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Persistent current mode HTS magnet cooled by liquid Nitrogen
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Fig.1 Pancake-coil wound with the REBCO-wire and
aluminum-tape.
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Fig.4 Result of persistent current mode test of the HTS
magnet.
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Table 1 Fundamental performance and factor of persistent
current switch.
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Table 2 Test manufacture of persistent current switches.
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Fig. 1 Overview and structure of persistent current
switch.
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for conduction cooling system
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Fig. 1 HTS switch composed of a non—inductive winding with

REBCO coated—conductors.

Table 1 Specifications of the HTS switch.

Parameter Value
Tape width (mm) 4
Tape thickness (mm) 0.055
Tape length (m) 20
Inner diameter (mm) 50
Outer diameter (mm) 81
Number of turns 57 X2
On resistance at 77 K(n Q) 160
Off resistance at 100 K(Q) 11
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Fig. 2 Temperature dependence of the resistance with 0.1 A

Temperature (K)

supplied to the HTS switch cooled by liquid nitrogen.
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Fig. 3 Switching test result of the HTS switch under
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conduction cooling configuration.
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Experimental study on detection voltage and current—decay time constant enabling protection

of conduction—cooled RE-123 coils against quench initiated by

transient and local thermal disturbance
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1. Background

A conventional quench protection method is to monitor the
voltage across the coil, if it exceeds a threshold (detection
voltage), a circuit breaker is activated, and then the coil current
transfers to the external dump resistor and decays exponentially
with a time constant, which is equal to coil inductance /
resistance of dump resistor. The conditions for successful
quench protection (detection voltage, time constant for current
decay, operating current, etc.) have been studied theoretically
but were not well clarified experimentally for conduction-
cooled RE-123 coils. In this study, we discussed the influence of
detection voltage and current-decay time constant on quench
protection experimentally using short pieces of sample.

2. Experimental method
The standard coated conductor fabricated by SuperPower Inc.

(SCS4050) was used in this study. The procedure of experiment

is as follows.

1. Apply magnetic field.

2. Control the temperature of sample to a certain value and
measure the critical current.

3. Apply a certain current and control the temperature of
sample to a certain value.

4. Using quench heater to initiate normal zone.

5. When a normal voltage over some threshold was detected,
the current provided to the sample from a power supply was
decayed exponentially. This procedure simulated
conventional quench detection (detection voltage) and
protection (using a dump resistor, where current decays with
a time constant = coil inductance / resistance of dump
resistor).

6. Measure critical current to verify if there is degradation.
The experiments were done with the procedure above

varying detection voltage, time constant and so on.

3. Experimental results

Summarize of the experimental results when time constant and
current were varied with detection voltage of 100 mV and 20 mV
are shown in Fig. 1 and Fig. 2. In these figures, circles represent
that there was no degradation after quench, and crosses represent
that there was degradation after quench. There are two dot lines in
each figure, one represents the limitation for a successful quench
protection (no degradation after quench) and one represents the
boundary where hot spot temperature is 300 K.

Using these results, it is possible to verify whether a quench
protection system is suitable for an HTS coil or not. For example,
if the threshold of 100 mV is allowable for detection and it costs
0.1 s for activating circuit breaker, when transition current is 100
A, we can know that if inductance / resistance is less than 3, the
protection system may help coil from degradation when quench
occurs, but if inductance / resistance is more than 6, it is hard to
protect coil with the same system.

The results also suggest that how we can increase the current
density in a coil under a certain quench protection system. For
example, if we can achieve the inductance / resistance to be 1,
with 100 mV threshold and 0.1 s delay, we may be able to apply

747

125 A to a coil safely, at which overall current density is 312.5
A/mm?,
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Test results of a stacked REBCO pancake coil with electrically conductive epoxy resin under
conduction—cooled conditions
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Fig. 1 Photograph of impregnated single pancake coil using
electrically conductive epoxy resin.

Fig. 2 Schematic drawing of a stacked REBCO pancake coil
with electrically conductive epoxy resin.

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 567 mm
Height 30 mm
Turns per single pancakes 156
Number of pancakes 6
Inductance 0.89 H
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Fig. 3 Over—current test of a stacked REBCO pancake coil
with electrically conductive epoxy resin at 40 K.
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Fig. 1. Cross-section image of deperming cable set on seabed.
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B2,

IO DEARD G ANTHEAR E TR LB TZ 80K DJE
FE~U7 LA A(700 L/min, 8atm at r)ffEREL T 1.1 0 CTEK
IBE8IK IZHET D, IRUNT 10K IZHEIL T2 [F— ks s~
VY LT APEERICEY 1 B CEARIREE 20K (ST DR Lo
7=
4. !f‘nnﬁﬂ

SERCY AT BELTIRIAKFHHNT LD MBS AL

T-EARDMEMRA L IREEHERF O S CTRIENDY , BT

DHBERMEREIZIL ReBCO #M L MANVT AT A HNZ I DR

BRLTEHIEN Tz,

HiE ZOMEOHERBOT-OREKBHHAZREIN -V

v R HFEARRLE RITEHLUET, FlokFBHHEER O R

FEZ T AN TN W R AR — RUFEWOIEH L E 5,

SEHK

[1]  Hirota, M., JSAP Spring Meeting, 2019, 10p—s224-17.

[2] Watanabe, H. et al., 2017, /EEE Trans. Appl. Supercond.
27 (4), 5400205.
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Contributions of Prof. Tachikawa’ s Laboratory
in the Superconducting Materials Development in the 1970’ s

FitF—IE (NIMS)
TOGANO Kazumasa (NIMS)

E-mail: ktokano@khe.biglobe.ne.jp

1. IZL®IZ

JAFED L D12 1911 BT A SN BIEE ORI
FANthE S 7=20i%, FEHREE O 1960 I AT D
THD, T 1961 F, Kunzler |25 5 NbsSn BpAF DRES
e L OB E (1], Fhick< msmEESRE MIT)
WZB T DR S EBGBERE~ 73Ry N OEREDO®
ik, HRUCHERE 5 2 7o, KIDINEEOBEEEZ WL R
<EmU, #1962 FITIXA B EHLIRI T (Bl -
MrRHIFSeAE) ICBMREIEE 2 D B BEERM O
BRREZBIAE LT-e KIIBIE Ty Ho DSEEW S OO TAE
WZEEDN B o Io B AMBEEEOHEICNE B A
F L. ViGa, NbsSn, NbsAl 72 B2 < OB & 681z LT
Wi AR L, 4 B O BB S5 RR
DOWEL 2D EERERE L CE -, ARETIE, 1960 4
R 5 1980 FEARANFEITH T TORRZEE M 2. KT
T N—T DIEHE P L TIR D IR-> TH B,

2. REGET—FT LTV X ED R
KINTN—T DI RKROBFEIL 1970 FO7 v 2 Xk
DIFPTHH[2], LrL, BHDOE 00T I o 72DIF,
1967 4, ViGa RIEIEET — 7 Z B I3 A LTz Cu Dfil
B TH 53], REIEHBIER &I, 1965 4FIZ GE O 7
JL—"T" 3 NbySn T — 7 OBFE TRFH L Tz 4], —J5,
ViGa \CRI U FEEEAT D &, Ga lCE ARIEBRE LS
MRS AR SN TLE Y, L L, XIS XD
SXEMATEIE T B EHIE T D Viba DAERRNE L
SIRESND Z & B BIRFERLLTZ[3], T