EHARTNELIR > TODN, IR O DOBE O 7%
HAEBREPMEORREBRE I ZEILI72DZEB X5
N5,

XRD Tix, HIER C — E 13 A, B’ A4 MgB IZIFHART
HHDITHLHIS T BB TO J BEPET, B ER A
TIHLTH > TWD, 2, ik e B /BB o e
EOBENMIEAL O LSS, BIEMITRW T, iR
AREIZEENDI RN, REUSDEE, HDHVNE Mg &
LT MgB2 AN O RHli a2 AL, ZILGDORHFN Je Rk
DEALEBIERLIL TNDELDEE X HNA,

Table 1 Specifications of tapes and filling powders.

Tapes [Powders] Theat(°C)  Acid-treated
A [commercial(clean)] - -
B [commercial(contaminated)] -

B’ [commercial(refined)] - o
C [homemade(refined)] 800 o
D [homemade(refined)] 900 o
E [homemade(refined)] 950 o

-(d)D O:MgO :WC_

=
- — -
v—

relative intensity (a. u.)

L 1 L 1
60 65
20 (deg) / CuKa

Fig. 1 XRD patterns of as-milled powders (a) A, (b) B, (c) B’
and (d) D. XRD peaks assigned to MgB: are indexed and those
to MgO and WC are denoted by a rhombus and circles,
respectively.
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10

Fig. 2 J—B curves for ex situ processed tapes using various
milled powders. The measurements were performed at 4.2 K in
a magnetic field applied parallel to the tape surface.
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Analysis of electromagnetic force of a superconducting magnet with active shielding

for a rotating gantry
BAE 1% (NIFS)
OBANA Tetsuhiro (NIFS)
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2o
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<7 Ry MO ERGIBRLIE (=7 2y ML TORESG DY 2.37
T)IZ, 34/V%EEWT§§ET6$&EE<%7‘:U@*Ezd]%:?k
®7z[4], Fig.1 & Fig.2 |2, EaANET I T 47— LR
THUDE Eﬁxﬁ%f\ﬁl\/l/lfﬂ“ﬁ‘ FaAf LT, 241
VORI CTIXERE I D3N E F A3 AL, ALV OHE
ERCIXEREIDBNE F NI AT D, EDT, A /LB
\JEMEIS ISR T D, TIT 47— A Raf IZBELTiE

BREINIHE ST NI AT D, 1T IAVERBUTT RIS

HFAS B,

FaAfNVET T AT —IVRaA | :}‘o‘b VC, A FBMTCE
U7 BR D 2TEE L CERHML 7=, Tablel (2, ANV DHE—5
FRICBIT DK EBIOEE S WOEBM I E2RT, BRI
7J<I(x)j3m&ﬁﬁ(y)ﬁﬁ WA EILT, 7k1ﬁﬁ®“ﬁﬁwj

WL T, EaAMEIT 7T 47—V RaA VLRI THD,
— . BEFROEBINEL UL, FaAVRNTIT47
— N RIANVEDHEERRELRY, BIZ, KAV CTERD
DF N EIRDFER LTS T2,

Table 1. EM forces generated in a quadrant of the coil cross-
section when the dipole field is 2.37 T
at the magnet center.
EM force in EM force in
horizontal direction vertical direction
Dipole coil 196 kN/m -538 kN/m
Shield coil 182 kN/m 98 kN/m

0.25

0.2

0.15

y[m]

0.1

0.05

0 0.05 0.1 015 0.2 025

Fig. 1 EM forces in a quadrant of the dipole coil. Arrows

show EM force at each wire position.
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Fig. 2 EM forces in a quadrant of the active shield coil.
Arrows show EM force at each wire position.
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1. S. Takayama, et al.:
(2017) p.104

2. T. Obana, et al.:
(2018) p.80

3. T. Obana, et al.:
(2019) p.116

4. T. Obana, et al.: IEEE Trans. Applied Supercond., Vol. 30
(2020) 4400305
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Development of Removal Method of Heavy Metal lons
by Using Magnetite Modified with Natural Polymer
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30 | LN —— GAM
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7
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Fig.1 Zeta Potentials of Magnetite and GAM

as a function of pH.
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Fig.2 Removal Rate of Cd* by Magnetite and GAM
as a function of the amount of additives.
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Fundamental study on high efficient magnetic separation method for paramagnetic particles
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Fig.1 Setup and schematic diagram of the experiment

4. ﬂ‘*%
R D BED FEERAE 5% Fig.2 | _T“a‘“ Fig.2 InbAa3ind o
ﬁﬁ?@jﬂ%%ﬁﬁﬁf%é pHT7 1231 HRERE R e
LA NEE RN SN STZZ D %ﬁﬁ%ﬁ) BEHEL TWDD
EMBZHND, Fo, HFBMEBE FWTT L2 — R
W B L TR DR F AR LT L ZAREL T D TE
%EE*E’CTJEE W72, DFED, Wk DEEA(E T Z LTk
REJINM L2280 h Tz,

—A pH5
—o-pH7
-~M--pH9

Hematite addition amount[mg]

0 20 40 60 80 100 120 140
Magnetite addition amount[mg]

Fig.2 Hematite adsorption amount for each pH

5. Z%¢
2&%{;&@;@%1%?&% IANTGE ., — B EDSBER
1G5 iﬁbnfu%f%ééﬁfwWzk%#mﬁﬂﬁ%f%é
%”@f&%@iﬂ%%%ﬂua‘é%gﬁ%é(mg.z)o DD, K
BT T, HEVBR IR TRV EEZHND,
ZNHDFRERND | BB ETRBEMEIR D IFRITINT
:t pH FHEED I CTHEfRE N D1 LEXBLZ LT ATRETH D
\ TR D B ORI DWW TILREER S Z L3 5
73 &focoto :ODU?) WM R G L LT R BED T 2
RIS I B PERERE R 7 AV # — DR RN L E 2 Db,

6. £&H

AW TII~NTHA N~ RAANDOEEIC LD, BER S
B R O EEREL . BB RES7, Lo, BAITAL
FTHDIEIER I G THD F M RO I BRI
THOLERHDH=D, %i@ﬁ;@ﬁ’]f W7, R BED T
(IS HERIFICANTIG S BEER T V7 — @ EAL 2
G THHILENHALDN fototo St BARM7Z0E %
ABAEIZ, BrioloEm L LR T V2 — DRt B ELT
STPLTETHD,

HE99M]  20204F B2 A F I T

RS



1P-pl4

g o (1)

M EBEHKOEALESEFREZRV-LEDRE

Examination of treatment of oil-containing wastewater using magnetized activated sludge method
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1. Introduction

To improve the efficiency of future commercial aircraft,
organizations including NASA and JAXA have proposed
advanced aircraft concepts, many of which utilize new
technologies to increase efficiency. One such design is the
NASA N3-X concept, funded by NASA, which utilizes two
turbine engines and sixteen propulsor fans in an electrified
propulsion system [1]. In these systems, power is transferred
from the turbine engines to the fans electrically through the
use of generators, motors and electric transmission
cables. The N3-X is designed to carry about 300 passengers
and is expected to extensively use superconductors to
reduce system mass and losses. To reduce transmission
losses and increase system flexibility, DC buses are
envisioned to be used to carry power from the generators to
the motors, with converters required at both the source and
load sides. As these converters are typically very heavy and
contribute to overall losses, it is important to consider them
when designing the other electrical components in the
aircraft grid. In this study, the optimization of fully
superconducting generators for low mass and loss for use in
electrified aircraft propulsion systems is performed while
considering the mass and losses of the associated source—
side converters.

2. Design

The generator design being considered is an air—core fully
superconducting generator utilizing multifilament MgB, wires
in the armature windings and REBCO (Rare—Earth Barium
Copper Oxide) flat tape wires for the field coil windings,
shown in Figure 1. The operating temperature is assumed to
be 20 K, as it is expected that such machines would be cooled
by the aircraft’s liquid hydrogen fuel. The outside radius of
the generator (R6 in Figure 1) is set at half the radius of a
turbine for which the blade tips would be moving at 500
m/s. As the generator is to operate at 5000 RPM, the
outside radius of the generator is set at 477 mm.

The leakage magnetic field strength during operation is to
be measured at twice the generator outside radius and is not
to exceed 3.0 mT, the maximum peak safe magnetic field
strength at the operating frequency assuming a sinusoidal
distribution [2].

When optimizing the design, the radii of the inside and
outside of the field coils (R1 and R2), inside and outside of
the armature windings (R3 and R4), and the inside of the back
yoke (R5) are varied, as are the inside and outside positions
of the field coils (o and B) and the active length of the
generator.

A unidirectional solid—state rectifier cooled to 100 K is to
be used as the source—side converter to convert the 3—phase
AC from the generator to *1.5 kW bipolar DC for
transmission (Figure 2). The nominal electrical power rating
of the generator/rectifier is to be 11.19 MW as per the

estimated requirements of the N3-X concept [1]. The sizing
of the converter components will be determined analytically.
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Fig. 1 Generator cross section.
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Fig. 2 Circuit layout.

3. Objective Functions

The design will be optimized with a genetic algorithm for
minimized loss and mass. Losses will be totaled without
regard to temperature, as cooling is assumed to be “free”,
provided by the cryogenic fuel. The forms of loss to be
considered are: superconductor hysteresis and coupling loss,
iron loss, and converter conduction and switching
losses. The system mass will be evaluated as the following
components: generator back yoke, armature windings, and
field coils, and converter switches, diodes, inductors and
capacitors.
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Table 1  Specification of contra—rotating bulk HTS generator.

Speed [rpm] 12.2(Front), 9.1(Rear)
Generator diameter [m)] 2
Rotor Armature winding (copper)
HTS bulk (GdBa;Cus07)
Stator
Permanent Magnet (NdFeB)
Gap width of center [mm) 15
Number of poles 16
Teeth M600 - S0A

1=

infalytica

Fig. 1 Design of the generator structure with the contra—
rotating armatures and field poles of bulk HTS.

Table 2 Calculated torque and power of contra—rotating bulk
HTS generator and the reference values from the alternative
model of the field poles composed of permanent magnets.

Quter armature | Inner armature
HTS HTS
bulk PM bulk PM
Maximum
torque 178 32 232 52
[kNm]
Maximum
power 171 30 297 66
[kW]
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1. Introduction

The superconducting wind turbine generator of 10 MW and
higher output class is one of the key solutions for larger size
wind power systems for higher output density and efficiency.
Researches on this topic generally include fully
superconducting  generators  (FSCG) and  partially
superconducting generators. FSCG consists of field windings
and armature windings both made by superconducting
materials, however, a key issue for most applications of FSCG
involves AC loss. Therefore, in this study AC loss will be
discussed with the design of generator together.

2. Characteristics of FSCG and the NSGA-II algorithm

The design shows the conceptual model of a 15 MW class
FSCG in Fig. 1. The armature windings are made of MgB, wires
and its field windings are made of YBCO wires. Table 1 shows
some specific parameters of this generator. It runs under a
temperature of 22 K, the number of poles is 12, the rotation
speed is 10 rpm. The ideal operational voltage is about 6900
V with the current of about 1255 A and electric loading of
290 kA/m. The air gap magnetic field strength B, the effective
length of generator /and the diameter of stator D are variables
in the optimization. The calculation of AC loss in the rotor is
currently based on the hysteresis loss of the armature winding
which is represented by mathematical formulas.

NSGA-II is a popular non—domination based genetic
algorithm for multi-objective optimization, which can solve
some complicated nonlinear optimization problems. In order to
make this optimization work better, the parameters of NSGA—
I are set as follows. The population of this genetic algorithm
is 50, the number of the objective function is 2, the minimized
bound and the maximized bound of D, /and Bis set as [0 0 0]
and [6 4 4].

3. Simulation results

Through iterations 50 sets of Pareto optimal solutions are
found. Fig. 2 is the result after two hundred iterations, it shows
the relationship between output power of the FSCG and the
hysteresis loss from the AC loss, indicating that the greater
the output power of the generator is, the greater the AC loss
is. If we hope to control the output power above 15 MW, the
value of the hysteresis loss must be greater than 0.27 kW.

Fig. 3 shows if Bincreases, the AC loss represented by the
hysteresis loss will increase, as will the output power of the
generator. And the change of /has no special relationship with
the AC loss and the output power. But as a whole, increasing
/ makes the AC loss smaller. From the 50 sets of Pareto
optimal, the solution that makes the output power closest to
15 MW can be found as 2=6.0m, /=4.0 m, = 3.3 T. Under
this circumstance, the output power is 15.0 MW, and the
hysteresis loss is close to 0.3 kW.

4. Conclusion

This optimization finds the relationship between the
parameters, the output power and AC loss, and gets a
reasonable design model. The calculation result of AC loss
needs to be verified by FEM.

Table 1. FSCG Specifications

Generator output: 7 15 MW
Number of poles: p 12
Rotation speed: N 10 rpm
Operational voltage: U 6900 V
Mean stator winding diameter: 2D 6 m
Effective length of generator: L 34 m
Magnetic field at the gap: B 2-4 T
Operating temperature: 7 22 K

| I: Effective length of generator | | Armature winding part |

D: Mean
stator
winding
diameter

Rotor iron
FSCG

Fig.1 Conceptual diagram of the 15 MW FSCG
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Fig.2 Pareto optimal of NSGA-II after 200th iteration of the
15 MW FCSG
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Fig.3 The relationship between output power, hysteresis loss
and magnetic field at the gap
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Basic characteristics of MgB2 pancake coil wound with Rutherford cable using reacted MgB2 wires
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Table.1 Specifications of MgB2 strand and Rutherford cable

Strand provided by Columbus Superconductors

Diameter 1.13 mm
Num. of filament 12
Max. Strain 0.24 %

MgB; / Cu Ratio 10% / 11 %

Rutherford Cable

Twist pitch [mm] 450 mm
Number of strands 9
Dimension [mm X mm] 5.26X3.26 mm

Packing Factor [%] ~100 %
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28 124 120
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Fig.1 MgB2 Rutherford type conductor and strain
distribution in R&W test coil.
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Fig.2 R&W test coil and experimental setup
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iﬁ(Z), (3):}:@, jmmax D Fstab {Kﬁll\iﬁZ*ﬁ“@ﬁ%Li, %b Y Fstab i
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DAL, FlBAR B LT E RO N jmmax O FEHEE )3
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PUEFRATRE K2 THIL, BETELAREMES RIS,
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Nb-Ti
quench detector
- Iy (A=0.26 mm x 0.26 mm, /.=180 A@4.2 K, s.f.) y |
3 X

Polyimide tape T“ mm ,

(w=4 mm, =35 pm) 1000 2000
1.=0 A (degradation)

REBCO tape:

(w=4 mm, t=95 pm , /=1350 A@4.2 K, s.f.)
*w: width, t: thickness, /.: critical current **Any thermal resistances are not considered.
***Operation current in REBCO tape is from 0 A with 1 A/s.

Fig. 1 Assumed model for the sensitivity analysis of jmmax

: ‘ 4.0 : e
" [ Cogpt frum0320] g [7 e T
05 F-—aly A A . - = with Cu (eq.(4))
}}appro‘ximated )| T30 e with CugoNin, (e.(4) ||
Toal | A =sas(m)yenz Los e
-~ w/o stabilizer™« 220 g ®
e T L= IS S N _
o |
o
02 |- e .
with Cu (rye=0.1-2,0)
0.1 e
1 2 3 4 5 .
logyo(/Ty) [-] Fstab []
(a) 10g4(/1,) vs logyo(/T;) (D) Fetab VS Jmmax
Fig. 2 Result of the calculations
& K
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HTS MRI magnet equipped with electrically conductive epoxy resin for quench protection
—Development overview—
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TRV B I ORI ORRGERE L2 E 2, £ 500 mm
TH =88 BB RIp D r—Xaf Ve FNEh 6 4
JE. 16 fifE. 28 #fgLiz 3 MO 2=vh & 2 057D
MRI A7 D REBCO A NWVERIELTZ, N —FaA i
TRIAZEHZ T TOBEBERBRTE 100 HIZHEESLA N L
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Eo20 |
™
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0.00 , . [] . ,
0.00 0.10 0.20 030 0.40
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Fig.1 Two—dimensional axisymmetric drawing of coil positions

Tablel Specifications of coils

Coil #1 #2 #3
Inner diameter mm 500 500 500
Outer diameter mm 565 559 591
Turns/pancake turn 156 140 217
Number of pancakes 6 16 28
Operating current A 238.6 238.6 238.6
Current density A/mm?  277.1 277.1 277.1

SE3H
1. H. Miyazaki, et al.: IEEE Trans. Appl. Supercond., vol. 29,
no. 5, Aug. 2019, Art. No. 4602805.
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HTS MRI magnet equipped with electrically conductive epoxy resin for quench protection (2)
—Over—current tests of stacked REBCO coils—
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Table 1 Specifications of a stacked REBCO pancake coil

Tape width 4.1 mm
Tape thickness 0.15 mm
Inner diameter 501 mm
Outer diameter 593 mm
Height 9.9 mm
Turns per single pancakes 217
Number of pancakes 2
Inductance 0.21 H
1.0  commmom— 150
/I -—Cou current (l)
Power supply =
currel ", é
0.5 b ..., a
S “1~Coil voltage (#1) R 100 £
o Coil voltage (#2) " hat
g 00 3
S Coil temp. (#1)” 50 <
05 Coil temp. (#2) =
8
——— 3
1.0 ===
0 5 10 15

Elapsed time (sec)
Fig. 1 Over—current test of a stacked REBCO pancake coil
with electrically conductive epoxy resin at 60 K.

05 "—“—T s, — Coil current () 300
00 / Power supply current 250 g
a
S 05 200 §
é} 10 Coil temp. (#1) 150 3
S Coil voltage (#2) | =
> ) <
1.5 ;/COII voltage (#1) \ 100 ot
--------- <
20 Liaczzzzzzzic 50 &
25 L —'\ Coil temp. (#2) 8

0 5 10 15
Elapsed time (sec)
Fig. 2 Over—current test of a stacked REBCO pancake coil

with electrically conductive epoxy resin at 40 K.
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HTS MRI magnet equipped with electrically conductive epoxy resin for quench protection (3)
— Simulation results of the over—current test of a stacked REBCO pancake coil—
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Ic
J\current, voltage

thermal magnetic field
analysis analysis

temperature field

Ic calculation

Fig.1 The flowchart of the simulation.
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Fig.2 The schematic drawing and the equivalent circuit of the
stacked pancake coil.

Tablel Specifications of a stacked REBCO pancake coil.

Tape width 4.1 mm
Tape thickness 0.15 mm
Inner diameter 500 mm
Outer diameter 591 mm
Turns per single pancake 217
Number of pancakes 28
240 70
235 1 pover suly= 60
Current .
230 A 50 o &
= Temprota S 9
T 995 | Temretature L 40 & =
2 _ 2C
5] . _ - 5 o
5220 - ; 3 § @
3 g5
215 1° ; 20 852
210 Coil Voltage / 10
205 0
0 50 100

Elapsed time(s)
Fig.3 Simulation result of the heating test of the stacked
REBCO pancake coil.

N
=
5]

[N-J
B N W W
S o ©o O

Current (A)
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o
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Fig.4 Simulation result of the heating test of the stacked
REBCO pancake coil with electrically conductive epoxy resin.
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HTS MRI magnet equipped with electrically conductive epoxy resin for quench protection (4)
—Fabrication status of pancake coils and a cryostat—
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Table 1 Specifications of single pancake coils

Unit No. #A(Center) | #B(Middle) | #C(End)
Tape width (mm) 4.1 4.1 4.1
Tape thickness (mm) 0.15 0.15 0.15
Tape length /pancake 261 233 372
.D. (mm) at r.t. 501.5 501.5 501.5
O.D. (mm) at r.t. 567.0 560.3 592.6
Turns / pancake 156 140 217
Number of pancakes 6X2 16 X2 28 X2

150 Ic(A) En-value

Ic (A), n-value

IR
R SRR NN

Unit #A-1, #A-2 (Center)

Ic (A), n-value

Unit #C-2 (End)
Fig. 1 Coil Ic(77K, s.f.) and n—value of single pancake coils
for unit #A (Center), #B (Middle), #C (End).

Fig. 2 Photograph of a REBCO multi coil for MRI magnet
equipped with electrically conductive epoxy resin.

H99M]  20204F A TR T4 - EHEES R



2A-p05

BIRERENZ &5 MRI D5 R E M 5T

Magnetic field stability evaluation of power supply driven MRI

NH F3f, Jbl B8, AH E2ER); #il #—, =l ZRACEEER)
UCHIDA Hayato, KITADA Satoshi, SHIRAI Yasuyuki (Kyoto Univ.);
YOKOYAMA Shoichi, MIURA Hideaki (Mitsubishi Electric Corp.)
E-mail: uchida@pe.energy.kyoto—u.ac.jp

1. [XL®HIZ

IR (LTS)MRI < 7% v MoEb - T, iU =
7 O EIR He Z W3 ICE M AIRE 72 &R 8 E &
(HTS)MRI = 7" %~ F OBHREBHIFFS N TV 5,

HTS-MRI = 27" % » N & RV THREREY ., 2L E L
Wt VED IV OO RENR S 5, L8 = A v
IS S D ERTER OB D R EB Th 5, Bt
B OFBIIKAERET— NIz AERIZBWTH R
TERWEO CERRENC L 2 EROMESMRERZRITW
51, Lo L, BROZEE NS EESE L RIET
720, BREREBRERNPERENS,

ARWFZECrx, MIEF RO D 3 BEOBRE H T
LTS-MRI % fihfs U, Wt DL EME L BB K EZFAN L7,

2. RBREE

FRIZII N vy SHIEE B R EIL, AT 7 HlEE R
TR, £ OOHIE) Nl A bE o m 2 E RS A
TL0 3 a7, M e BIRS AT M ER
PREBFARFF BB DNLKY, ozt Ex TEHT 5
&L:J;)D\ TH 2 =L — O HIRE Y ) B i 0D i 22 TE AL 203 W]
REThD,

3. EREME

£FEPEC LTS-MRI(114H)% 224.3A(1.5T)ET 0.07A/sec
CRIEL 714, 3 BERIERFEL . H 08354 NMR 7' — 7 Gl
BT, F72. 0A 735 224.3A £T 10A Z8I2 1 o IEHRES
—/LRL, RXU—=TF I =% CENHERERE L,
HE T JI13200V ZHMHAZFRDOASTIEHEH 1B DL
TR, Fig. 1 [CER B K %757,

Power  Power
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Fig.1: Circuit diagram of LTS-MRI
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Fig.3: Magnetic field stability
JbBESE T 200 1 REMZ TR 1, 1 Rl 5 2 IRt
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Table 1: Magnetic field stability

FE 1 AEEE T BEI I
FayX 1.53 1.66 1.59
A F T 1.60 2.07 0.733
Jab s R 0.93 1.06 0.73

WO EBIRIZIBV TS MRI OfERZ2 A A—D 0 F B
LEN5 1ppm/hour BL T, HAVMIZIUTIEWEZ EEE2 552
LINTETZ,

WIZ, A EIROE IR % Fig.4 IR T, 224.3A 123
FAHENERIT, Fay SER A0y T 7 &R, ERE
TR AREFEIRONEIZZ N3 5644W, 900W, 2846W., 1884W
Lot B EBIRY AT MU THI MR & E i
FZERZ DT HZETHE 1000W OHIERTE-, £/~ A
v T T EIROE DB RITAEFEROK Y5, Ray SER
DI 1/6 IR DI ENTET=,

6000 . |
. Eﬁj{‘ﬁ&% ‘-',
5000 ~ fE&F . ]
2 ALV TST . j
40001 o FoooS . 7
2 et
%3000 . )
- ~ i
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EES;;D;DD?DDDDDDDDD |
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Fig.4: Power Loss
HiEE
AWFIET ., ESLAFJE B S8 E A BT — 3L — RE TR &
B FEHERE(NEDO) D [ 511548 535 92 L AR EE B AT BR 3 | D5
IR S & L E kg~ 7 Ry N AT RS IT LD 2
FE AT R L2 D THD,

S5

[1] M.Yoshikawa et al: IEEE Transactions on Applied
Superconductivity ( Volume: 26 , Issue: 3 , April 2016 )
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Compressive stress dependence on the critical current property of the internal reinforced

Nb3;Sn multifilamentay wires using various ternary bronze alloys

ZM Bt BEREHh; MR Sk G, 20 e (B0 KRG TRD; Wik &

CRALR M), 4ait 5L (Dbt Hst)

HISHINUMA Yoshimitsu (NIFS); OGURO Hidetoshi (Tokai Univ.); TANIGUCHI Hiroyasu (OAW); AWAJI Satoshi (IMR, Tohoku Univ.);
and KIKUCHI Akihiro (NIMS)
E-mail: hishinuma.yoshimitsu@nifs.ac.jp

1. [FC®IZ

B’ G < misEREEA 135 NbySn #RM OBRZ B 1Y
(2, =R T AL O EERILICE DN~ R v 7 A8
{BLERFTL TS, I ETIZ Zn O In ZEVELT- Cu-Sn—
Zn K O Cu-Sn—In RITOWTHETL . Zn & OV In 1 NbsSn A=
FREVILBR S DR HPICI 2 FR AT L, (Cu,Zn) & ON(Cu,In) &
ERET AT DT L CTRM IR OB K OB 3R EE o1k
ZoRL, NERBE(L O FTREME DS BN AR5 7,

FIT AR TITH A O = e R 7T 0 XA 548% AWz
EBAHIR NbsSn M O KA BAFVEARZAE LIS & I HE
KRR T T DS E T M BT B JEME IS SR AE M 2 5 A
L, flixe D=7 0 ARG BEDOFIZOWNTIRET D,

2. REAE

AW CEAG L 7= = R 7 0y R A4k F = N6l
# A4 1% . Cu-10Sn-5In-0.3Ti (5.0In) . Cu-14Sn—2In-0.3Ti
(2.0In) KT Cu-10Sn-10Zn-0.3Ti(10Zn) ® 3 #pkEHEL
7mo F7o. Ll E LT DT m L RERA (16Sn) b EL
770 ZHUS DRI S A IOV T, 550°C X 100h+650°C X
100h @ 2 BEA LR AT 5T,

ENAVER 1% OO i FLB E I E 1 X B AL K S W R SR AR A
BB Z — IZH D RIS SN v — 7 % T, 4.2K
@15T DM CEFEI I EICTIE LT, Fig.1 ([ZEMER
HEMT v =712 BT ey v Ty 7 O 2R T, R
BHE 45mm TUIWTL . Mg EFE A Cu B L NEES
TEENENNAZFT LT, £Dt%, GFRP B2k
B4 DIEMEI A EINTE B - R S 2 L 12 R
15 7=, GFRP B ZEEE A 2 IO 8§ 52LT
BRGNS ) DS Al SHUBHERE I 220 TND, B4 L2 FIIN
SNDHEMEWENZLFEEMO kN a—RNE/UZTHIE
L. FVINEAVA AR 10X faf 2864 & GFRP S Zgk
DA AL (GFRP 28 O HEAE (3mm) X KA E
£2) ChRLIMEE LTz, /o R ERDITATIA U %
1uV/em OEEFHALL,

3. EEER

B O7 oy ZIEMIZEB VT, £ 30 MPa O JEAiEis 710
FInAse | BIfE72ER BRI OB L 3 RS, 100 MPa
DIETTTITEEA L LB L T 80%DER B L2 o7,
ORI, LARTOHSE L RO AB ZEE N [1], Fig.2
(Z 5.0In AEHT B EME IS STEUNRTHE O 1-V #ifard,
100 MPa O Efeis HEEIINLTh . (LA L HER B ED
AL LS e o7, LLRTOHE Tid, CuNb #isRiRe
\ZEWTI 100 MPa OJEAER /1T A fif & bl L TR 95%
OEF R ERFFEZRL T[], L EDZENE, =R T

1y XA AN LA RITRIL, JERMES TENImMZ kL TRE e
fitfE% 7R L, CuNb fsREDS BAF7efE FebiooTz, ZhUL, 18
FED @ E AR DS NbySn FHOJE PHIZPHT e ISR L TVVD
7= EBEZLND, AFEFKTIE, Cu-Sn—7n k& Cu-Sn-In &
DN DN THHE T LT ETHD,

Fig. 1 The sample set-up on the critical current measurement
with the transverse compressive stress.

Ll

- : . Y ! ’ . ’ i K = = 3
[ 10Sn-5In-0.3Ti [ f
| 4.2K@15T i

! 100 MPa
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50 pv

Lol

L

o 20 a0 e s
Transport current (A)

Fig. 2 I-V curves of the 5.0In sample at 4.2K and 15T with the
compressive stress of 0 MPa (un-loading) and 100 MPa.

HEE

AHFZEIL, NIFS & L7 vy =27 MUFFF036-1),
NIFS — fi% 4L [/ B 72 (NIFS16KECF017) . & OVEFBIF 2 (LA
(B)16H04621) D %= T T, £io, AL KM Emis e
& — Lo FEFFICTERS N,

SEHK
[1] K. Watanabe et al., AIP Conference Proc., 1574, p.186—
p.191, (2014)
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NbsSn layer formation through the diffusion reaction between Nb-Ta-Hf and Cn-Sn

FERTE ik (A HAE) ; AR KRR (LB, Wbiisss) ; & Il (=8 X)
BANNO Nobuya (NIMS); MORITA Taro (Sophia Univ., NIMS); YAGAI Tsuyoshi (Sophia Univ.)
E-mail: banno.nobuya@nims.go.jp

1. %5

Nb-Ta |2 Hf 2952 & T, @ By HEFFLIZF
£ . NbsSn flgebr 2k L, Layer LK ELLEES N
L2 EBNHWESN, BEHEEDTWD (1], RBFETIE
Nb—4Ta~1Hf OREEE, BESiSlhORE, T O MmN
TO L CTHER LB ZRAE L2, R\ T, Nb-4Ta-
LHE/Cu/Sn "CTHERR S A1 5 B O JEHOo M 2 FED N A
A1 NbySn #0EFZ AME L | NbsSn i ik A SEM. EDX, EBSD
DM B W U T D THRET S,

2. EBRAE

Nb-dathTa-lat%lf &4x1%. 7 — 7 BRI L 0 BRI L 7=,
B Ta WAL A 3000°C B A D EmAlR B TH Y, ok
ﬁ’ WIRSVE S Kok HoEREz BT 2 08NS

/*ﬁ&vvw A EZEH 1200°C CIa M LALEE L7- %%, i

~/1/‘ AT—V T JEIEMTIC XV AAR e v Rk
ONVEBSD 3 & /E#L L 72,

Z D Nb-4Ta-1Hf vy REBEHI L, © >y — AEEDOE
LB R EME 2 JIE T+ 5 & i, ARSI EELIE

(EBSD) 12 L v B AL~ v 7B L7z, D7
ML e L 7= Nb, 72 5 ONZ Nb-latd%Hf O ¥ 77— xﬁ;ﬁf“
HHE Lz,

hbory RERAWT, LFO@Y | 3 FEO g

HoeH 38 NbsSn BITERARHERAS % 5E L 7=, INRT.Nb i3 800°C,

Nb—1HFf 1% 900°C, Nb-4Ta-1Hf % 1000°C TlESL L 7=,

1. Nb/ Cu/ Sn-3.88Ti (at%)

2. Nb—4Ta-1Hf / Cu / Sn (at%)

3. Nb-1Hf/ Cu / Sn—3.88Ti (at%)

ZNHOFEO RN TE . NbySn i fahift « JEJE | Layer
Je \ZODWTHH 72, NbsSn A= R BVLER 13 460°C X 100h—
660°C X 100h—715°C X 100h T{T>7=,

3. ERERLER

Fig. 1 IZ&EB4&OE Y —AEEOREZELERT, Fig.
2 \Zi%, FEAE Nb—4Ta-1Hf 57— 800°C., F5LT* 1000°C £k
AL % (3h)  EBSD & S 5~ 7 %4, EBSD 5 B2k
AUE, 1000°CHT=005 FfE A B AAI AL, 1100°C X 3h THE
PRRIAIT 2, 30 pm R IR R L=,

Fig. 3 1%, Nb—1Hf 225 TNC Nb—4Ta—1Hf #pE1 50O W
GETH5D, Nb-1HF B B AF22 RN TIEE R L7203,
Nb—4Ta~1Hf #A4 1X Wi 233E 7 1 2R B —Th o7z, ZDJRH
LL T, Nb-Ta-Hf 2y ROFEEERIREDOIES D& MDA
—. 1000 COBEHRE N AR+ 3 ThHhoT= L7 ENE 2N
Z)o

Fig. 4 |Z Nb-4Ta-1Hf ##43808L> NbySn AE plk ZVLEL % D
& en AL A R 9, B ARAT & 8 U TR & 72 A db R R
160nm FEEETHY, Nb %:?H%ﬁ*ﬂrw 200nm _ttbfﬁ%ﬁ%ﬂﬂhé
NTOAZED RS, SOITHE S RRIZ I, *ﬂ%

BT DHTHIL CODZ EB RSz, FE AR i
LR FIT LAY = — = fb%‘ﬁ%,ﬁ;ﬁﬁfééo

1. S. Balachandran et al., Supercond. Sci. Technol. 32 (2019)
044006

ABFFED R JSPS BT #E JP18K04249 DBIp AT 72bDTY,

160 T
L Nb-41'a-1 I'I'l
140 * . ee
Nb-1Hf
120 Nb AA , . .
[ ] ,
A \
L Y Tl .
, 100 . Ag
80 & 4
i - .
_ com memem _
60 N
ks ~®@ - Nb-4Ta-1Hf i
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Fig.1. Vickers hardness of Nb, Nb—1Hf and Nb—4Ta-1Hf vs.
heat—treatment temperature.

Flg 2 EBSD or1entat1on maps for Nb 4Ta 1Hf heat treated
at 800 °C x 3 h and 1000 °C x 3 h.

Nb-1Hf Nb-4Ta-1Hf

Fig.3. Cross—sections of Nb—1Hf and Nb—4Ta—-1Hf composite
wires.

GS: 160 nm

N

Nano particle

Fig.4. FESEM image of NbsSn layer formed in Nb—4Ta-1Hf
composite sample after the final heat treatment at 715 °C x
100 h.
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Microstructure and superconducting characteristics of internal tin Nb3Sn wire
with Sn-Zn/Cu-Ti/Nb diffusion pair structure

ARH KRR (ERRZ:, NIMS), #H Wl (L&8X%) 5 8 F8 (NIMS)
MORITA Taro (Sophia Univ., NIMS), YAGAI Tsuyoshi (Sophia Univ.); BANNO Nobuya (NIMS)
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1. IZC®IC

JEAE, NbsSn k1 D 3513 2 BGHIKELRR B oD #F 52 A3 H 57
RO Twa, #HilZ21E Nb-Ta-Hf 2 Nb &
ELUTHWS Z 212 & 5T NbsSn & SRk o WGk 12
KU L 7= EDSRE S TWB [1]. A% T, Cu
8 O RFREIHNIZ & D NbsSn REMREDB S» S,
U \WIGHTAR OB 2 DT WB. 2 Z Tld Zn B
i, TR FIEIZDWTHRT 5.

Ti i 7w v Xz B W T &R % 1 E X+
DIRMMIBERLLTHONTWD., HEMEMEEIZEIN
X, Cu BMHANZEIN U 7235412 NbsSn & Sk A i
INBZeNmEINTNS [2]. LarL, WEAXE
FMIZBWT Ti % Sn TlE < Cu BMIZHINT 5 &,
WA RIS O X - I THED NS V2% X S5IZETF
IEBZEeNEREIN, £/ Cu-Zn Z2EME LGS
WZIE Ti EEENRKELSHREEINE R EDEBD S Cu
B AD Ti TINEHETH - 7=,

FHUIERDLS, BAXEHINTE2AET 57720
12 Cu B2 Ti 23U, Sn B5AD Zn wNZEFT S 8
U WHERL D NbsSn fthf 22 L CE 7. T E TIZT Sn
BAD 20wt%Zn OFM, Cu B AD 1wt%Ti OFIM
W2k B J. OKRIER A EEERLUZ. AZETIE, Tid
IR & B FE A kG AN DO 2 /AR5 7=
&, Snay, Nbity, CulMOZENFTNIZ Ti BMET-
72 NbsSn 7' AiERA % /ESY - 34 L 7=,

2. ARMER - RERFIE

A2 B 17 % NbsSn % S fp il RHE BRI 70 X7
WARY ZHEIZE > THEMUZ [3]. Sn A& LT Sn-
20wt%Zn &4 % AV, Cu ittt LT Cu-1.0wt%Ti %
W7z (SZ-C1IT#44). V77 v L v Afkt & LT Sn-
1.6wt%Ti, Cu-15wt%Zn % FNZF4 Sn &, Bkt & LT
FH\W7= ST16 #5442, Nb-0.8wt%Ti, Cu-15wt%Zn %
FNTHN Nb &, f#tE UTHWZ NTOS it 2 L
7=, URMESL%IE £ 3 550°C/100 W CRIFVLEL % 17
WV, ZDRIZEAEAELIE L LT 685 ~ 715°C/100 S|
OB %17 > 72, B2 FE-SEM, EDX, EBSD
I K B - i ziT->72. 7z, 10 ~ 18 T D4t
HREN ARG FI2 B W T 4 TiEIZ & 5 I HIE %2 4T - 7=,
I WEDEFHEAEIX 1 uV/em & U7z,

3. EREER

1RO J.-B Rt %2 7R3, ST kbt & kgL
T, SZ-C1T #5464, NTOS bt DREIZ & H - 7=, 2
IZ SZ-C1T, NTO08, ST16 D ZNZnd Sn, Ti D
TLEI YU ERT. ST16 fiM IZ LRI S & X h
TW5 ES51ZNb ¥ 7Ny KVSHE Sn-Ti tHZE L L,
Sn, Ti DB ZHET S0, ZN5DONMIFIARE—
TH5. — )T, SZ-C1T, NTOS8 ###+ Tl Sn-Ti MK
RITHEZRTE S, Sn, TiODAIFE —THDE. 2
Jo M EDREREREEZ 5NS. EBSD 2 HW\WT %
NEZNDARID NbsSn & G AL D FHa4E SRR, S5
RDT AXT NILDFHME 1T - 7. EBSD of &2 & &
NbsSn G AHLRE & BRI DM IZ D W TG HIZ
HRIDHTETH5.

AR D —ERILISPS B E JP18K04249 MBI % 32 (3
7=£MDTT.

SE B
[1] S. Balachandran, C. Tarantini, P. Lee et al., SuST
(2019)

[2] E. Popova, I. Deryagina, and E. G. Valova-
Zaharevskaya, Cryogenics (2014)

[3] N. Banno, Y. Miyamoto, and K. Tachikawa, [EEE
TAS (2016)
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Fabrication and third element effect of Mo—added Nb;Sn superconducting wires

A BETR, ki AR, /R Sefe CGRIER); BIEE (RAEXR)

HIMURA Koji, NAGASAWA Masaki, OGURO Hidetoshi (Tokai Univ.); AWAJI Satoshi (Tohoku Univ.)
E-mail: 9bajm038@mail.u—tokai.ac.jp

1. [FCHIC

Nb,Sn B3GR 1L, ERBERRMELT 10 T L ED
BRE~ 7 2y MRS TS, 2D NbySn 1%, 073
OB THBREREN LI CLEIMEE Z R > T A1,
LZAT, NbsSn ~DH§ 3 JLRIRINZL ST, ZOMBE RN
NRESEDLENFISNTND2], 2O, 5 3 THET
INMZE~7T NbySn #b ORBARERFEIC 5 25O T A R
BEZDENTEDAREMEZRIR L TUD,

ABFGETIE, NbySn A ~DEE 3 TR UM LD O A5
WOFEFE, 5 3 JTLHROPRIENRED A =X LR ¥i% B L
L. NbsSn #pA O/ERLEBRE RO, L0 NbySn fi
MW i ORI Z2 21T o 72, AHE TIiX, Mo ZIRIML7-
NbsSn #REAZAVERLL | VRSSO Frp b4 s U 7o il 21
WS,

2. REAE

NbsSn #441% . Powder in tube % AW CERIL 7=, —J71Z
ERUEAME 8 mm, N 5 mm O 2, AME 5 mm, WL 4
mm @ Nb & Z4F AL7-, Sn & Cu & Mo DIEEH KA Nb &
WZREDT,

670°C x 100 h DD H A, Sn DEZE Nb & 42K 753 Nb
JUBLEE 2 TERLIL 7272 . Nb & OIRRE SR D7=, Nb D
mol #IZ%F L, Nb:Sn=3:1 &L72, Mo I Sn @ mol #IZ%F LT
0.2, 1.0mol%E L THIZ 7=, & DFE OIRFESY 1T Cu Thii~ 72,
MIARFEIE D, NbsSn M6 OWriE O EAEA 1.5 mm IZ725F
TRBISITAL, BVLEEs 17,

800°C x 100 h OFIFEDEA X, Sn DE% Cu @ mol £
L. Sn:Cu=0.91:99.09 L7z, ZiuZ, AR O 7L TIX Sn &
ML BBLIRZIZ Cu EDOMLB N DIV, ZIVDERAS
OB RV I L CLEIMBER LT T2,
Cu-Sn DALEMEAED/2NED, Cu IZ%F7 5 Sn EIRIREA
22 WITHERL BI85, Mo 1 Sn D mol %L
T 0.5, 1.0mol%E L THNZ 7, By AR FRIED % . NbySn KA O
EOERN 1.5 mm (272D E TR S TAL, BULEA1T/0
77,

RINTEFTRDOIRFEE T DT80 | MERLL 78T LT
W~ AaTFTAY (BPMA) % VT, #bF I i OFELAS BT
ZAT o7, FIATOWIHEIL, Fig. 1 O XOICHERA L L TVD,
3 HERLEE

Fig. 212, 670°C x 100 h DA CEULIA L7~ BERAND
NbsSn #i#44& . Mo % 0.2mol%, 1.0mol%#ANL7= NbsSn #k1 0
% HBELE AR LT, ZOEEH 5 NbySn DA %
ML, MEFRANE Mo0.2mol% AL, NbsSn D RJE D
Y23 3 um, Mol.0mol%#sNNiE NbsSn O RED 03K 7
um BERTE T2, ZHED, Mo DERMIFEA D220 HF I NbySn 0
R EICHEE 5 2700 b LT AR S HLES N TSR]
BEMEDSHY | 2\ RIZIE NbySn DAERAMEES L TWVAE LL
1%, Sn OIEHAMEES L TWDATREMEN E 25N 5,

Fig. 3 12, 800°C x 100 h D& TEULELZ L7 IR D
NbsSn ikt & . Mo % 0.5mol%. 1.0mol%#RML 7= NbsSn s o
%I FELE 2R U, ZO M43, NbySn DA B2
FAL % &, HERMNIE NbsSn DRI D FEEAHK) 36 um,
Mo0.5mol% % I 1% NbsSn @ A JE O %) 23 4] 30 pm |
Mo1.0mol%#RANIE NbsSn ORI D 147540 10 pm FREEEIER
TETz, ZILED, Mo MIRINIESNAE, NbsSn DA kA PR3

DAFEMEDNE 2505, LdL, 670°C x 100 h OSMTi.
Nb;Sn DA FEAMEHES IV TNDE LLIE, Sn OIEEEBMEESIL
TWHEVIEBENTE-Z LD, Mo DU L EIL
IREEDS, Sn JREIZL - TELL TS AR B D LB 2 5
N5D, 5 BITHEDT-81Z Sn:Cu:Mo L& [FITIZL T Mo D
TNZsh Fe 5t 95,

Fig. 4 |2, Fig. 2 & Fig. 3 T/RL7Z Mo 1%/ NbsSn #iA4
D Mo iR LT, 2512 Mo 23R FTBIAT HHL TV A L912
H.2%, Cu-Mo OYRBER LY, Cu & Mo 1% 800°C LA FTIEX
JEET, Mo & Sn B ER RHNRNZEND, Mo BARDF
FTCHT L, NbsSn (ZHUA FNTOZRWATREMER S DL
Dol

Fig. 1 Cross sectionél view of NbsSn wires.
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A snicu
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z y g fie |
Nb Ao Nb g oot
o B o Tl o
= R < "‘l"". - . Pt

Fig. 2v Bac"k*scatitered elé’.-ctfori imaée 'of the cross section of
binary, 0.2mol%Mo doped and 1.0mol%Mo doped Nb;Sn wires.

Binary 0.5mol%Mo 1mol%Mo
~ Sn+Cu | - ] Sn+CutMo |
Sl o
o
o ‘!:i‘
Py o el '.“4 s " y
20 ym Nb 20 um Nb 20pm f8 0 Nb

Fig. 3 Back—scattered electron image of the clro‘sls ééction c;f
binary, 0.5mol%Mo doped and 1.0mol%Mo doped NbsSn wires.

1mol%Mo 1mol%Mo

*

¥
Fig. 4 Mo distribution in 1mol%Mo added Nbs;Sn wires with
heat—treatment of 670°C(left) and 800°C(right).
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N R NS = RIS AR e i s TN
B EMMERM G . M A A= T A — D %
U EMLIZHDOTHD, o, B E RS Ie T — et
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1. E. W. Ekin, Cryogenics, Vol. 20 (1980) 611-624
2. M. Suenaga et al., J. Appl. Phys., Vol. 59 (1986) 840-853
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Development of high—capacity superconductors composed of tape—shaped RHQT—processed
Nb;Al conductors and copper strips
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1. [ZC®HIZ
A IR R OBE K~ 7 2o TlE, VAV R&ITIH
EERHTE, FUKERAREGLEFE S LB L0 BLSRRY

TRV, (s TIT I N&TA L RIERNIEE D, F DA,

NbsSn (TR TOT BRESZPEA NS NbyAl B B ET
D, WEITIL, TEHGE NbAl B E I r—T A
LDy NEEE)T IR & T AV RIEIC I VBRI LT oA L H3 8
PE-RBREN, B RE2R sl ARFFE T, IRk
TERRA KOS BITHERE AN ) L L= A BE A - 2518 (RHQT) i
Nb;Al#RF DO R B BB~ HE B HRL, FrLiEoE
IRBRZEICE T L, HHRERORERE FMiL 7=,

KEBERTIL, 720 FBEORY FAR Y MNEFE &4
D121, 88 (F72E T NR) B EEBITEE LT g7
B2, 230, FILHRM R OB R AR LR T ML BN D
%, KRFZE T, B ET —RICT 5281280, ANy
T rimgEfh s, WEAR AT F T B A B R T DL
WVIOEEERET D, ZHUCKD, FiAFRYHERE VST
FREBLZENTES,

2. SAERBIRLEERRFE

LIRS RO W i Z 71T, 18 17 mm, JES 1 mm OF
AN 7O EIZ, BE 4.6 mm, X 0.2 mm @ NbsAl 77—
WA (2,3)% 6 B (i 3 #0) b7z, LT, RV THE
DTN TEXAES 1.5 mm OATU LA 2 o T A A
72, K 21X, BBEDOAL UL AREELSEATOTE THD,

£& 625 mm (TaA MEZERS) DEEE, 8 T ODAT Yk
A WTHRAL, SN 3 T 5 8 T TOY T FEW%E
RELT, 72 FERIL, S 20 mm OFEEZY7IZBW
T30 uV(A5uV/em#Y) UL ERALZ R TERLL,

3. EERHER

3N/ FEROWERRE T, BIRALREZ
25 A/s 5 500 A/s FTELIETHIE LI, BRI, BAt
1 KOEEFRET (23 T 735 14 T THIE) 2R ~SMF L7
FE SR THIMEE 6 (5 LI CHh D, KIEEE CIL, Tl
SNAME R BT ETHETE T, — 5, SIFEEE T,
1 kKA BERWERE T F LIz, 2L, 6 RO
HRAL L TR LS LA 80T [ O EE i 0D 56 A= 23 28
LTWbEEZBINLD,

4. BEEFLD

A Bl OB AAEIEE NbsAl BRI UE, BRSETD
BAbE e/ NRICINZ 72 36 KF BEAR R CE D MRS
N5, =LA EIORBERIL, b OEAZIT>TEST,
SHRDHLBENEHZ LB THD,

R, BIRIZBOT, M ERAT UL ARB LA RN
o7 MO R E B Z75 ZERE LT, FORER, FHE
W72, 5X10* S/m L RFEL O, ZOEE AW TEIKEET
BT R, ERThoTh, 7 FHEICHK D
DEIARN T ~DEFET TN A BE THDHIEN 3D T2,

]4 27 mm =‘
I — T 44mm
| A\ k\\ | +
\ S. S
Nb3Al tape x 6
Copper

Fig. 1 Schematic diagram of the conductor structure.

Quench Current (kA)
H

—o—25A/s

3+ —e—50A/s e
——150A/s

2 L —=—300A/s i
—+—500A/s

1L — — Short Sample x6 |

B(T)

Fig. 3 Measured quench currents at different sweep rates.
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Progress of ITER TF coil manufacture
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1. [ZC®HIZ

7B EAN A 5 B S B A (REAFAA  QST) 1%, ITER
W15 B ADENEEREE LT, ITER baAZ Vi35 (TF) =
A [1,2] (Fig.1: AT 1 {HZ&&H 19 ffl. AT, TF aA/v&
T )DL 9fHD TF AL, 19 fH4 DA L8 (CC) D
FHEAY LA, TF =AU, ITER OBEEaA L DH
T KO EEaA /L THY, 7o, BUEOHS EHik
WAL THD. HARTIE, #lafke SR 5EmMLTEY,
ARETIE, BAPHEL TS TF AL LI /LK D
RUEHE ARG T 5. o, TE AL ORUWETFNED FE%%
WZOWTE, [LEBRENZWV. £, FHEEGICOVW T,
[2)&Z STz,

2. EER

HARTIL, #7380 —% (DP) ORUEIZ DN T,
42 63DP DEMATE TLTCWD, £z, THRODPZREEL T
RS ALDBEHRES (WP) 1TV T, b BOBEASE TLTVA.
2019 £ 3 )b, ¥l 5HD WP & CC O— IR bIERICETFL,
2020 4 1 AICHEFUTIEBRIT T, TF a4 a5ElSdE 7. K
TF 2A /Ui, ITER O B Ef R O TSI e BT THERR
L7-##5THY, ITER BERED B. Bigot #tEEHLSINL, 2020
1 A 30 BIZFERELM TNz (Fig. 2).

A SR Bl A A4 2 C, 2020 4F 4 A 10 HORRG
T, ITER YA R~DEEFFL LTS, 728, BRINTI,
HARIZOWT, 2020 4F 2 A IZH S A SEASE TRY, 2020
£ 3 FCHE LIS A 1AM T TS, HADY EHEE
DL, BRI/ >TA. Fig. 3 121, HARDH S14%
BERERH O PHEITICIR AL 2L E DB EAZRLTEY, BN
DR SHEDRNBNAFE L TODZENSD. [l TF AL e,
2020 4 4 A HFICITER YA NMZEIETDH T ETHD.

F72. 2 FHEL 2020 4F 3 AICIXSERRLTERY, 2020 4 4
AHicHmENs T ETHD.

E9mE

4

Winding pack (110t)

Coil case (200t)

Fig. 4 Completed 2" ITER TF coil.

PIEOGIND
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IAVEZRTIBVTE, BINSY 6 B, B ARy 5 B0 fEA
SETLTNA.
3. FLEDH

HARTIL, 9D TF AV, 19 ka1 /L5 4s D A
WTUNVA. 2020 4F 3 B ST, 28600 TE aA L OBUEE T
Zside|  <yTyvp,
DPs

TRaA NV OEWETIE, Z2E T, fE, 25N, BNE

T DA— B 15T | HINAO R Z AR L7253
HEDOTHET. ZNHDA—=T DT INIEHH L ET.
SE R
(1) ITER TF= A )VREE S (R L7, 47(2012) 135-139
(2) ITER TF=A VRS AKIR T, 55(2020)(Ffa 1)

A pair of TF coils
Cover plate (CP)
Turn insulation_

5 regular DPs

_«Radial
plate
(RP)

Fig. 1. ITER-TF coil.
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Simulation results on shielding currents in ITER-TF joint samples
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1. [ZIL®HIC

ITER-TF 458 D8R LT MO0, Yafr 7
[12]DFREIIA—NVFE T EIOT, SR 2 A L W B
OREGEALZRE LT (1S 8) , B3R D 72
BIRITIRE T (DN THREE SN RL R D\ HDH LM
b, BB IRIEREE R D EE 2 DND, EEHlD
7o, A B TR BRI LSV — 7 (Loopl) &
BN ORKERIE Y FIZFAL DR A BV —7 (Loop2, 3) %
ZELZBREKET VE RO CER B RO 21772,

2. SHEAZLTERR

BEGH P R DR — L (BDICH B O KXW IER TV
— XS A L TSR ARV — T Th D, ZOE
Vi — T I O OEAEE 2 BTS20, £, [
FEARPUIEHRIRHL R D 4 (55 2 C, ZoRIEBIRH S S
WAL DS DRI E R E SR DAL o2 A%
WO B Z R R LTz, E2AN, BRI ERNEL, 22,
E—ZENENDIEND, B ERE RE L, 7—T LA
Ve Yy NCIC)EAR DO BHGHEG UL, Wikl N BNALY A D7
DIRERIE TORMAEELNZEND, 900 ADHEREHERRE
& 2 DRI m=2 DUAT NV BHEGEL, IHIZ, 1-5 K
DFERERIH AT CEEMED  1/500-1/100) LA EL THE
Tl —ATHBEET -T2, TORER, 2RO,

Rj o 1-m/(I+m) (m [ XEHOELL, [IXERM) 1
THERICTEDLZED DT (K2 28R), —F, SNBSS~
T Loopl OMUREMUIHELIINDEIEITEH AR IFI T2
DT, B A D) BTN D DR AIZE R
725, ZORHFAZEY Loopl OIEPT Ry IL 4R/D 4/3 (57225,

Loopl DEHEISELTHRED 12 # AWV CEHELIE R
OREFZK 317, m 2 KET DL BIERF ORI
HIFERNESRDOT, EAMEL KR THZEICEY m OFf
FHE R ETDHIEMNTED, Loopl DIHFTEDIE VY Sample B D
$ier, Loop2 DIRHL R IZH AR OB IR 7 NE VA2 iz k

Loop 1 Joint plane
: : N\
I Loop 2
N
= Loop 3 =
L] | 5 5
‘ ] 35
SN
a3
o| o
28
N N
S C)(\Cable

%4 (Hall probe)

B ;! Strands

Side View of Joint Sample Cross-section of Joint
Fig. 1. Set up of Hall probes on an ITER-TF joint sample and
schematic drawing of shielding currents.

Copper sleeve

3. F£&6

SIS T A VTR ITER-TF Yal b 7 /Uiciiinns
W ERIL, $EREl A B\ CHEERIZIEND Loopl LE(R
NDRAEIROE Y F IR DGR B Loop2, 3 & ELT-%E
REEET VTR THIENTED, T E LN O L
W2ED, ROZENGyIoT, (1) CIC EARDO B HUCIT BT
ERAFERHY, KBTI 12 5 1/4 £TEIRD, (2)
BEL S O FAR AT FEA 1-10n Q SHERIZ I, ST
BROMELIEA T 5, -, I/ NSWIRPTTHEML T 5%
X DFET DEB 2 6ND, (3) PO ERAEMRFNED
HEIZLY, R B SEDBES O B OB R E I
Loopl OEIEERFEHIVE D LEL > TNDEEZBND,

§ 09t /ﬁ&gﬁﬁwﬁ
o] [ V’T—-‘ -
3 08

[ g
& 0.7¢ z-&gi’/ ——Eq.1(m=5, Fac=1/2)
B : y "o —— Eq.1(m=10, Fac=2/5)
N 06F " S ---= Eq.1(m=15, Fac=1/3)
T =1/ ——1/500-250 (Ic=2 kA)
g 05 5 —=— 1/500-250-125
2 04—t s —— 1/500-300-200-100

TS —=—1/500-400-300-200-100
0.3 2278 I I T T T |
0 10 20 30 40 50 60 70 80
Current (kA)

Fig. 2. Calculated current dependence of joint resistance.
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Fig. 3. Calculated magnetic field for samples A (a) and B (b) in
comparison with the experimental data.
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Installation of Central Solenoid for JT-60SA

FE Bz, TR BE W% Bo, RE =B VR, BCR KRS, T SCE,
M fli—, fAok RICEDD); S E&, Brx —% (C5EER)
MURAKAMI Haruyuki, TSUCHIYA Katsuhiko, KAWANO Katsumi, KIZU Kaname, [TASHIKI Yutaro, OKANO Fuminori,
YAGYU Junichi, MATSUNAGA Go (QST); WATABE Yuki, NOMOTO Kazuhiro (Mitsubishi Electric)

1. [ZL®IZ A FEhEL72 CS OIEZATHTEH-T, JT-60SA (ZHWS

MR & B A2 [/ TR 2 D TWOD M~ 7 B G A
FEEREE JT-60SA 1T, 3 EOBE LA LBV S, 18
DA Z NAEE(TE) A ATER N S EZ S L, s
L /AR (CS) BL 6 DO NFMREGaA T B AR RUYEAH
B[], ERLIEaA NV OIRZAHTERED A AR EEL 7=,

NAHETOBBEBEIANVLOMIBNLTHE T Lz, BEEaA
JNCERE MG T 2B EBEEER I —F 0 —~< Ly —L
R 7944 A& 28 JT-60SA DFLISETIL 2020 4E 3 A %
TIZE&TRE T L, 5t 77X IEIRIZMITC, EEaA
NOEHHIRE %Fﬁﬁéa‘é%ﬁf&;éo

AFEF T, CS BLO TF a4V O~HERMERK BB IO
CS DFST AT ICHOWTHET D,

2. CS ETFAAILRED VTS AFER

CS 1T JT-60SA N~ DH LN E SN DR T, 18 #
D TF aANVER—F RIS AL T RIS D L
EROM 2RI DIz, EEASIRA LML THND, JT-
60SA OEHEFIZ, CS & TF a4 /Ud 7 —7 DB HEWIT
IDEXBIFTMOEFENELD, FDT-, CS & TF 24 /L
ITEIRRF O L TEEE B LTV T 70 Al UASL TD
MFERBD, 22T, CS OFFARNZ CS DIAEBLONTE =21
NONEEOHEEFHIL, ZV7T 70 ADMEREIT-T,

AIREFREEZ HWTIREERIT OB R, 7—7 L%
fri%. CS TH AKX 1.5 mm TF A /AIZHEEL , TF 2L T
&K 3.5 mm CS NN ZAELD, ZHUTiz T, CS iz

T EFOREREZE 2.0 mm, CS #MAE TF A /WA O
HFEEZEOAE 1. mm 2&fEL. 2 T8.5 mm LA Eos) T

T AR L TR DD,
CSIIL—Y = T h—%HNT, 9 ARDFAT L — M
WCRILEET1A 7 258, JAJ710) 3 S OEFE 189 s, BLUOW
PSEAERD 104 FOWEEIT-7 (K 2), TF aA/iFL—
‘H‘—Zﬂ’r’rﬂ‘%ﬂﬂb‘flﬂﬂﬁ BOWEEAToTe, ZATL
— IR O ERREM 3 12771, CS | i{ﬁu/usz%'% Tz
T, CS Pl DR EREZE (2.0 mm) BLOMHEEZE (1.5 mm)
® 3.5 mm#% LIS (FATL—hZ ;t7»—773&:;52§1i
IZAETeW) | TRFaAWERIERSIZINA T7—7 28D
AL (K 3.5 mm) &5\ efE R LTz, 2Ok R L0 iEs b
ZE b CS & TF A VDAL 72U N 2D I BE IR 7 ) T 50 A

PR TETWDZEN N BT, FIFRICMOZ 7L —

RS L ONAEEE AT SN TH 27U T 5 AD S AT, 4 Fig. 2 Measurement points on CS tie plate and He inle

CORCUIR VT T AR CETNB LA TR, 1070
3. CS MHAIL. BRI :
CS O CHEFHIB LIRS B/ T 7.0 mm > (1060 S 5

BTV 7 AL, RIS €5 B SIRIET G el eerer
DOIEEED 6.0 mm (54l 3.0 mm F0) LT, F7bHiFA 2 R B S 7
DT 5278 4.0 mm BL_E725 X512 B0IA R OB EH €050 g ol g e .
HeHAT T, AN TIRABHZ CS & TF Ol L4 : g 8
A BT, CS DJEPEICAF 80 HFF OBl — %2
BT, X TCS FEnbL—F—rT7oh—%HWT TR = [cs center

AVDFDIZ CS BLELTD L& R IFHER L7272 DRRA 1040-4000 -2000 0 2000 4000
1TV, CS & TF aA L3z i35 IO MR A LB Z L7 Height mm
CS A ES A LN CET, B BBICER LT~ E DR Fig. 3 Clearance between CS and TF coil
B CS ORI, AKFEHHET 0.6mm (HIEEfE: 2.0 (TF17 sector (tie plate sector))
mm) , FHSF T 1.2 mm(BAEE:2.0 mm) . FEEE 1.6 mm SE Xk

(HHEME:2.0 mm) Z R CE=2 L8 LT, 1.'Y. Koide, et al.: Nuclear Fusion, Vol. 55, (2015) 086001
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Elucidation of the cause of Ic degradation of high current HTS conductor (FAIR conductor)
and its improvement
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1. [XC®HIZ

R AR FE AT Ol R A FE BRI S3E H RTRE e K
ERAEOEIRBEEMHTS) B K RaA /L ORI E
HDTVB[1], HTS OFE N LT @V R ENEL S B
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%, ZOFAFEAREL T, REBCO T—7 MM EmtifiE 7 13
=LY —NERHICHERBL, BRI O T V=0 A5 4
BOWEIZAN,, FME BRI S TG LB T &
TEATAT Db T O D — B L 2 X D720 IER I
BOEMZ CTEYET 28R BRL WD, BEEERES
(Friction stir welding: FSW), 7/ 2= A& &8 78 (Aluminum
alloy jacket), 4% #(Indirect cooling). REBCO f&f@7—7
BROBESF 2 &7 FAIR AR DBHFRBUC DWW THRET S
2. FAR 2O R ERRIK R

FMEL WD FAIR BIROWEAIES Fig. 1 Z£IRT, I8
4mm, JE# 0.1 mm 0 REBCO T — 7 fA R 251~ ik
(AR AN Z T BRI 72 AR b L7252 X 0.5 mm Bl
TAR=T LY — e MICHATI0BARE T 5, RIETIE
REBCO 7 — 7 #UEHEER O LA, HiE, FRIO6KDAEL,
MOFIIIAT VAT =T DX I =AM LTz, S5
12mm DT A= AEBHBOIEH D FSW FF, BRI
Vo F R B S EEOES In OERERY T L%
BUEL , AR P CEERBRE{To7, EBRTIXERICR
VEMZIZFHZ REBCO 7 —7 MO A E ik (o) Fr Bk
LARWEREEZHONNITHIEEHIELTD, SOz o FF
TEOBITIRV O BRI VLY TV OREZE N K ELSE
NTEY, IOy T OREO E 'L TE e o7z,

ZZCHERORERSE R LS G570, Fig.l AICkiE
M%7 IS EREE T L= A — b DL B A A DEE
FEHED 0.1 mm FTHTHEIIT, JEL KL OIEZEORE

Friction Stir Welding
FSW)

High purity aluminum sheets

Stainless dummy tapes

REBCO tapes Improve

Groove
8mmx6 mm

Aluminum alloy jacket

@12mm Secondary

winding
High purity aluminum sheets with high accuracy

8 mm-w, 0.5 mm-t =8 mm-w, 0.1 mm-t

Fig. 1. Cross section of FAIR conductors
(left: first trial, right: second trial )

FEIE A1) STz, miEIEFERRC REBCO 7 — 7 Ui O
A R, FRlo6RDIRELTZ, 22T, REBCO T—7##
O0MAETEATDE, T 20 K, Bl 12 T T12.5 kKA DK
IR B RN T HZENTED,

TNI=T WEBWHEEIRD FSW Stk BED Ie 1k
R RESEET HIEDRHOLNIT /2o T2720 FSW O —
MG, BEA SIS ORGELETT 272, 1 BIHOD FSW Y —
AR 2 [Bl H ~DE T T, FSW OB H#TH O
N BRIEL T, vad —EOERE /NS, 2 [BIA TR
TOFEBFEFTIL, Ic ©FHIE 2 FILLFICix 6Ty,
B2 FSW e b Lz 1 s/ misn 32 7 /LT,
le HALDRLIRNERE RMFHNT, LvL, RIGfT 2[E
H5/m DIRVEINZI2LZ5, FSW SRIZEINBS AL, FSW &4t
DR E DBV ETHLIENHLE STz, ZHHD
FBRAERICHEASE Lo HILDOJREIZOWTHEE L, BARRE
IRFIZ REBCO MDD B I L IR ERIREETON
HIRFO B AR O BUHE 2 2212 LD R FTRY 720G S5
D 2 BBEOBIRENZ DK THHEE LU, 2D R% J.
Phys. Commun.7% TREERL=[2],

2 FIHG 3 B H O —/LIEROZEE T, e i
DFARE KL, XVHRE R FSW M T258912L7z, Fig. 2 12
By FBEARE 1m %720 3 [lEsE L CRAIELTZ FAIR #
ROWH i 55 K VNERE T ORYO G Hi /T, B8R

Fig. 2. Prototype FAIR conductor (twist pitch: 3 turns /m)
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AC loss properties of the model conductors consisting of stacked HTS tapes
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REBCO #paEEMRsE L Ty A AN L - SR A TS
TWB[1], ML BERWICERINDTZD, ~7 XD
JbIRE IR, ERAT U AR EIEGH R FRIRFIC R AT
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Fig. 1 Measured loss properties. (a) Hysteresis losses, (b)
Coupling losses, where horizontal axes of (a) and (b) represent
perpendicularly components and parallel ones of the applied
magnetic fields to the tape face in the sample, respectively.
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Heat generation of copper wire bundle under pulsed high magnetic field at 4.2 K
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Fig.1 Waveform of pulsed magnetic field and relative
resistance variation of Cernox thermometer
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Fig.3 Thermal flow model: x denotes thermal conductivity.
C denotes heat capacity. Q denotes heat input.
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Observation of pressurized liquid hydrogen under depressurization
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Table 1 Experimental conditions under depressurization.

Test# | Liquid Set press. Depress.
conditions [MPaG] | speed
runl Stratification 0.2 High
run2 Stratification 0.2 Medium
run3 Stratification 0.2 Low
run4 Saturation 0.2 High
rund Saturation 0.2 Medium
run6 Saturation 0.2 Low
run7 | Saturation 0.4 High
rung Saturation 0.4 Medium
run9 Saturation 0.4 Low
runl0 | Stratification 0.4 High
runll | Stratification 0.4 Medium
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Fig.1 Experimental results of gross evaporation of
pressurized LH, with set pressure of 0.2 MPaG.
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Measurements of temperature, pressure and evaporation rate of cryogen

under horizontal vibration
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Characteristics of foil strain gauge at low temperature for development of liquid hydrogen flowmeter
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Fig. 1 Experimental result of foil strain gauge
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The geysering phenomena with an abrupt contraction pipe in saturated superfluid helium
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Fig.1 Schematic illustration of abrupt contraction channel
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Study on enhancement of natural convection saturated boiling heat transfer
on copper sphere surface using low thermal conductive coating layer

B BR, RALR S (E)IR) ;N EF, KB B @i
HIROTANI Toshiki, OHKUBO Hidetoshi (Tamagawa Univ.) ;IKEUCHI Masamitsu, ONO Ryusuke (MAYEKAWA)

1. [XC®HIZ

B SR AR IS I B DM EEOUER LT, &R O
O B BVRE I ITBHE D IO KBRS O E W BT
LTI EMEAEE T D, THEVE D XTR A EEIEN
LHRNEBE ARSI 5203 R THS. K
FZE T, MEEMRIROMAZETEL, SHEkE m IR
HEOWERE R BRI AR IR E R IIRIE L T & Z DM A
BRI LT,
2. EBREEBLUAE

ABFSECIE, B 25mm O MEEERENERE VTl A=
BRaAT o7, SRERR M ILBE (1 L 24TV, KR Lok
— VRSN TS IS 21T o 72, SRERDIEE 1L, F[Mes
0.1mm @ K BIENVE A W, SR OOIRERHIELT-.
Fig. 1 \ZUBME /A EN EEREEE OB & 7R U7z, S ER{RZN T % Ff
TE DR E NS IR E T CIRIERHISE, REKRERD
FAFNRE /D FCORERBIEZHE L. BBV mOIREE
BRI T —Huf—IZkoTRadkL, ML PR THEPEVEECR
IERUZ L TR R g (W/m2 & k7.

1 dT

q=3rpCp O]
ZIT, e SR [k]/(kgK)], riSRERERE [mm], o :$HER
ERE Tke/m?], TnBEIRE (K], v:FF# [s]THD.

)
) ®I

(DCold Light @Dewar bottle @Copper Sphere
@Thermocouple ®Camera ®Data Logger (DComputer

-
o

¥

Fig.1 Experimental equipment schematic
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Study for continuity of cooling operation of SPICA cryogenic system by adding refrigerant

circulation system
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Development of liquid hydrogen cooling system for a rotor of superconducting generator
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Fig. 2 Measuring equipment of
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Table 1 Magnetic field at the center of the simple test equipment
No Shield | Pure Iron |Permalloy| ESS

Analysis 0.647 T| 0474 T| 0.503T| 0380 T
Experiment 0.65 T 045 T 053T| 035 T
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Fig.1 Concept of coil cooling assist using magnetic
refrigeration technology by magnetic shielding.
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1. INTRODUCTION

A step piston pulse tube refrigerator can be considered as a
modification of an inertance tube pulse tube refrigerator with a
step piston compressor, whose step piston generates additional
expansion space connecting to the buffer to recover the
expansion power. Its theoretical efficiency is the same as Carnot
efficiency. It could be effective for deep freezer due to its high
theoretical efficiency. The matching of the step piston linear
compressor and cold head is important for the linear compressor
fully power output in a pulse tube refrigerator'. A numerical
model with step piston type linear compress is made to simulate
a step piston pulse tube refrigerator, in which how the linear
compressor matches the cold head is shown. It could be a design
guide for the refrigerator.

2. STRUCTURE

Figure 1 is the schematic of the step piston pulse tube
refrigerator. The linear compressor has 1 kilowatt standard input
power with piston diameter 100mm and spring stiffness
150N/mm, and piston step ratio 0.5, which is the expansion
space cross area over the total piston cross area. The coaxial
regenerator is @70 X 50mm, the pulse tube is ® 40 X 110mm
with wall thickness 0.5mm, inertance tube is @ 18 X 1450mm,
buffer volume is 1 liter. Room temperature is 300K,
refrigeration temperature is 180K, charging pressure is 2.5MPa
with helium gas. Operation frequency is 100Hz.

1 H _i>

Figurel Schematic of step piston pulse tube refrigerator
1.linear motor 2.step piston 3.expansion space
4.compression space S.after cooler 6.regnerator 7.cold
heat exchanger 8.pulse tube 9.inertance tube 10.buffer

3. DEAD VOLUME EFFECT

In general case, a linear compressor should work at
resonant point with rated current and displacement for fully
power output with high efficiency. When the piston diameter
and spring stiffness are fixed, dead volume between piston head
and after cooler can be changed to adjust the current and
displacement. For each dead volume, there is a piston weight to
let the compressor work at resonant point.

Figure 2a shows the refrigeration efficiency versus
inertance tube length and dead volume which represented by the
static distance between after cooler and piston head. The
optimum length of the inertance tube decreases with the increase
of the dead volume. In ordinary inertance tube pulse tube
refrigerator, the optimum length of the inertance tube is almost
not influenced by the dead volume. So, with the increasing of
the step ratio, the dead volume becomes a stronger parameter
influencing the optimum inertance tube length. The cooling
power is shown in figure 2b. The optimum length of the
inertance tube is a little shorter than that for the optimum
efficiency. With the dead volume increases, the piston mass,
current and output power decrease, the displacement increases.
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Figure 3b Mass and output power

4. CONCLUSION

Optimum inertance tube length was influenced by the dead
volume. With the increase of the dead volume, current, mass and
output power decreases, while displacement increases when the
piston diameter and spring stiftness are fixed.
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Fig. 1 Sn distribution mappings on the cross section of the
NbsSn wires with some heat—treatment conditions. (a) cross
sectional view of the wire. (b) before heat treatment. (c)
after heat treatment at 500°C X200h and 650X200h, (d)
after heat treatment at 580°C X 200h and 650 X 200
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Fig. 3 Sn content at various positions in the NbsSn wire with
heat—treated at 580°C X 200h and 650 X 200.
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Fig. 2 Sn content at various positions in the NbsSn wire with
heat—treated at 500 °C X 200h and 650 X 200h
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Table 1 Parameters of four kinds of NbsAl Strands.

K1 K3 F3 F4

Wire Diameter (mm) 0.99 | 1.00 | 1.00 | 0.99
Filament Diameter (um) 36 31 38 35.8
Number of Filaments 222 294 222 276
Cu/non—Cu Ratio 0.94 | 0.98 1.0 0.61
Interfilament Matrix Ta Ta Ta Ta

Central Dummy Material Nb Nb Ta Ta

Outermost Skin Material Nb Nb Nb Nb
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Fig. 1 Stress—Strain curves at 4.2 K for various NbsAl wires.
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Fig. 2 Critical current as a function of tensile strain for
NbsAl wires at 4.2 K and 18 T.
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Fluorine-free MOD processed REBCO thin films
grown on SrTiO4(100) under 800°C, Py, = 10Pa, 1 h

followed by O2 annealing at450°C
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Fig. 1 XRD patterns obtained from /26 measurements of FF-
MOD processed REBCO thin films with RE = Nd, Pr, Sm,
Gd, Dy, Y, Ho and Er. Dashed lines represent 00/ peak
positions of NdBCO, which clearly exhibits gradual
changes in c-axis lengths with ionic radii of RE.
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Table 1. Analytical conditions

Critical current density at

8 2
the domains oo ¢ 3.6 10 A/m

Conductivity at the
) ) 1S/m
junction 1 P

Critical current density at 2

7
the junction 2 /o junc 9.0x 107 A/m
Kim model parameter B, 05T

Domains (R X-1>)

~ 20
20 0 Junction 2
Junction1 ™ (EZASEB 2)
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Fig.1 A schematic view of three—seeded YBCO bulk
superconductor
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Fig.2 Trapped magnetic flux density distribution on the
surface of the bulk superconductor along the x—axis
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Je distribution measurement in TFA-MOD processed REBCO thin films
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1. [IL®HIZ
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Fig.1 (a) Magnetic field distribution and (b) critical current
distribution measured by SHPM.
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Fig.2 ESD map of element distribution in REBCO thin films.
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Comparison between TapeStar method and inversion analysis of Biot—Savart law

for the derivation of local critical currents from magnetic image
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Fig. 1 Experimental sample (length 50mm, width 12mm)
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Fig. 2 Scanning Hall probe microscopy, (a) measured
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Development of Measurement Apparatus for Angular dependence of Critical Current

under the Tensile Load
A AN, NE e CRIER)
ISHIZUKA Kimito, OGURO Hidetoshi (Tokai Univ.)
E-mail: 0Ocajm004@mail.u-tokai.ac.jp
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Fig. 1 Picture of small measurement apparatus for mechanical
and superconducting properties at 77 K in magnetic fields.

Fig. 2 I[ZEEE DT AT AOWME M Z R LTz, 5IEVRERE
RIRER P TIT VDD, BRAE AW TG ZHIINT 5, 2
DR CEM A Z RIS L2 CRES M LRI % | i E
TROMTENFRETH S,

I_D_|
Load ceII—-—Ej
JJ_ -
Cryostat—
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Fig. 2 Measurement system for
dependences of critical currents at various magnetic
fields and magnetic angles.
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Fig. 3 Stress—strain curve for GABCO coated conductor at
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Joint between NbTi-Bi2223 Wires using Superconducting Solder (Pb—Sn-Bi)
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Fig. 1 I-V curves of NbTi-Bi2223 wires jointed by
Pb/Sn/Bi=50/20/30 solder.
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Fig. 2 SEM photographs of NbTi and Bi2223 wire jointed
by Pb/Sn/Bi=50/20/30 solder.
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Fig. 3 Decay curves of induction current of 0.1A at 4.2 K.
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Shear strength analysis of indium lap joints of REBCO coated conductors using the v—notched
shear test approach
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1. IZL®HIZ

Segmented fabrication of superconducting magnets for the
manufacturing of large and complex coils has been proposed
for the FFHR-d1 helical fusion reactor designed by the
National Institute for Fusion Science (NIFS) [1]. As a primary
option, the joint-winding method which consists in joining
segments of Stacked Tapes Assembled in Rigid Structure
(STARS) conductors by way of lap joints of REBCO tapes in a
staircase—like structure called the bridge—type lap joint [2, 3].
These lap joints feature an indium thin layer that acts as a
bonding agent and allows for a simple fabrication process
where only pressure and heating (90-120 °C) are required.
Furthermore, shear strength of the lap joints is an important
requirement for validating their applicability. In previous
studies [4], the authors evaluated the shear strength and
failure mechanism using the single lap joint method. However,
it has been noticed that this kind of test induces a non—uniform
shear stress in addition to peeling stresses concentrated at the
edges of the overlap. Therefore, in this study the shear
strength and failure mechanism under uniform shear stress of
a single In lap joint using the v—notched test is reported.

2. EBAE

The REBCO tapes used in this study are the SCS4050 by
SuperPower Inc. and the 2G HTS tapes by SuperOx Japan
LLC. First, the REBCO tapes are attached to two SUS anvils
using Cemedine® epl38 epoxy. Next, the Cu stabilizer
surfaces of each REBCO tape are brushed with sandpaper and
then cleaned with water followed by ethanol. Then, a cotton
swab impregnated with Hakko’s Sussol-F® flux in order to
etch the remaining oxide layer on the surface of the tapes.
Finally, the flux is removed with ethanol. The same cleaning
procedure is done for the indium foil of 100 u m thickness.
Then, a compressive load of 100 MPa is applied to the sample
assembly using a stepping motor equipment and the jigs shown
in Fig.1 (left side). While the pressure is kept constant, the
sample is heated up to 90-95 °C for 30 mins.

The cross—section of the assembled sample setup is shown
in Fig.1 (right side) illustrating the v—notch where the lap joint
is located. A load in the downward direction is applied using a
stepping motor, and a clip-on gauge (not shown) is used to
measure the displacement.

3 ERLEEE

A single preliminary result showed a maximum shear stress
of 5.66 MPa as shown in Fig.2 (left). This is much lower than
the results obtained for the single lap joints, and the failure
mode was cohesive, i.e. the indium failed in shear. On the
other hand, the results from a second test shown in
Fig.2 (right) yielded a failure load higher than the first
experiment, and the failure mode was different, corresponding
to delamination of the SCS4050 REBCO tape. These results
correspond to preliminary tests using only one type of REBCO

2) V—notch test assembly:

1) Joint Fabrication:

REBCO
Indium

V-notch

Heaten

% é holes

Fig.1 (left) Joint fabrication assembly, and (right) cross—
sectional view of the experimental setup.

. 0 M S SNt
0 200 400 0 100 200 300

Displacement [pm]

Displacement [pm]

Fig.2 Preliminary results of shear test using SCS4050
REBCO tapes.

tape, and since REBCO tapes are slightly different depending
on their manufacturing process, results might vary with it.
Moreover, the change in joint resistance with shear has yet to
be measured. Therefore, more tests have to be done in order
to clarify the tendency of the results as well as the parameters
governing the failure mechanisms.

4. FED

Shear strength of In lap joints under uniform shear stress

can be evaluated using the v—notch test. However, different
strength values and failure modes were obtained. Therefore, in
order to clarify this variation, further test results and analyses
are necessary.

SE Xk
. A. Sagara et al., Fusion Eng. and Des., Vol. 89 (2014), pp.
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4. L. Aparicio et al., Fusion Eng. and Des., Volume 136 B,

(2018), pp 1196-1201
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Fig. 1 Picture of REBCO tapes before stacked. The buckling
defects have been intentionally introduced by compression
testing machine.
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Fig. 2 Schematic diagram of the magnetization
measurement part.
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Fig. 3 (a) Experimental results of magnetization signals over
the longitudinal direction. (b) Magnetization signal waveform
at each position indicated in (a).
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Fig. 1. REBCO pancake coil with non-energized inner and
outer windings.

TABLE1 SPECIFICATIONS OF REBCO TAPE
AND COILS, AND OPERATING CONDITIONS

Parameters Value
REBCO Tape
Tape width [mm] 4.0
Tape thickness [mm] 0.096
Copper matrix thickness [pum] (each side) 20.0
REBCO thickness [pm] 2.0
I @ 77K, self-field [A] 120.0
Coil
Number of double pancakes 3
Main coil inner diameter [mm] 70.0
Main coil outer diameter [mm] 79.6
Insulator thickness between main coil and 10
inner or outer coil [um]
Number of main coil turns [turn] 50
Number of outer coil turns [turn] 5
Number of inner coil turns [turn] 5
Turn-to-turn contact resistivity [ulcm?] 70
Operating Conditions
Operating temperature [K] 10
Initial operating current [A] 500.0
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Fig. 2. Azimuthal current distribution of no-insulation REBCO
pancake coil after one pancake coil quenched (a)without outer
and inner coils, (b)with only outer coil and (c)with both inner
and outer coil.
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Fig. 1. New equivalent circuit model for conductive epoxy
resin coil.

1.0 T T | T T | |
08 N\ Conductive Epoxy Resin Coil —lll— _|
Conventional No-Insulation Coil = "r -

0 2 4 6 8 10 12 14 16

Time [s]

Normalized center field [-]
=
~
|

Fig. 2. Sudden-discharging test simulation results of
conductive epoxy resin and conventional no-insulation coils.
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TABLEI SPECIFICATIONS OF REBCO TAPE AND
COILS, AND OPERATING CONDITIONS

Parameters Value
REBCO Tape

Tape width [mm] 4.1
Tape thickness [mm] 0.167
Copper matrix thickness [pm] (each side) 45.0
REBCO thickness [pm] 2.0

I @ 77K, self-field [A] 115.0
Coil

Coil inner diameter [mm] 100.0
Coil outer diameter [mm] 193.0
Number of turns [turn] 200

Contact resistivity between conductive epoxy

resin and REBCO tape edge [pQm?] 30
Turn-to-turn contact resistivity of conventional 220
no-insulation coil [uQcm?]
Resistivity of conductive epoxy resin [puQm] 3.50
Operating Conditions
Operating temperature [K] 77.0
Initial operating current [A] 50.0
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Fig. 3. Azimuthal current distribution of (a) conductive epoxy
resin coil and (b) conventional no-insulation coil.
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Fig. 1 Critical current density J. vs. longitudinal magnetic
fieldB for longitudinal magnetic field. Symbol is experimental
result and dotted line is fitting result.
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Fig. 2 Current-carrying capacity I vs. longitudinal magnetic
field for one-layer conductor. Dotted line is design result and
symbol is experimental result.
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Fig. 3 Theoretically expected current-carrying capacity vs.
longitudinal magnetic field for three-layer conductor of the same
size made of coated conductors shown in Fig. 2.
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Short—current experiment of single HTS tape
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1. Introduction

Specification of the cable for power transmission line is
determined by the pulse width and magnitude of the short—
circuit current in the accident scenario. Therefore, it is
necessary to develop the similar standards for testing HTS DC
cables. The degradation of the performance parameters of the
HTS tape specimens after passing a pulse of large current
should be initially studied. Until now, we have conducted
experiments to pass 900 A, 5 ms pulses through Bi~based HTS
tapes with a critical current of 200 A. The new high—current
pulse source was created in order to systematically conduct
this kind of experiments. The test results will be announced as
the first report.

2. Short-circuit current test method and equipment

The electric circuit for the pulse experiment is presented
in Fig. 1. The capacitor C (consists of 4 items x 6.8 mF) is
charged by an external power supply with an output voltage
that can be set in the range from 0 to 200 V. For the safety
reasons, the capacitor can be discharged through a shunt
resistor (not shown for simplicity). When the switch NFB (no—
fuse breaker) is closed, the capacitor discharges through a
specimen of the HTS tape, causing the current pulse. Diode D
basically shunts the negative half-waves of the decaying
oscillations that appear in the circuit due to the presence of
parasitic inductance, however a small surge of negative
polarity remains.

oo

05

NFB 8

[(=]

@

/N —— =

g

HTS p c s
in cryostat <
o(‘D

Fig. 1. Conceptual electric circuit for pulse experiment.

During the experiments we used BSCOO HTS tape (/=180
A) manufactured by Sumitomo Electric Industries, Ltd. 7 cm
long specimen of the tape was cooled by liquid nitrogen in an
open cryostat. The peak current and pulse duration can be
changed by varying the capacitance C and the voltage of the
charging power supply. The load can be also increased by
increasing the number of current pulses. Taking into account
that the study was carried out in the framework of modeling
HTS DC cable, the critical current was measured several times
with slowly increasing and slowly decreasing current before
and after applying the series of pulses.

3. Experimental results

Fig. 2 shows the characteristic shape of the current pulse
that occurs when the switch NFB closes. In the described
experiment, pulses with the peak current of about 1900 A and
duration of about 0.6 ms were applied. Noise oscillations at

the maximum current are obviously caused by the bounce of
the switch contacts. It should be suppressed after upgrading
the test bench.

2.5

=
n

Current, kA
[=

0.5

Time, ms

Fig. 2. Current pulse shape.

The result of observations of the HTS tape behavior before
and after 10-fold transmission of the pulse current with the
abovementioned parameters are shown in Fig. 3. The n value
demonstrates a slight degradation of about 2%, while the
critical current /. remains practically unchanged. Obviously,
the current load on the HTS tape should be increased to obtain
statistically significant results.

4 R 4 T
€3 |---- E_ Before ___E S I E_Aftelr I ___E |
R ' lc=1952A c=1947A
= in=1582 | n=1549 |
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02 [ oo 2 e R S R
= N T
o Lo Lo
= Lo Lo
9 i i i i i i
w1l S R A 1 S R S B

0 0

0 50 100 150 200 250 O 50 100 150 200 250

Current, A

Current, A

Fig. 3. Critical current measurements before and after
short—circuit current experiment.

4. Conclusion

Transmission of ten 1.9 kA, 0.6 ms current pulses does not
cause a noticeable degradation of the performance of Bi-based
HTS tape with Z.of 180 A, although a slight decrease in nvalue
was found. In the next step, the measurements for a wide range
of currents and pulse durations will be carried out.

Reference
1. M. Tallouli et al.: J. Phys. Conf. Ser. 871 (2017) 012035
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Design of 10 kA class superconducting DC cable using longitudinal magnetic field effect
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Fig. 1 Structure of superconducting DC cable
longitudinal magnetic field effect.
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Fig. 3 Comparison of current value for 8 round-trip layers.
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Fig.1 AM — H curves at 40 K of Bi2223 tapes sintered under Po2

=2 kPa for 6 h at various temperatures.
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Fig.2 Stress — strain curve for NX BSCCO tape
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18, 152001.
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Fig. 1 Cross-sectional view of bare (Type H) Bi-2223 wire and
that of reinforced with Cu-alloy (Type HT-CA) [3]
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@ PIT MgBa #pF 12t LT, illE] & [AEk 7 i 5 72 0775 <R
EEEHF OIERL AR AT DO THRET 5,

2. RERAE

A EF AT PIT ¥ 7 M OBEEEROFMEE
Fig. 1(a)lorRd, REVLELD 7.8 MgBo/Cu FEHA (£ 1.2mm)
2 KO AR U A TROICEIN Lz, ZOB. 2 KD
Wb & S E AT, Mg-B 2 7 OALE (fiF) 23—
TLHEHICUW LIz, b OB E YN NAERD &
HSHIEH A VIR T U L RAEOEMMN HIRA L.,
W& —#l 7 LA CE L CEEMEE M LSk, 40
D 7 B OFAEEVLELGAETHS 600°C X Thr DOZALER
whie L7, SO 7lEESE RO % Fig. LOIIRT,

BRI IR N DR B I & 4.2K 2B W TSRk
TEMIL 72, BIED — RIEEHEBI T WRA R  1~ A f
L7, BRIE, HIEOHE L #i 0 R HEICHILE,
WIORE I TIT RO OBEft L [k —FBO B
MNEZEALINIFRINDTZOI -V I 7 o — B BNz,
ZZT Fig I(OITRLT2 LT, Bt 1L B 72O 0
— ¥y DR EACIE~ AT T A F — TRV TBE
o T | ZEBRSRNDLEINC LT, ZOXH LB Tl H
LEMMEECTITBLITRBOON 2 o7, L& 1uV OBJEN
FETHERCER L, ERETM L%, 825555y
OIS - AR A GRS CBlEE LT,

3. HBRRUBER

AT LV A T IO THHERLL 7= 8250 58 0 Wi i O L B 5
DOF% Fig2 (-7, 47 ETEANVTHPED — 20D MgB:
AT RERSTWNDEDORDNDHN, HERERIZE W T—# o
MgB: 7 4 7 AY MZETFTORXLURREO LN, ZOX L7
HA TN T Fe N U THMRTFELE L2 7291 Mg-B 7
Wa7y b CuZ@ bkt & AL T Mg & Cu &ERISL
TWADONRED LN, Zh b OREEIIEEEEBIZ B
TIRENTH Y | LIZRIETEBII SN EEZ DN D,
Fig 3 (TSR R TNT AT L 28 % IV CERLL - AR B g
FE0D 42K IZB1TFD I-B Ktz rnd, IO DIZ45 I O#HE
FEAERUC AV PIT B O 7 — bR LT, BEftlicAT v
ZERHALIEAS . NTYREH Db DOD, B I 1T
FRHT O I D 50-100% TR B IF B8NS DTz, 728,
AE D 7 WO L 1ZTHETO PIT 35 MgBa B &
FRRIZRE SR DB E I RERTFELINZEDVHID,

SEE AL, IST, KD AIEF ., IPMIMIITA2 O
XEEZTTEHDOTHD,

— 100 —

PIT 7-filamentary
MgB,/Cu wire(¢1.2) (a)

Uni-axial press

1 !

P4
Cu or SUS316 pipe t
b
Cu tube ®)
SUS 316 tube

Fig.1  (a)Fabrication method of a PIT 7-filamentary MgB2
superconducting joint. (b)Joints with Cu and SUS 316 tubes.

SUS316 tube

Fig.2 Transverse cross section of PIT 7-filamentary MgB2
superconducting joint after a heat treatment at 600°C, 1hr.

2
10 T T T T
Ic of superconducting joints fabricated
with 7-filamentary PIT MgB , wires
<
S10' |
g SUS316 tube
=1
o
©
9 N
5 \‘\\\(\)Nire(IIIB
0 L ]
10" | Wire(/L By,
2 4 6 8 10 12

Magnetic field B(T)
Fig.3  I.-B curves at 4.2K of superconducting joints of PIT 7-

filamentary MgB2/Cu wire. Ie-B curves(I L B and I |l B)) of the
wire are also shown in the figure.
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KOH Z& &2k 5 Ag % RE-Ba—Cu-0 [E#3{A% 4 L1- REBCO-CC DEEEEA
Superconducting—joint for REBCO—-CCs via Ag added RE-Ba—Cu—0O raw material
by supplying KOH vapor

A B, BIE K—, i R

ZAr, A+ (BIRKR)

FUNKAI Shuhei, KUNISHIGE Taichi, HORIUCHI Shin—nosuke, YAMADA Yasuji (Shimane Univ. )
E-mail: s—funaki@riko.shimane—u.ac.jp

1. [ZLHIZ

REBCO & E# 4 (REBCO-CC)lE— D #lE B 1T RS
NHHIEMNE, REBCO-CC [Fl:, F2IdBFED MR EHRA
L, G TR CREESDLITBEL S IT5H
WNMEARA R CTHD. LPLENSINETRESNET
B, EROPEAEVAFRHZAEL D REBa,Cu,0, (RE123)FH
DIEFERBEFIT-D DT =— L NUETH-T-. ZHET
oz 1Z, KEREMIC XD REBCO DIRIRAFIGL, 21%H
AL, AR EZ K TSI T, 7 =— VILH
EARELTHHEEESFEINORBEED T&lz. £L T,
REBCO-CC 2 EuBCO JEBIDEM EEE I, =7 VIR
PIZRT 525°C DOKERL AT AKOH)ZRZHF T 12 h
BSLERAATHZ LT, —RIORIRABRMIGZE-T 7, = 58 K
ORBEEESITRINL 23]

AW T, AL OVBEER O E2BEL,
CC MNZHeLo FEXIFBHT Ag ZURINL, DN RAMFEL 72

2. EBRAE

REBCO-CC Rz Eu-Ba-Cu-O JEBIOEMRE L., 4

BSOS B CHMAIZINEZ L7 IREE T, Eu-Ba-Cu-0 Ji
BHZ KOH ZK A2 461 EuBCO ~MEIRA BT K aaF)
LT, 220 REBCO-CC DG %R BT-.

REBCO-CC 2} SuperOX #:#40> 4 mm-w ® GdBCO-CC
PV, T3 em—0 DERBEEZ 2HEL, 2212 cm—0
o Ag BELBEALFTYyT 7 EVERELT-. Bu : Ba :
Cu=1:2:4,725J52f &L Eu,0,, BaO,, CuO OJEE}
FITZnL, 10, 30 wt.%® Ag ZERN-RAL, EE~200
um—t OFERMARITINE - FRIEL, Ag BrEICI->THEHLICL
7= Gd123 JERsl JJ%M‘: Gd123 / Eu-Ba-Cu-O JFBHER &
/ Gd123 OBEEERIIT, {n,\om./iﬂajj ZkoTHI 20 MPa
DRI jJ%:EWJuut. AR AR RS KOH
B ANTZDOERNICHDLL, vy 7 VP T RATIZBWT
470~525°C T 12 h JIEAL, KOH K& AR EmO£H 4
WHERRL 7=, 728, KOH AU L& 40 GIBCO-CC
DEAET BIENRNLD, A TFRIME Al 74 AL THEST-.
BoNIZRBIORE A XRD ICXY, MRS EZ BT 4 9
F1EK O SQUID IZXVEEML7-.

3. BRRUER

W HOSMETEBLELL 7-308k, 2 40 GABCO-CC 73
F*ﬁzﬁvﬁz L THEAINRETHELNZ. ZOHThH, §F

T Ag % 10 wt.B%RML 470~490°C TH A L= kHI#a & M
75§E<zz¥-f~‘, AR mEHEESEIOELTh, JEMAE Gd123
EosEEL, Gd123 i RIE» ORI NTZ. 2T, Ag i
MM LD RN X > T, RIS BMEES NI Tod i eE 2
BR5. LILEAS, Ag % 30 wt.%iRINL 73kt
8L, BEAEAEFEEL CEDNZERED XRD JIENSIE
EuBCO FHOMLIZ Ag FAb M HHS 7.

F72, 500°C CTEVLERL 7= 30k O824 i O LRI
Ag TEFRINTTIX Eul24 B EFTHT=DITHL, Ag I
DEFEA Bul2d ~EZA b7z, 2, Ag IRINICE- T,
Ful24-Bul23 fHEERMMEIRAL L7720 2 L HEERCTED. L
L7236, Bu:Ba: Cu=1:2:4 DL Bul23 BAARKRS

— 101 —

Ni=7=8, &P L2572 Cu A CuO ELTHERAEL Tz, Fildk
Ltﬂ:%ﬂfi Ag X, EIRICHIT D CuO BAEICIEIEL TV V=
723012, Ag: 30 wt.%aEHP, 500°C LA _EFEFCIiES M
ﬁ&f)\ofzk%i%hé.

SQUID IC&VFHIL 72, VLI DIERHRD D Tomet
2 LITRT. 28, Ag: 10 wt. %D 470~490°C (2o T,
BN BAFCERIRE Gd123 BORIBENRATRE Th -T2
723, BEFTITERIKR+ G123 J8 D BHED LR L 7= 5
BERL TV, LD, £TO Ag IITEIZRBVT 500°C %
BEIIRIEA, BiRMAIT 7o BEhoTo. ZRNETOFH A~ D
W72, KOH 757 2% RV TERIL 72 Nd123 EO R IR
EEWZRE DR, ROY T, OBMREND, AR E DIKIEL
(29~ C, Nd/Ba [E#AEEIL 7. 0ME T3 5280357 - T
WA4], 2k, ABFFEICB VLTI, 470°C TEul24 F34:
FSAL7-73, 500°C C Eu/Ba BH#LDZ\N Eul23 FHEAR,
525°C |Z[f]{} T Eu/Ba E#10>/0 72 Eul23 «Hﬁzbt&%
Z6N5. F2, WTNOEEIZBWTY, Ag IRINZ
7o 78 5 K F2fE ER-LIZ2E0D, RUSIRIEE! Lot‘é%ém)
Ui, BLLL CuP A MT Ag' BEHL o — VR —7 &'&D
WENECTZEE 2 DNS.

PLEDZ LD, REBCO-CC [BlTEE e FBHE B AIZ
EIRINTHIET, RS ié%% i@rﬂk, SHITHE
WO EAHERS . £, —HEOR RS, 85
D1 LI RO H - ?;%ﬁ%%fﬂﬁ%lm“é_&ﬁxﬁgf%é_

EHIRIRE .

90

80 B Ag: 30 wt.%

70 -&-Ag: 10 wt.%

60 —-Ag: 0 wt.%
250
3 a. .
£.40 .- TAT _,f"_‘.’——'-'—"’
s S T

L e S

20 F

10

0

460 470 480 490 500 510 520 530
Joint temperature [°C]

Fig.1 7.2 of pressed EuBCO materials as a function of

joint temperature
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Mechanical pressure dependence of joint property for GdBa,Cu;0, coated conductors

prepared via crystallization of additionally deposited precursor layers

0 =, KRR, FEEsEA, & BE (JuK) ; Valery Petrykin, Sergey Lee (SuperOx Japan) ; #AA<BA (NIMS) ;
[ HEEd, B & GRAER)
TERANISHI Ryo, DOI Yurato, SATO Yukio, KANEKO Kenji (Kyushu Univ.); PETRYKIN Valery, LEE Sergey (SuperOx Japan);
MATSUMOTO Akiyoshi (MINS); OKADA Tatsunori, AWAJI Satoshi (Tohoku Univ.)
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1. [FC®IZ
REBa,CusO, (REBCO) #4407 /B &t & 2B T

BT, B OREIRH ST IC LD R RILD R DB TN D,

PG RE O ERIHE LTI, A i TOMRWEREL, &yl
TEMERE . SR B IR O O NP PERE do L OSERRIR | B

FIEOE AL, 7ENREITF N5, REBCO J& R T-OBIRE
BEAICELT. INETIVONDOFIENRRESNTET
BU[1-4], BEheihZ/ER 3 2R ORI T ) 73 B A2 il 48
KT THHIENHRESNTND,

Fkx 1X, REBCO ##4 EICHIBERABMAEREL C, Thb
BRI ST TEULBL T 52T, B R Z N —AL LT dh
{LEBEE L EFIRRAT) FIEEIREL TETWDH[5-T], A4
e CIE, BERECHEA AL, AR IC A BV O 1
BREOE I RAE T B RIS L TH &L,

2. BEAE

GdBCO ##44 > GdBCO & LIz /S VAL — —FRZETEIT T
Gd. Ba. Cu OERLWHE RO D RIBRARZ BIIHEREL |
NG 2 DO %G 6 mm-FES 5 mm OFEIEL TS,
FERRI)E F1%40 1~40 MPa CTHIINL 72235 1093 K ThEdaib
L. 20, 773 KITTMETY =— V&L TR E 57,
= faﬂf:ﬁ*ﬂr% 4 S RIS OB SRR E(T)B LW 65

BIFAEERER (L) ZHIEL ., L OENOEETERD ¢ il

ﬁﬁ@ﬁuuﬁ?&{m{ﬁ () ZFm LT, £2. X BBk
(XRD) \Z 0B ERO A AR & 5 A L 7=,

ARFIETIL, BB EROEINE % IEfEIC AR D70 1282
H 1% OFREE RN L THRFEBMETIC TS mAEZFEHL,
OB THEDERRL CTHEAEORFTIES (R) 2Rz,

3. MERLER

Fig.1 I, B RO AEICBITE 7, OFEIKIEMES 7
9, 7. onset [ZJENDEIEEIZRONT WINDENIZE
WTHH 93.5 K TIRIE—E TH-o7z, FHUTHL, Tozero 1%
JESNARFENEA R L, A5 2.5 MPa 38X T8 65 MPa Tlid%h
F192.2 KBLO8T.9 K TH-T, ZIHIZA 1L BETNZ
RAFMEE R 2 a2 R LTI, HINE D OB > TH:
BENAR 7 FAAEINT A LA RENTZ, Fig. 2 1%, S DE
THEAEMEDFE BT D, B A 2.5 MPa TD J, 1349 88 A/cm?
THDHDIZH LT A2 65 MPa TIFK 10 A/em? &720, £
OENMAEST LITERRAR T D2 EavmEnT,

FEEEANCAES LK TIL, Fig.l OfERAEE 2L, [E
TS Te DR TFRRE CTHHEBEIND, LinL.,
T. DIEJTHKIFHEDO R T J OEMRRZRE F 252803
L, £2T, KB P CERLER RO SR T
LAEREE XRD TiMiL 7z, Fig.3 ORIERE R s, FUINE
FIH3 2.5 MPa & 30 MPa Cid T#io> GABCO fHE[RIZE ThH -
7273, i E T TR AR (GdyBaCuOs & L< 1% BaCuO,) DAL
MWD HI, 65 MPa CTILAFHOE — 7R EEBFXTHIIC K EL
20 BARDEINL TWODZ e h o7,

PLEXY | B BVLER IR O BEA I ITE )X BRI S
TS, AR KREEELE RITTIENRHOMNERY JES

— 102 —

BN LME R4 528, LR TIE Lo iz <8
B TOBRAOHEMMNRE THHZ &, Borh Tz,

95 T;onset
-O-—-———-——-—Q—--O—-——---o-—
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Fig. 1 Mechanical pressure dependence of 7..
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Fig. 2 Mechanical pressure dependence of J°.
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Fig. 3 Mechanical pressure dependence of crystalline phases .
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Development of superconducting joint technology between high-strength Bi2223 tapes
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1. [ZL®IZ

Ag ¥ —A(Bi,Pb):Sr2CaxCusOy [Bi2223] £ #i#4 (DI-
BSCCO) [11IZmEWEE A BIRFFEEZ AL, & 2 km O
BPEFATMHENL L CUVD[2], il pre-tension FHAiiaTEHL
THITR Ni AT — 72 LHESE LR RERM (DI-
BSCCO Type HT-NX) [3, 4]0 BAF &, @GR To
> 400 MPa D7 —7 5 ) T ChR I OHERF DN ATREE 72572 [ 5],
NS OREEND E R Bi2223 #RET 13> 20 T O @5 A
BE W I RE & B E R A ~ DTS AN EA TWD[6-8], FF
(2 2017 4E 11 H/BBIR LR kS A3 T, LTS,
Type HT-NX, REBCO D&M & {58 H4L7- 1.3 GHz
(30.5 T) KA FEHE NMR B OBHFE B HED HAL TN B[9],

—J7. Bi2223 MM OB IREHE S HATII RN THY,
Bi2223 A IZ L DK A BRI &0 2 72 AR A DX
e AUEIIREECTHHEZ X ONTET, L LT & 135,
& Je FriE Bi2223 Lk SO /ERFE #H10] 278 L7, 4
AR 720 DI-BSCCO Type H #4F  OAB{mEHES B bty
DBASITKR L T2[11-13], ZOHEATIE. ~ 0.5°D A EED
BRHE T O I LM IR E OBIRE 7 4T A e 25K
TS, ZOMIC Bi2223 ZiEmEATRIBEERSES
LTRSS AR ERTHLOTHD, TNETIZ 2 ADH
R A HEAE DR (termination joint [14]) THEAL
72BN, 107 QIEEHET 1> 300 A(4.2K, 1 T) ZFLékL Tk
0. F72 1 RO~2m OMOESREES LT —T RO
NI A VERENC, EERBERSES L JVETE~1T ©
WP TH< 1072 Q (4.2 K) DIRWEAIHIE EIEL T D
[13]. ZOEA AT Type H M OLOTHLH, KAE
VEORBAR B G ~D FEEEZ AT Tk, ZOHA A fliimbk
T&DOEIREE Bi2223 #4464 (Type HT-NX) BICH i 454
ENDD, T THBENL, mEE Bi2223 #p OB RE
B HAM ORI ONTHETD,

2. EEBAZE

A bE# 43T, DI-BSCCO Type HT-NX ##+f
[121 i, ~ 4.5 mm" x 0.25 mm’, I (77 K, self-field) > 170 A]
OIERILT-, R BEAFECIE, ~ 15 em B0 2 RO
DR EIER L% . Type H BIOBEE[11]EERRIZ, HFEEICK
74T A NDBE M ATV —E WA R RE O Bi2223
JEIR (~ 50 pm') DIERL, —#h7 VA BB AAT o7, FT
~2m O 1 KOBM Ofisas FERICES L, V—7 RO/
Blaf VB ERLL 7o, RGN CITEES L 2Rix 7ell
JE T S O T CIELR MU IR I K~ T, N = AL
PR CIX IR T D 77 K BE OV 4.2 K THES L & B I i
THECTHA L LUF OB AL CRABIRRR AT TS
BEHATEM L7, BB T — 7 I ATICHIIN L=,

3. HREER

Type HT-NX #MIZIWT, AR Ni 57— 7138, 2 A
WAL @72 — 80T T COMBSNITED, Ag £
HIT B HRERIEOMHE A lI2L, £
ENBREDARE Th o7, EFRO T IETHIBRM BHEBREL
72 2 KOFLR Type HI-NX Z#6 L3k 77K B O
T COEERME Fig. 1 1 RT, O OIZRIGMTE
L7248 R Type H BIHEA[12, 13106 Db B TR,
Type HT-NX il CHBIREHEANZER TE—F | TOHES
I 13 Type H FITEE MRS, A8 B OBREB R A 5w 7o 42
AL BORMPEIN TWDI LN Do, Y I,
ZORNEES [ OBEROBLIINNZ MRSk~
TRIRE B SRE F O Lo, /N oA VIR EFCO KA E T
REROFE REBES IOV THLIRET AT ETHS,

1.0 —
- Bi2223 joint (S, ~ 70 mm?)
810°C, 24 h,
P, = 3 kPa
205 '
2Y-9T —e—Type HT-NX T
S [ —o—Type Hi12.13) 1
77K, ]
0 self-field |
0 50 100
11A

Fig. 1 VI curves for joint samples at 77 K in self-field.
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Joint resistance evaluation of a solder joint of NbTi and BSCCO
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1. [XL®HIZ

BB OIS A RBICE > T MEEEA BT ST
RERRFEAMTTHY, TR, B2 HTS ARV CR IR
TRWFZE - BAFEDMT LTS, ZOH T, 201 74XV
7o IST Rt B AIEF IR D KA EFER ATHER
1.3 GHz (30.5 T) #% NMR A DB % Cl, LTS, HTS #44
ORBZEHEGS LUTBIEEI#EGZEL TR, R
MOHI25F | LTS-HTS FFM OB IR 5B & BT B 76
HEERFREE S TOD],

Fox i3, BIREEARE OB GRS R LG T2
e O DBE P MR ORREEZIT-> Ty, ZoEEx A

WHZET, 105~10% QO#EEHKBI%E . 3-100 K OIEFEFiHH .,

3T LT OB CRHMlivRE THA[2], ZIVETHIEL T
7o5UBHE, NbTi B{RE 53R BSCCO BB E #6550k
7o E O RIFEHM A RBHIFRD LTz, —J7 T, LTS-HTS
BRI OBGEES T, 4 W EICIAFHEN ETHY,
B RS PO 51 L7220 - 72 [3], S EIFID T,
FiEE W LTS-HTS MM OB s SR 217>
=D THE TS,

2. REHE

BRI A RN, Jastec B NbTi #pt &{EACE T4
DI-BSCCO type HT-NX % Pb-Sn-Bi 1ZA 72 CTHEA L TIERIL
Too WRIEICEDEITFMZATO 72D I — 7 CTh D4
BRHDHT= Wil 2 EFTA#EA L. NbTL b 20— kI
Uiz 2 EPEEFEMA BRI LT, SEAIPEHNIL, 42 K THF
A )L fit(Injection Coil Current, ICC)ZZE 252 & THIH
FHEERAZ S YT ol Fio, EREORKEIERE T
$% 3.0 K225 4.2 K FCORELEHRE LI, 2 FHEHOE
KO RILDBIMIRNDEIR AL T D720, ZNFETOR
BHET ICALE 32T 6  J7 AP B R T » b= 7 T
MEFIBIZA— L2 P —REBORIREEE L, 20
B RIZES T, 8 (RO R B IR HEEE D) EEHE
BT E RO IEA A e L7072,

3. HBRLER

Figure 112 4.2 K H CRG COEFEETRIZHIT DI
BERERAE R, FEMOREIL, ¥/ v ARERY
—HEEVTHZETRIEL TRY, B IR 721R
Err—H 80 TOIREZIT0 KERET -7, RFERM

AUBHAE R L AR ICC I LI L 7o B A BHI A E S,

A= —OEIEE AR IE LR R, i8S =&k
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Fig. 1 Decay curves of various induction currents at 4.2 K. The
inset shows a schematic drawing of the sample.
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Investigation of electrical and thermal characteristics of porous-stabilized REBCO tape for
quick recovery of resistive type superconducting fault current limiters
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PGB RGO ERIZIT, RAHE T Th 5 1
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D/NES MBI, FERES I OERESIRE L 72 5.
— 7, EBVEEMECH DM E = R % o T, RiERE
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Fig. 1 Schematic of experimental sample
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Current limiting characteristics of a magnetic shielding type Superconducting Fault Current
Limiter of REBCO pancake coils
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1. IZC®IC

RO AKME~OX R L LT, BEERES
(Superconducting Fault Current Limiter: SFCL) 23{F H &4 C
W%, SFCL B FRFZIHKA v =& v A THEERE
WAEGE L, FHERIIEA v = U ANEA L, HEE
WEIET 5, FATHFFETliE. REBCO #ff & H 7= 8
o —2% 3 A VI SFCL OFAAEE T /L AN S dv, BRIURFE
WZOWTHAR BT [1], ARl REEE R TOERZ
HE L, Hiiclp v r—F a4 W8 SFCL & #¢FHEL .
FERE TR 21T - CIRIRENEZ TR <7-,

2. NoF—F A )LVBEEHRBTE~LE SFCL

Nl —F a A VR ESRE RO~V SFCL Ot iE
LR % Fig.l 173, 40304 —x% REBCO #7E
oA )L a R EICEE L ND 2 2% X TR0 r—
FE LTl AV E LRFEICERET D, MUl 2 %
RS L TR A v &35, BESRFE (18.2kVA,200V)
TOREER AT L CEIER AN A 49 30A., BRIk Y 7
7B A% 0.49Q(1.3mH) Z 3 EFEAE & L7z, REBCO ##4F
DG ETEIL 80A T, kM= A VOB EFFEL T,

—WEBFLA 29.1A (EHEBRLATENL) C IREHANEE R B
LB X L, R — R CRAET DR EFTD
I BEERS RANCHIVEA v E—F 2 ThH D,
FEEEE A TRALD &0 £ RN IS EEETE L, R
DITBHERET Y 77 & o ARG 54 L, LBRRED T
ND, SLITRERBIRNTEND & —
WIS bt - 7= R+L BB 3 T 5,

Secondary coil

Primary coil

Connected to
the power systel

Short-circuited

Fig.1 Schematic diagram and photo of SFCL
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Fig.2 Schematic diagram of the experimental circuit
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Fig.3 Fault current and SFCL voltage
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Fig.4 Impedance and phase difference
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Recovery Characteristics of GdBCO Series—connected Non—inductive Coil in Pressurized Liquid
Nitrogen for a Resistive SFCL
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D%, FERBEBEEIREIRIFGTHIENROOID, BEE
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M B3 2ZEN T TITHER SN TWALIA, ERMRIZMmIT T,
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L7,

2. HERIK

AEBRIAE U IR(EKE TH)% Fig.l ([ORT,
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v

Fig.1 GdBCO series—connected Non—inductive coil
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—EEM00 mA)ZEEL, HHLZFHIL, £, RER KD
BT OB EE I ORI O—FE AR — R I AT T
FL. B OWBREABIE LT, IRIEERITTLET
1% 0.10 MPa (K&JE) 2>5 0.50 MPa £T 0.05 MPa %I TZ
{b&ECHEBREIT-T,
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Fig.3 Temporal change of resistance of GdABCO Series—
connected Non-inductive Coil (0.20 MPa)
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Development of induction heating device for aluminum extrusion molding using HTS magnets
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DIMBATTIE (Z D F REWETINBAREMESZ LT D, Fig.l
ZR) & W=7 ARE Ly MINEEE B OB 38 21D CTD,

ZOEEEOERITIE, EREE I LB I DHHLE
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Fig.1 Principle diagram of new heating method

Table.1 Machine Specifications

Billet diameter 155 mm (6”)

Billet length 200 - 650 mm

Heating time (@ Billet Length = 500mm) | < 60 s

Heating capacity 400kW
Magnetic field generator HTS Coil
Magnetic flux density in heating area > 1 Tesla

Aluminum billet Yoke

High efficiency
motor

Clamping Cryostat
system (HTS magnet inside)

Fig.2 Schematic diagram of new aluminum billet heater

Table.2 Specifications of HTS coil

HTS Wire REBCO 12mm 110 z m *1
Rated current 200A

Number of turns 350 turns/coil

Number of coils 2 (series)

Total length of wire around 1.1 km

%1 SuperOx Japan f:f

284 mm

Fig.3 HTS coil for aluminum billet heater
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for High-Luminosity LHC upgrade
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1 Introduction

High energy accelerator research organization, KEK, has
developed new separation dipole magnets, D1, for the High
Luminosity Large Hadron Collider (HL-LHC). The exist-
ing LHC Nb-Ti technology is utilized for the D1 in order to
generate a field integral of 35 T-m at the nominal operating
current and temperature of 12 kA and 1.9 K, respectively.
The corresponding central field is equivalent to 5.6 T. Prior
to fabrication of the first full-scale prototype, which has
begun in 2020, three magnets of 2 m-long short-scale mod-
els have been developed since 2015. The stored energies
of the full-scale and short-scale magnets are estimated to
be 2.13 MJ and 0.568 MJ, respectively. One of the chal-
lenges in beam operation is protecting coils from quench:
the stored energy has to be dissipated only by quench pro-
tection heaters (QHs) and without energy extraction de-
spite the high engineering current density of 600 A/mm?.

2 QH design

The QH for the 1st model magnet, which is based on
a single-strip heater made of stainless steel (SS), showed
unsatisfactory results as the hotspot temperature (= Tmax)
exceeds the specification of 300 K before reaching the nomi-
nal operating current [1]. To optimize the heater design, we
have developed our calculation code in which time evolution
of the heat propagation through the coils is computed based
on the three-dimensional finite difference method. Exact
coil geometry can be implemented into the program and
position of the SS heating station can be adjusted so as to
find out the best configuration. Finally, the zig-zag heater
pattern with two strips was adopted as shown in Fig. 1.
Here, the heating stations are positioned so that they cover
the entire coil region including higher field position and
thus quickly evolve heat propagation thanks to the lower
T. and faster quench velocity (~30 m/s for I =12 kA and
B=5T).
3 Results from the tests of the 2nd and 3rd models

Power tests of the 2nd and 3rd models were performed
in the 9 m-deep vertical cryostat at the KEK test facil-
ity. During the tests, performance of the new heaters was
also evaluated. Figure 2 shows the measured and simu-
lated magnet current dumps for /=8, 10, and 12.047 kA,
obtained with the 2nd model. In the experiment, QHs were
fired at t=0 and at the same time the transport current was
shut off. No external dump resistor was used, and thus all
the stored energy was dissipated by the QHs. As shown
in Fig. 2, the measured current profile is in good agree-
ment with the simulated one. Tax, which was counted
from the start of quench, was estimated with the measured
current decays and found to be well below 300 K even at
the nominal operating current. The test results from the
3rd model also shows a good reproducibility of the heater
performance. Therefore, we concluded performance of the
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new heater, which was designed based on our developed cal-
culation code, was verified and could be extended for the
full-scale magnet.

4 Prospects for the full-scale magnet

Performance of QH for the full-scale magnet, which is
based on the zigzag pattern with two strips, was evaluated
using the simulation. The stored energy was assumed to be
dissipated only by the full-scale QH. Tiax was then evalu-
ated by assuming magnet quench occurred at the high field
location (HF quench: 5 T) or low field location (LF quench:
1 T). Here we also evaluated Timax for each of the failure
scenarios: some of the heater circuits are lost. Among them
the highest temperature obtained was listed in Table 1 as
well as the nominal scenario, showing the Tiaxs are be-
low the specification of 300 K even for the worst case and
feasibility of the new full-scale heater.

SS
.Copper heater |_>A[_>B ’ SectionA  Section B
() 2
\\\a ﬂ Heater — Heater A

Fig. 1: Schematics of the new QH pattern.

x10° ‘ :
12.047 KA Measurement

10F

"""" Calculation

Current (A)

0 0.5 1 1.5
Time (sec)

Fig. 2: Measured (solid) and simulated (dashed) cur-
rent dumps for /=8, 10, and 12 kA [2].

Table 1: Expected Tiax for the full-scale QH.

Expected Tmax

HF quench (5 T) | LF quench (1 T)

Nominal scenario 235 K 229 K

Worst scenario 297 K 289 K
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Magnetic field measurements on a small dipole magnet wound with coated conductors
under time-varying field generation operation
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Fig. 1 Typical one-cycle current profile for magnetic field
measurements.
(a)
. 2439 T T L —— T T LI
<
[ L J
E
£ 2438 | _
(0]
[
o - i
Qo
£
S 2437 -
o
o - i
L
[m]
2436 Lt 11 L1 L1 L1 L1
(b)
— 41 T T U — L —— T T L ——
c
3 L J
o 4l |
K
@ 1
(o]
o
(0]
o 391 -
[oX
=]
= L 4
[
» 38 L1 1 Lovva b v v v v by oy

0 5000 10000 15000 20000 25000
t(s)

Fig. 2 Time evolution of averaged multipole components in
100-A steps; (a) dipole magnetic field component
normalized by current and (b) sextupole magnetic field
coefficient in 100-A steps (normalized sextupole
magnetic field component by dipole magnetic field
component)

B
AWFgeo—ERi% JSPS BHiff# JP16H02326, JP19K23513
DR EZ T I=H D THD,

SE 3
1. Y. Iwata, et al.: Nucl. Instrum. Methods Phys. Res. B, Vol.
317 (2012) p. 793-797.

HE99M]  20204F B2 A F I T

RS



3C-a0l

2NV T 5 (2)

QMG *Y) T NIV R Ty DRSS D —1t
Homogenization of trapped field of QMG® ring bulk magnet

M I, TG E—, EA T (HARER)
MORITA Mitsuru, TESHIMA Hidekazu, SAWAMURA Mitsuru (NSC)
E-mail:morita.d98.mitsuru@jp.nipponsteel.com

1. [XL®HIC

BN REE A T AQMG® (S AR D 123/ 121 14/ D3
PR B LT SV 7 R ER L B TR AL K} 1 X, 19884F 121D
THAFINT-[1-4], £D%, A& 13 tF# (RE) ZEHL -
it e a0 95 B A B R AT I L0 KB D QMG A 3 7]
REL7R0TE A~ OIS BHFE D BIZ[5], ST~ R M
X, 19894 |ZHe RS NURE B HAFE AL S B ffric XD Z D FAR
FEMTERLLT-[6], FeUT TIHE, FRICIRIR - S8R5 COERIZE
DEXT DRE AL FIREL 220, K FRD /LT~ 7 3y Mg
BIHBHESNTCND,

FOHT, QMGY v 7 Z AW ENMRIS A ERE L
TW5, NMRIGH TliE, S T2 @m ¥ — ORGG B VEE
TH O IS 2155 2O O A« OHFIENRRE S
NTWBTL, A, EAEAOmmMOMNEN R HQMGY o~
7 EEE L, BH%, SRS 5 2 & TS O —{bE
RATZDOTHRET 5,

2. A&

2-1 BB : Fig. UC AR FEBRICE A LN B 72 544
R60mmDGARQMGY L 7 EHFEE LT= SV~ T Ry b=y
rofEEE R, PRI AESmm D B BLE L
770 BQAMGY L ZI2IE, WETMmD 7T IVIE &V 72 i3biA
HAfREIT o7, iR~ Ry NI, BEEOa— LR ~R
FlCEESN, BRI LT AR TS, 3
IN—E, NI T R S OB E ORI A A E T
729D ¢ 20mm=EIRR T 2 H T 5,

2-2 ERREROARRE Tk |IEKR T 150mmD E
10T~ 7 3y NIZRES L EFBE R L EN— T2 91
B ZRLE L=, 100K TRIGT DA S A FIINL7=1%, 40
KIZH A, SMERESS & R L B A AT o1, BTk, 10T~
F ISR 5 S x| Bk FL RO HHERES 5y
HERE LT, TDO%, 2 ITREHEEZ B 70, 5eH
HLL il ORISR O L ERIE LT,

3. RRfER - ER

Fig. 21240K THEREL 7214 . 3UBHEE 260K,61K,62K,62.5K
W FR L 72 IRp 0 30} Je 5 Fh o = DRSS 0 A D2k
&R, A0KHB0K A~ 1TEAEEALN N2 362K
DL BT, HIR S O A AR T LB TV D, Zhid,
FI60KLVKIR CTlE, T X CTOQMGU V7 BNy FRREET
BV B O FIRITHL . FV T NOERSTITENT D
DD, h—2NVDEFITEILLRIRIIZH D DI, #62
KEL BT, FRIZED PR ORI 7 O B3l oy 7 s
REENS T NV ERARIEIZ AL L2720 | oLl i s ER o 18
EHEBRIME T LB EEZBND,

Fig.31ZFig.2062.5K CO LR 734 DIE KX 2~ T,
e o B F A 15mmOFEIK T100ppm AN D45
A ELITEY, BRI A LIZ10T~ 7 2 b OBIE Iy A
EHH L CRIRI IR o i DY — 2 LS 22
T&T, Atk BRAL0T~7 32y hOREG O EFEN LD
N RO IEE DE] QMG 7RG Dl IbIC I F gD
B (LRI Db D Bbhg,

— 111 —

»28 L)?’G Thin QMG-ring

20 |10 20 20

120 [mm]

Fig. 1 Cross—sectional structure of sample.

5.130
E 5125 —
2 5120 o i
g 5.115 .._.- peas
X 5110 | de]d:djjjj
e -
o 5105 | e o
2 5100 ot oo,
C - Q
5 S B:40K, O:60K, O:61K
g 509 s 0:62K, ¢:62.5K
5.090 ‘ ‘ I ‘

25 30 35 40 45 50 55 60
Z axis (mm)

Fig. 2 Temperature dependence of trapped field distribution

51070
= 1100 ppm
2 5.1065
2
ssese
3 . 6000 25 ppm
% 5.1060 . .
= . 000000 60000000000
"5 . . .
Qo .
© 5.1055 * *»
= -
g N
= 51050 | ' ‘
30 35 40 45 50 55
Z axis (mm)

Fig. 3 Enlarged field distribution at 62.5K

S5

1.

ZRMFE, #AHBE—:New Superconducting Materials

Forum News, NoZ@ (1988) 15

M. Morita, et al.: Patent No. US-5508253,
Priority date: 06.06.1988.

M. Morita, et al.: Physica C 172(1990)383-387
(B3R 1.055R]

AR IR SR R IEIC LD RE R

ABAEIROVERLL R i B i BRI B 9~ DR 4t

e E R R =L 7 23 (HUSACP)

http://eprints.lib.hokudai.ac.jp/statistics/

statslist.php?staturl=fima3serq502379t

M. Morita et al.: Advances in Superconductivity III

(1991)733

. M. Morita, et al.: Abstracts of CSJ Conference,

Vol. 41 (1989) p.14
IRIR T2 EET/NUNMRA M &G BEE AL IREA D
B LA oM ) BB52B 515201747

HE99M]  20204F B2 A F I T

RS



3C-a02

NV T AT (2)

Mg-B /NIL VBB DNV ABHBIRRICE 1T DR BEEZE D 55FL

Flux Jump and Its Behavior in Pulsed—Field Magnetizing Process for Mg—B Bulk Magnet

R Ak GETE TR s vh 4256 GIrIRR) ; (urp (@, ZHE B, voy 50 GETR); Ry L(a—xXK);
TAINTH T INAT—, 2UTF v AH—(IFW RLAT )5 /NI #l, &3 B (EER); ~vh— FeEr (@l —xXK);
T AT =Y —, J—=FT h Pyur(H—rR); Wi EHiE, A7VF VT 7,

B HEA CEER) ;s Ml Fadk (2 FIR)

OKA Tetsuo (SIT); OKI Hayami (Niigata Univ.); YAMANAKA Kengo, SUDO Kimiaki, DADIEL Longji (SIT); DORGE Remi (Lorraine Univ.);
HAESSLER Wolfgang, SCHEITER Juliane (IFW Dresden); OGAWA Jun, FUKUI Satoshi (Niigata Univ.); BERGER Kevin (Lorraine Univ.);
BADICA Peter, NOUDEM Jacques (Univ. Caen) ; SAKAI Naomichi, MILYALA Muralidhar,

MURAKAMI Masato (SIT); YOKOYAMA Kazuya (ASHITEC)

E-mail: okat@sic.shibaura—it.ac.jp

1. [ZC®HIZ

P& B RMb A THD Me-B R IR BRI
G 322 8T Lo TERBL T DB AR A 1T OB
DY) — T2 AR L > T BB AT B CT& D, L,
EEREE ISRV L&/ NSWEBD 72012, 7L ARG
2 AR BN BE BB (7 T 7 A v ) BB
723 BEGEMERE It O A 1 5H 123 R EIT@ENNTE D,
ARFFETIX, BHRGEFRICE T AR BKEROE S\ &2
BT 2ZE T, — ABEMICB IO RS2+ 5720
DRMETES>TUL,

2. BBAE

MgB, B DERR 1T Ay N LA (HP) e A — 7S5 X<
BERE (SPS) 151255, Table 112 SPS THRUWEL /=3B Of% T4
R, ZAUZ HP IZ Lo TRUWEL 73Rk A LRk 127”97, SPS T
VERRUTZ 3RO BARIRBERS L2 b DIXE DK LAY 1.6 g/cm®
Thol=n, ZIHIX A RIOEERNOIEFRE, HP &6 2.0
g/cm? LA EOFBIE W, 7V AER T 0.6 T 05 2.2T £
TD, S H EVIERT 10 ms OWESE4A 60 mF OEIFIZE->T
FINLU 7z, B EIINIE=T— LR~ R 15 K C, f81E FW X
A BHTI21 % AW, 3k i h e CRIEL 72,

3. EEER
(DREBRAET T AT a—; BRI LD ERZ B %
ORI B/ B \ZOWT Fig. 1 IR Y, MR ADED
WERN FAIRE R D LBV IE A OB CHEE 22, F DR
IFRABHIE S TREEZRY, 1.0T BLEORGFIINZ L5
TRAIBIIE T U, ZOXENIT Ty I/ AT a—0 B0
NFF I, 7T 927 A7 0—03 LW FFE i, 225 NI Bk
DFLED FJ IBIZHIREIC 3D T,
(2) EWizH); Fig. 2 & Fig. 3122hbHd SPS #20BH (1690) &
HP #0EF (MH104b) DR BV i L TR T, 7238 HP &
BECIE Ti 3R =7 & T3, EHI2 NFF KTl 0.6-0.8 T
DEINTHEEIDIRNE RS, ZOMIERITENEI 86%
L 92 ThhoT-, — )7, 1.8-2.0 T THIS F] | TiL, SPS T
285 ms C. HP TiX 71 ms & 237 ms O 2 [BZi7= > ChLR
BREES Y, 1B T 33%, 58 2 FT 13%&7e>7=, SPS TiX
1.8 T LAETF] MY, ZHELRIE FFF THa, FJ $212i%
FPEERDS 16%IC T NDNFDEATD FEFF T 27% THY,
NI E T W Th, F) OHBUCE > TRIBIZ T
Do TEIET D, Mg-B D& BAIIEE IR LBV JWEYR
BARRLUT, WTNOZEED RE123 ITHARLEL TND,
AR B O HBLIX, 1RITh, R 52, 220
HERBEA S L ZEIIN% D 200 ms LA EORIFIZEN TR
S5ND, ZNHORIIIMRD R T, BERESN I L DR BN
R —IZRELTCNDIE, T, RE—REBRIEIZEDHLO
LR REI, BRI T —HINEN LT THD,

— 12 —

Table. 1 Occurrence of flux jump in bulk MgB,

Sample Diameter Thickness Pressure Temp. Time Density
[mm] [mm] [MPa] [°c] [x60s] [g/cm?]
E116 19.95 12.90 90 1200 - 2.05
F526 19.90 9.60 50 1150 15 2.62
1690 19.83 9.26 100 1100 20 2.62
MH104b 20.10 3.30 231

MH104b : Hot-press: Ti 2.5wt%

A —£116
m =526
VA ———

=]
o

[\ QN
o o

N
o

w
o

Field Trapping Ratio [%]
w
o

BN
o o

o

0.0 0.5 1.0 1.5 2.0 2.5
Applied Field [T]

Fig.1 Trapped field Ratios for SPS samples
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Fig. 1. Arrangement of cross—shaped soft—iron yoke
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WEIN# 300 ms OFEFRTHD, WTNOLGAESHUINES D
HERIZEROHIRREE N NN U T, 77 K2R D B i, HDFH]
MG T — 2% | D% LTz, Zhid, S35
BN T2 Z LIC I OREHREH 2ME KR LTz EB 2 Hivd, FT-,
WD TBNTS 65 K IZBIT DRSS Em, &
TUTRIBIZBIT B2 D LB EWTZDEE 2 Hivd, SHIZ,
B KIS L VAR A VTV AT Uy haA L DIED 35
VMEEZ RS T2, ZRBORERITE TR FEE — L T B[],

Fig. 312&aA/LD T, =77 K, By = 2.5 T IZBITHHEHRIE
B ORERAEIEA TR, 22T VI EEm PO, AE. TEB

BT DEKRAZ G ZEI Brins Brons Bram &3 D&,

VU AR TIE Brijin > Brojns Bram E78072, — 7,
ATV haA AZEBNTE Brign < Brogns Branm &72070, 2T
REBRTHID CHERTHZENTET, LLEXD, YL/ AR=
AN TIIRER D IV T IMAUIDIR 2 IR AT DDIT%)
L. A7V haA B W TEHDRERIC BN T L7 L
(R AMRA USRI R 5 R L 2 A /L DTARIC &
VG AGEEN N FIR D2 e o072,

— 114 —

| cernox™

% Iron

| SuSiing o veke | [ 2]
Ium / L EHEH

brass Bulk - cernox™
NP T ®
X ron

‘oke

(a) solenoid coil (b) split coil

Fig. 1. Schematic diagram of experimental setup using (a)
solenoid coil and (b) split coil.
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——solenoid 77K
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=
m
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Fig. 2. Applied field (5,,) dependence of trapped magnetic
field, Bri, at 65 K and 77 K for each magnetizing coil.
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5 — ST
Ts= 77K, Bex=2'5g T TS—. 77K, Bex—2.53 T
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= —— BT3
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0T se s g0 %0 1026564650
Time (ms) Time (ms)

Fig. 3. Time dependence of trapped magnetic field at 7; = 77
K for B, = 2.5 T using (a) solenoid coil and (b) split coil.
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Reconsideration on the oxygen-diffusion mechanism of REBCO melt-textured bulks
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MOTOKI Takanori, NUNOKAWA Kota, SASADA Rempei, TOMIHISA Takuma (Aoyama Gakuin Univ.);

NAKAMURA Shin-ichi (TEP);

SHIMOYAMA Jun-ichi (Aoyama Gakuin Univ.)

E-mail: motoki@phys.aoyama.ac.jp

1. IFL®IZ

REBCO ARlEER SV 7 1, BERG 2R TX 27200
TEEERA L L TCOIHAPEIRF SN TS, LML, K
LIRS i & A 70 DU REEE /3L 7 CIIR FEIEHON
E BFHEFHE VWIS RWVBHET =— B0 E LD,

F# IXREBCO IARIEERE SV 7 12Xt T 2 K BAE AR
FHKH T =—/Z Lo T, REBCO ffaNEBIZ S5 D
JERBEMNARR U BERIEED K E MBS N D Z L 23t
LC&EM, LLaens, AES b DR IERE D
EIZASV T A RZRELKGFT DI EDRToTET,
ZAVTRIG | IERERRE SV 2 2 ES 1T D I T PR R )
IV T P A X TITRES RN EEZREBE LTINS,

2. EBAE

RE & LTY ZEIRL, 10wt%®D Ag0 Z¥sE L <X
HEIRIND YBCO VRFREEE SV 7 285 U7, ERI L
FHFRR O V7 O —EIZEMNRICEI Y B L SRR b
L < IIAAEKEABEFAK T, 400°C THET =— /L%
TV, 7 =— VIR L E R O BEREZ R~ T,

3 BRLEER
REBCO HiffifmlZ B8\ TiX, ¢ Hli7 m OB IEEREIE
ab EWNIZHEARTHRD TREIWNWZ EBRM BN TV DA, gk
LB ab N OB TEHTICHEITT D & L, ERICEW
AN ~OIEE S L WK SV 7 OB 0 % B8
L7 INET 5 & T 0EEAT T TRkobnd
B, Z 2T, M) XAt l2BIF B2 V7 OB E, anlio
WOE TRy B VRN 0 L2 D8%5525 n ZTHD
R, 6=Dt/ R, Dt/ L* (D:JEBEREL. RSV 7 (RN
7)), L FEHRERGEM AV )T D,
M(t) — M, < 4exp(—aZ0)
My—M, 17 Z oz

n=1

4

_ had 2.2 . R
M®) Mo = Z (2n +81)2n-2 exp (‘ (@n+ 1w 0) %E_H:H‘/ill/y
n=1

Moo_MO

Fig.1 (a) (222D Ag iSRRIV 7 (~13 mmg ) D
RT = — VEEOKELKER OH I L 28 &ORRZ1L
R, HEBAREIT 10 mYs DA —F—Th 1, KKK
EFEATHI LT 2 BREMMEESNTWAS Z &M
DD, Figl OITIFEMRICE 0 B L7 r OB &%

fEERLTWD, EHOEIF~13mmEELEHNLOD,

RIS DN IEERET 108 mYs A —F—& 72 o7z,
ZUE, ST NERE ) —IZHERCT 2 O Tt Ze < Ko
DI R A A o ~OPEBHEHIRFE & 725 TR YD (N
NI WA RIPINEL IR DIEE AT OB EL 72572
bEEZLND,

— 116 —

M vz

Fig.1 ()Zi%, FUHIRD Ag W > 7V KA A >
PNV T L=V F RAAL VT OB REE L TR
T, 2NV OEFREN R D12 00 b b3, FERE
WILOZEBEN R U, Z AU MBS~ O SR A EE & e
STNDH I EEMTBT MR TH D, B HIE, FEL
725 T DU IMEB O IEHBEREIZ DWW T b ki 5o

(a) " Annealed under wet 0, "
D=4.4x10"1 m2s1
10 0O—g—T=0UT
>
5. 08| Annealed under dry O,
23 D=2,x10" m%"
Z 06}
s
S 04
2
024 Ag-added YBCO melt-textured bulk
Y Cylindrical shaped (~13 mmg)
& Annealed at 400°C
0 100 200 300 400 500 600
Total annealing time / h
12 r T T
Ag-added YBCO melt-textured bulk
( b ) Rectangular shaped
10}
Sost 1
'3 Annealed under wet O, flow, 400°C
?., 06 1.27 mm
s £
= >
g 04 a
~ ab 1229mm
a,b
0.2
D=1.0x10-¥ m%s
0. L L L
50 100 150 200
Annealing time / h
1.2 T T T T
Ag-free YBCO melt-textured bulk
(C) Cylindrical shaped (~13 mmg)
104
Tos|
8 Annealed under wet O, flow, 400°C
B3 0.6 open : Single-domain YBCO
=[] closed: Multi-domain YBCO
s
g 0.4 Single domain g
= D =2.0x10"" m%s
0.2 Multi domain
D =2.1x10"10 m?/s
o

100 200 300 400 500
Annealing time / h

Fig. 1 Relationship between oxygen annealing time and
changes in mass rate for YBCO melt-textured bulks
for cylindrical bulks under dry Oz or wet Oz (a),
rectangular bulk under wet Oz (b), and comparison of
single-domain and multi-domain bulks (c).
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[1] T. Motoki et al., Supercond. Sci. Technol. 33 (2020) 034008.
[2] S. Tsukui et al., Physica C 351 (2001) 357-62.

[3] H. S. Carslaw et al., “Conduction of heat in solids,” Oxford
Univ. Press (1959).
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Preparation and physical properties of RE123 melt-solidified bulks with reduced pores
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NUNOKAWA Kota, TOMIHISA Takuma, SASADA Rempei, MOTOKI Takanori, SHIMOYAMA Jun-ichi (Aoyama Gakuin Univ.)
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1. [FL®»IZ

REBa:CusOy, (RE123)EEEEE V2 IR IR ZE FRIRE 77K
FHZAHEVESTERE T2/, @S NI ThEy L
FtEZ R 3 2 ED BRI RE R A L L Cos DS IS C
VWD, /NRLOD RE123 TARREE ] SV 2 3B OFfeRss 1) FI2id
& JALRERN T, =27 S OEEBERL SV I IRNERDRT
IR E DIEE LA D A AR TR EICE B LT,
ZVI RN OR T IRB T EEL T REMBEEFH AR T
BT DERFhEEREN, #3815 5 FEIEIE(CIP) A T RifBE AR~
Ly hOEB AR E NS TS, IKEMBEE RS T
(VT DIRREEE Tl 7SIV A R B2 TIOR3y D
KBTI DN EE L RN D DT | ARFZETIL, FamhEEE
RCRTEERSBREAE AL, 20 RO LA K E MR FAR
T CITo72, Top-seed 1E CTYERIL 1= S VTN DR T 534z i
i BLEbIT, RT OEIRABIZ BRI R LIFE TR BE R
NIRRT, F- AT L > ClRF OBRHET =—/LC
VERE R DR TSR DT80, KRG E AL AMEHET =
—N T 2D b ERA T,
2. ERAE

FUEHS R L7205 Y123 & Y211 OIRABITRIR B RIGIC
FORIMEE R W TERLL 72, JFURM R O AR R 13
FRADZAHAR 2N BV LT Y 123: Y211 = 7:3 LB X HdiH LT,
BONTZR R ITHERR P58 EE 1] _E 72012 Ago0 10 wt%, Y211
OFHUEDT=DIZ Pt 0.1 Wt%ZEIRML, IRE LI RE — ik
7L Z(100 MPa, 200 MPa, 300 MPa)iZd&¥ 16 mmg DLk
R Uz, A% | I N OB RIF A VL =il
TEIRF N D22 R A B ZER L T2 L-> THER L2, 02 B A
TEBTHIEELRD R LAT 714 940°C, 24 h TIEEHEE
FRPR T IAMATRERE 21T 72, Nd123 B S mRE e L
TRLyho Bl deic @ K INET XoR Y 7 A 0F%
W, ZERUF TR B 21TV S T VR AL D Y123 8
FRBEIE SV ST, BRI v 7 B CRICEI0 L,
400°C THREZERM T T =— L EHITEKRLRT =%+
INNAT T, TGS T )78 V7R 5 I 2 mm (a-2, c-2)
OBFA 1.5 mm x 1.5 mm x 1 mm” O/ Frakelh g L,
SEM L B35 HIRE AR B 22 45 IOV SQUID RS 3% FAV N =i A b ]
TE ZO BRI AR L7,
3. RRLEZ

4 [FRRO 7 72y NI A LR OV TR AL D Y123
TRENEEE S L7 IS TO—E 7V AEIZB W TELIE, A
BRIRARL o M EE CT VAT HIEE | BB B R ICETTD
T DI MBI A LB T, Fig. 1(a), (OWS/ERL7=388HS
ENENIRBRET =— V| GRKERBRERT =— V&L
THBEIV LI/ N ERELD Je OIS IR T2 R 3, 7
== LRI bL PR T OIKEIC L T, EICIKREE Rk

— 116 —

BT Je B ELT, e, kT =— V&R ED J-H
Bk O K ERBEBVT AN o0z, BE, fERLZ Ly
DFRE | PR B SR L DR T OIRTE Sy R & ORI %
U TR AR 35 25 P T I 2B T DRl Al e 2h A~ ¢
W5,

T, BARRMET =— VBRI AR LK
DEBHACIZ DOV THIME L | RS SCE S ImT 7 B Rl Al
Befk Stk D i b b il 7e g SR 7 = — L R IEORENLIZ DWW
T 2o

10 T T T T
Hilc 77K
Y123 melt-solidified bulk
(a) Ag 9.3 Wt% Pt 0.1 wt% _
8
open: a-2
closed : c-2
o g & dry O, anneal |
§ —=— 100 MPa
I —A— 200 MPa
2 4 —w— 300 MPa
3O
2 -
0 abalaababay
0 1 2 3 4
/IOH/T
10 T T T T
Hilc 77K

Y123 melt-solidified bulk
Ag 9.3 wt% Pt 0.1 wt% |
open: a-2
closed : c-2
wet O, anneal |
—— 100 MPa
—a— 200 MPa
—v— 300 MPa |

Fig. 1. Magnetic field dependences of Jc at 77 K of Y123 melt-
solidified bulks pre-sintered at 940°C for 24 h followed by
annealing under (a)dry Oz flow (b) wet Oz flow.
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Fabrication and evaluation of trapped field properties of MgB, bulks by Mg Vapor Transportation
(MVT) method
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1. [ZL®HIZ

MgB, BARERIZE 7L E2H T 52D, IRIEA~Y
U LEVELIRN 20 KT oS AN iIf STl
0. BB S L I A~ O EME S D BTV B,
21X MgB, 2 VIR OFfeeS Rt E o\ Ex B R
L. RUEFEASL M7 Ry AORZ & EEL, &
HEED D & FE IR MBSV I B35~ 7 R VR
FHEREMVTIED BRI EIL TWA[1], — 5 T,
MVT 2 & 0 [k AL 7 2 E8 288 . ~ 7%
2 LOPERIIE T A &R L TR A 07 A LAY &
7eBTh 7 Ry MYEBORFE ORI & NS L |
JEHEHRSED ZENRFEO—DTHDH, £IT
KIFZETIL, 7707 R AEOMBENCH RN S
AUTUD Premix {E[2]A AL MVT J£I2ED, 5 mm
FEOD LB A E O ARIR MgB, 2L 7 DVERIE AT,

2. RERAE

MgB, & B ZE/LIE 1:2 TIRA LT-RIBMA KA bE
AR Z LV EALS 20 mm, JEA 2-5 mm (2T T-
HOERTFEFARL v hELTHWE, JEBROD R HERY
FIRL v Mg 78K T 850°C, 72 h BULEL4 52
LCUEA 2.3 mm & 5.7 mm @ 2 FEFEO AR MgB,
PNV TEAG T, VERLU 30BN, X BREIHT I KO RS A
Z . SEM+EDX (ZXOMGHIRLAR (b Fr k% | e
Pl S AT DMLY B AR L 7=,

3 WERLEER

Fig. 1 I[Z/EHIL 7= 2 FloD MgB, 2NV DANMEL 2R,
H RS RS T O RIXEBIT 100% 2L TV
BZEWNGy 0T, 2SN HLERD XRD fiftr X0 1xE
BFHD MgB, GO e HERENT-, ZIHD
ZEMD, BEHEHICL TH/ VT HIEET Mg O
WA TVDIEDRIRSNT, F-BULEK O
HEERIT T0%R11% THY., in—situ »S)V7 L TR 1.4
G To, LI2hio Tl il BE2~-0 i Fe 70 b g
NSV ZERLZ R B L7280 2 5,

Fig. 2 (/b7 i 2 B8O CHEE L7 il e s
DOIRFEEAFENEZRT, 10 K IZBWTEA 2.3 mm 23/L
7T 1.78 T, 5.7 mm 7SV T 2.41 T Th-o7=, £7- 20
KIZBWTIE, ZNFN 1.41 T, 1.84 T THY, JEHD
Mz e > TESEIT R L Z 1.3 51 BTz,

— 117 —

Fig.1 The appearance of the MgB, bulks with 2.3 mm in
thickness (a) and 5.7 mm in thickness (b) prepared by the MVT
method.

2.5

—0O—d=20mm,t=57mm
—@—d=20mm,t=23mm

10 20 30 40

T (K)
Fig. 2 Temperature dependence of trapped field at the center
of surface for MVT-MgB, bulks with different thickness.

HEE
AHFSEI JSPS B | K OSSCER A48 TR i
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1. Y. Sanogawa et al, J. Japan Inst. Met. Mater, 83, 9,
341-345 (2019).

2. 1. Iwayama et al, Physica C, 460-462, 581-582
(2007).
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Trapped field property of large—size MgB, ring bulk fabricated by infiltration method: evaluation
of the trapped filed homogeneity inside the bore
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1. [ZC®HIZ

B (RE)BaCuO RABEE LA (RE 1345 HHE I
F) AV NMR EEOBFE M ThivTly, V7RO
BEE AL IEADRTNT NMR 1§ 542552 LR TIL
TWA[1], LAL, (RE)BaCuO R/ L7 i3 AN — 720 R
BE () DAk oo ¥) G A S5-Ik~
TR TRDeZINTET[2], —FH . MgBy 7L Z I3 LR A TH
HZECHRT RN AR F£2(RE)BaCuO %/ 3L
N HATERIZ AR AME 28D NMR 25 12380V T MgB, 2N
N4 % (RE)BaCuO R \NZ A ONREEL L TR 452
LITIFRER A MRS D, MgB, 7NV ZHERLUCERL T, 3%
EIIIEFZ WA ARa AN THY 2535 15.9 K (2
BW TNV R HRORIEBEIE ) 2.4 TI31EEEARIE VY
A A DORBEIG DM E SN TNDI L NI ERIZITN
HIFINLEET LB TR O SV HERLA] §E
RRTEME MgBy Vo7 L DVERL 5, 2 TAMISE
Tl MgBy 7 VLR O NMR G % B 8L TR % C MgB,
UL TN T AR R T N ORI ) — FE A3 L 7=,

2. RERAE

JFEH R ITAERS B ¥R (REEE 99%, Rifk 45 umbl F) &
Mg K (Wi 99.5%, R 180 umbL ) Vv, 9. X
JEORHEE MgBy RIOPA L D= B By Rzl B R — L3
S L TEEHEEE 600 rpm T 1 h ¥y#eL7=, 7B
WELT2 B MyRZ4ME 60 mm, PR 40 mm, JEX 15 mm DY
TIRICFHE L% . FD 112 Mg REFEL, 7L F
FRCHEAL, 2BV 7 ORNBANIZAT VL ARLD A~ —
P —Z LB L7z, BVILEIE 900°C T 24 h {7072, ik v
D% 2 EVERIL (ENFEND ST EISNLT A SV T B EIRE
S ENENBEAEBL O HERIZLIZRE TR T N OH
PRSI AME LT, Fig. 1 \ZHIHERESS 2y MR E 2
BN %7~ 3, 7L DRSNS AT TNV IR T g
R &5 A% E 2 UT, RS040 13 25 K CTREG P im
HFERE (FCM) DBEEIR Y — 7 24Nk 3 570 S O I
IRBERETHS 20 K AT ETHAIL, Zih ElckBWTh—
NEFEERTHIETHELEL,

3 WERLEER

Fig. 212 2 fH> MgB, Vo773 L2 (444% 60 mm, PNEE 40
mm. EX 15 mm) ZHETTLEICLFEA MBS T
IVE LU GG ORIRRESS A T, BRIV Offite
B A X S L 7 EHIZE W ILRIZ R L TR Y LY
BEIFENIKIL TE—THHZEEZRBL TN D, ZITA
VT BIZBWTHAHDH LD =1 mm ONLEIZHDDILH]
FEDFRZEFTANT VI NOBEARIZEDLDEE X HND,
FT2 DDV DI KA X R — & CERL 72
IZh 3305 20%6\VFE 738 > 7-, NMR 2EE ORGRR I/ L
IR B AT AR O AN I RSB A LNEESR
572 A RO IR S R E D B2 B N 7 & FR R S
VI OS5 E LTz, 22D/ V7 DR %
z=0 mm &L, AlDBOEKIZ LT A, EOREKIZ LY

— 118 —

B ZRLE LTz, 7 VL7 EEOE KIS m EL
7o, 770 ZHLEL T B2 (LR D 4340 121370 & 3 il HE R
LDV B ORI TR EWIRBY A R LT, L
oV NGNS R 573 Ty VY ek S Y et VAV 7 (=0:: U Nl
DHEELNWERIBIND, iHIH TIHIVEIDOREZVVLID
ek Ao N ORGG 73 A & F Tl 975,

z

SUS rod —_
Hall sensor Cu holder
/
¥
Y

4

/

I
MgB; bulk

1
Vacuum chamber

Fig. 1 Schematic image of the trapped field distribution
measurement system.
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Fig. 2 Trapped field distribution of the (a) single and (b)

stacked MgB, ring bulk.
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Trapped magnetic field properties of BagsKy4Fe,As, polycrystalline bulks fabricated
by a spark plasma sintering method
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NAKAGAWA Kohei, NAITO Tomoyuki (Iwate University)
E-mail: kohei@iwate—u.ac.jp

1. Fim

2008 FEIZHIT2ITHE RSN RABAEARIT, &\ U
B He ZR 3 7S @G IS A0S RS L CD, 7203Ch
(Ba,K)FesAs, (Bal22)iZ. EVVBIEZEIRE 7, ~ 38 K&
TRL. BRI R ITHED NS N EME | Lik s R TORE A
KBS WA E T b, BEx—situ powder-in—tube (PIT)j%
ICEDVERLEND Bal22 Sk 1T, MUK B R BRI L L
IELNZR) o723 hot isostatic pressing (HIP)IEIZXY &%
EbTHILT, BIETIE 4.2 K, 10 T IZBWTERAL X
NTHD LT 10° Alem? BWELI TS [1], F7=2., £ Weiss
B HIP SRIC TERIL 72 288 4 Bal22 /Su27id, 5 KIZEW
T 1T OS2 R 95728 | SRR b0 B 7= A
ZEBATIHON TG [2], ZOED 1% 4.2 K, 10 T 128\ T
10 A/em? THY B D JISESITHZE T, TR DS
BB R CED, ZD—J7, & S BMELNDLEHE
MgB;y 73V 2713, HIP J£{Z3F O spark plasma sintering (SPS){%
TOERMNERESN TS [3], LLARDD, Bal22
JVIVERLA~OMEFH BITIEE A E B TUVR,

T, AWFZETILFE AR KOS EIC L0 ERLL 7= i B4
(Ba,K)FesAsy By R EEH FAVNVT, SPS BERE IC LD @ B % it
B/ SR EAERLL | R ARE M I QNG Ol & %
1777,

2. ERAE

HIBRA TH D BagsKoaFeAsy iRIT 2 BRSO B SE
(&> THERIL 72, BB LT, Ba(99.9 %, Flekes), K(99.5 %,
Ingot), Fe(99.9 %, Powder), As(99.999%, Powder)Z#Hak T
EOEIRAL, Ar ATHWI-LI2/ a—T Ry AR CTAT
VABIZE ALTZ, K & As [ ZBVLER R OZRFKIZID AR R T D
RN Ho720, 10% AT, ZOAT VA EEET
800°C. 12 h "CTHERRL ., B L7350k A2 FEE R L CAT
LREITE AL T, 900°C, 24 h THERLLT-, 55N 7= RiTER A
Bal22 ¥yRI%, 40 MPa OEF] FC 800°C, 10 min ¢ SPS %E
FEAITUN, B 10 mm OBERE SV 7 (K& ERLLT-,

DR E ST D725, Cu K o B E V=R X
BREPTEIT o7, Fio, ALRBIEIZIT SQUID REHE %
AV

3. MERLER

Fig. 1 (2. SPS Bif% ™ Bal22 #klD XRD #EHEAExRT, W
TNOHELHEMERLN, ZD7, SPS BifkIc ko
BOS IR E TN EE 25D, 7=, SPS BEfE% o
IR DI RIT 93, 4% L@V MEN SN,

Fig. 2|2 SPS fii#4 ?® Bal22 #EHT BT AR ROIEEEK
MR, BiBRATHS Bal22 YR D 7,13 35.4 K Th-
7oo BRERZRE DI K 7,738 K LEL~ KW EE FL L7272 DI,
K OEHENMEIALIE DTN ELE LR TED, —
J7. SPS BEAE% D Bal22 NSAZIZEITD T ILRTERANSZE

bbihot-, Bal22 @ 7,13 K B EIC Lo TR b 5720,

K 3Z8F L TORNEB A DND, £, BIBRAL A~ R
P 7 F N DR LR HDIT, Zhud, BB O %

— 119 —

{BICEBBIREARTE S RO ENRINTZEHEERTED, 2h
HOFERIG, HIP LTI SPS EERAWAZETY, mE
FET2 2 Bal22 SO EARRITE LT EN DR o T,
HETE CITEAS 10 mm DA LRIEED SPS S CIERILT-
EFE 20 mm DS G Bal22 /S ZRIZHOUW T, B
LHIRRE SOV TR,

4000

3000

Intensity (cps)
S
S
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Fig. 1. The powder x-ray diffraction patterns of the
BaggKo4FesAs;  precursor  and  the SPS—processed
Bao,ﬁKoAFezASQ bl.llk
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BISAVEIEERIZKD KR—T Bal22 R/ \ILIVDERK
Synthesis of K—doped BaFe,As, polycrystalline bulks by spark plasma sintering
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TOKUTA Shinnosuke, FUJII Rikuta (TUAT); SHIMADA Yusuke (Tohoku Univ.); HATA Satoshi (Kyushu Univ.);
YAMAMOTO Akiyasu (TUAT)

E-mail: s195941r@st.go.tuat.ac.jp

1. [ZIC&IZ

PRBIRER[1)DO—FETHD BaFerAs; (Bal22) %,

T. & He 3L, BB FE~OIS ARSI,
Bal22 Zifffh el B R IR A i 412 B SR BRI kL Ak K i
BRI IVHIRE D ZER MBI TEY[2], A
(AT CITARMLRE LR 2 EE D) EANE B TH D, i
T A~ BERETE (SPS: Spark Plasma Sintering) (%, /¥
I A a R LT EBERS 5O —FETHY | R
] - AR BERS 25 FTREE WD R A RO, ARWFZETIEL ik
BT 7 A PERRIEICEYD, A 10 mm, JEZAH) 1.3 mm
ORI K K—7" Bal22 £kt L7 &2GRLTZ, B
s L L & O P P 2 T ABI L L G 48 | AR RS | A0
R BB R AR L 72,

2. EEBAE

RAEEFEHRDODIe —T KRy 7 ANT,
BaysKosFerAs; DEIGTHIKEBEHEL, R—13
JVIRAB]T5ZLTK F—7 Bal22 FiBR Ak K& 1R
L7z, BIBRARY K2 10mm DV T 7 7 AN A /30F
(2G5, 50 MPa O—#ili [ 7] FIZ38V T, +50°C/min
T 500-900°CETHRL . 5 min £7-1% 30 min £
FEL72#% ., |RIEETHAEIL-, BEEHIE ., XRDIZLDHE
FSFH 33 KO R PE R . SEM I X ARk B2
SQUID VSM ZXAmLHRIE, PPMS (ZXLHmE ST
KU EEFToT=,

3. BR-BR

XRD X0, /ERIL7= 2 CTORED Bal22 #FFHEL
TWAIERbhot=, £/2. 5 min SREFLZHAIX
600°CLL F. 30 min FEFEFL7ZE85A1F 550°CLL D BERS
EETIZIZTHEFAO Bal22 2NMEHIT-, BERE B I35
FEIREE oL LIz L, 550°C LA b TR % B
D 90%LA EDEBEE LIS, £T2, 700°CLL
b CIRBERE B 1T 98% F THI ML 7=, Fig. 1 IZEX
YR OBEEERTFEEZ R T, £ TORED B EER
BaarL, BailPticE L, T 3B IREoEmE L
HIZHEINL , 700°CLL E Tl N — 7" - Bk db L 1E
ER UGS, Fig. 212 J. DRI FEMEA R T,
self-field J. (. 5 min fRFFL7=55513 600°C, 30 min £
FFLT-S A1 550°C TR ERD, 1x10° A/em? % E[F]

27,
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Fig. 1 Temperature dependence of the electrical resistivity
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Fig. 2 Magnetic field dependence of the critical current

density at 5 K calculated from the magnetization
hysteresis loop using the Bean model
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Nb B U Nb-Sn L &M & RIEEALLT= NbsSn /NILVEIZERDIER &
HMEREVIEOHEH
Fabrication and vortex pinning properties of Nb;Sn superconducting bulks using the precursors
consisting of Nb and Nb—Sn compound
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1. [XC®HIZ

NbsSn BAZEARA1E 10 T 2B ABMEE~ 7 K% > MZ
JSHENTWS, —F . NbsSn T — 7t A8k o U o~
H—IBIRE L= b DT 4.2 KIZEBWT 2.24 T OFH{ERYS
NEENTWAL], NbsSnit 10 KITBWTH 15 T D
B RO R RS A R o728, 10 K TO/NV T K
LHLELTOEWRT Iy L EFsTWnWHEWNWZ 5,
Fexidhy NV RBICEVERI L7207 (R E W T
11 KIZBWT 1. 156 T oSG = &7=2], L Lgn
5. RRENE O CHIE LR ERBEE I3 L
PRl LT LM 728 L D1 R X0 R o 1h a3
S A, NbySn D72 B ik o Stk i ch 57
B RIRBERS IC X o TR R 23T Z Ltk > T
W BT 2NN H S, A TIENb KT Nb-Sn (LA
ZRIERAR & UTe v 7 R 2 AR U ARS8 R M 2 51 A L 72,

2. BEBHE

JEEPEY R I IE Nb By ok GRILEE 99. 9%, Kifk 43 um LLF)
Sn R (HEE 99. 9%, RIFE 38 pm LLT) &2 H o, A
ZETIL 2 DD JHET NbaSn 7L 7 (KB ERL L 72, 1 1 Nb
ESn &3 1 OfLFEERILICESEFE, BE LIk,
—H 7L ATy MR E LRI RIS L CE =T
800°C X 100 KffH] OBVLBE 21T > 7=, LAEZ 1% one-step
EMES, 2 DIXETHOIZHIERA L L C NbSn, & Nb & Sn
Z1 2 CH&E, RA L7Z%EZEH T 800°C X50 KEf o
BSLFR A L CERL U7, D%, RiBRIA NbSn, & Nb & 1
5 CHE, IRAELEBICEREF L7 1L 2 &7,
Ly MIRE L7, BEZ2hC 800°C X 100 BERE O ZILER %
1To7-0 LI Z O FEE two—step & FESS, {EHL L 72 NbySn
20 7 ARIE X ET (XRD) 12 & - THE AL FE 2 [FE L. SQUID
TEHFHT X DREALHE 2> B BB A P 2 310 L 7=,

3. EERHER

Fig. 11Z one-step & two-step TEF L 7= NbySn /31
JARD XRD RE—2 % T, EBHD XRD NF—U0nb
H HEYD NbsSn UIAMZRIGED Nb & H LG D NbeSns
DB STz, AARIREE (~930°C) L FIZH VT H NbySn
FOERT 2 Z &M 3hole, LML, RGO N &%
BEOH LAY NbeSns DIFFEIL, 100 B OLRRFFR Ci
H—O NbsSn FHOERRIZIT A+ ThoTc EE XA 5,

Fig.2 I one—step & two-step DR{LDIREMRIFENEE
AT, ENENBLEEEBIEL T one-step 2% 17.8 K,
two—step 23 17. 7K TH o 72, TIFE—KIZHE STV
5 NbySn @ .73 18 K THAHDIZx L CRIZEDETH -
77 WAL DR E XX two—step A one-step £V H K=
W28 NbaSn DT ERBL N ENF 7_50 T, Nb &
Sn OIEHSUSDRIBRERZFH L7z Z Lok v EiE L7=7=
W NbsSn FHOAEFRB RN ENF R D,
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Fig. 1 XRD patterns of the one—step and two—step NbsSn
bulks
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Fig. 2 Temperature dependence of the magnetization
after ZFC and FC for the one—step and two—step Nbs;Sn
bulks

SE Xk

1. M. Rabinowitz et al.: Appl. Phys. Lett.
(1977)

2. K. Amase et al.: Abstract of ACASC/ICMC/CSSJ
Joint Conference, 8P-07 (2020)

30, 607

£599I1  20204F BRI T4~

CREEEYR



3C-p05

NNV R - R

MISECMIC & 23 E c BB M Bi2223 LG MmM A DRF

Development of highly c-axis oriented Bi2223 polycrystalline materials through magnetic
grain alignment process
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1. [FC®IZ

ZIVETH # 1X(Bi,Pb)2Sr2CaxCus0,[Bi2223]2 i b A4 £HT
BT A E T O ST T TR RS SRR L RV AR
FUTET[1], il TIEFAEMN L @B D\ ¢ flhfd A
FARE DT R FTREZRE A BHZIE B L THY ., ~1 GPa OH
] —dih "L 2% 25 Z& T Bi2223 JEMERES 20 K I2BW
T~40 kAcm? EWVIHEIW J B FLER LT 2 A LT [2], feft
VoK AR A % O i 7o s BL ik IV B L TR, 30k
BRITOTZ0EE ¢ ThEL AR E TR T 228 T, JVERO
BB INVTEBHZBWTHE W Jo OFEBEMFFL TV 5, |l
[T TIEE L CRIB LI ARIR R R & sz, 022 T @
P CUERIL -3 BHC B W T RUBI NI TEE ¢ #hild
MR DT RRIZ R B U= 2 s Lz 23[3]. @mIET LA,
BULFLE D J 1T 20 K IZB W T~13 kAcm? &00fKL VI &
EFEoTu=,

U EoBEHEObE RUFFETILE %S E G E ¢ fifdn
Bi2223 &GS BIOBEE B L L, (RIEREGECLRTEIZ LY
VRS 72 ¢ dihic ) s EHO R L C L VLB St R i PRSI S
O F bR AT,

2. EEBAHE

FEHZIET 4 — A —E— B OREE Bi2223 AR (Bi:Pb
=1.7: 045, 1.6:045) % H\, FiE&EDOTH /) —/L & AR—/b
SJUICED 40 BREEATAZEICE D AT ) — &R L
7o BRI IAITRAER CTH LY AT ) —%, Kk
022 T OFA Y LA EICEESHRAIRELZ LTS 2 &
2 X VAT o 7z, itk OFE 2 3%0o/Ar Kt CRERL L |
Ag ETUL—HT LR - BERL AR VIR LTz, TV AET)
I% 100-200 Pa, & 5{2~2 GPa £ TOEET L A % BEpny
\ZfT > 72, Po2=500Pa FTOA&BMEHIEZ BRI E Lz
BILARA BT =— V& fE LTI BRELF 300°C TO
T ==Xy U T OH NG —— R—=T IR
DR HICBEELHIE LIz, FUBOMEBERKIL SEM 12 &
DBIER L. BREHEEIT SQUID ERE 2 W7 L AT IS
TEEZEIIN L 72R63 T CORALRIEIC L 0 3m L=,

3. RERER

Fig. 1 {Z/ERL L 72 Bi2223 B OB LR DI E K AR
T WTHORERLEE 4 BlO—#7 L A% M2 TRY, #
B e BRI RS B A M LTS Y — 7 7B iR &
L7z, Fig. 2\ ZVER Ui B O BB IR ICLDBIE LTZ Je D
TR RAEIE AR T, Pb 2 D & O TR 7230 BH T
Pb #FE DRV AR DFBHI R TEW Je 27RL. 20 K T
~33 kKAem2 IZEE LTz, Y HITBERR G528 2 TR L 723k}
DY SN TH AT 5,
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Fig. 1 Temperature dependence of normalized ZFC

magnetization for Bi2223 bulks synthesized from

different nominal compositions.
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Fig.2 Temperature dependence of J(intergrain) for Bi2223 bulks

with different nominal compositions.

SEH

Y. Takeda, et al., Physica C 534 (2017) 9-12.
Y. Takeda et al., Supercond. Sci. Technol. 31 (2018)
074002.

[3] T.Iwami et al., abstract of 10" ACASC-2"" Asian ICMC-

CSSJ (2020) 11.

H99]  20204F FEA TR T - EEE AR



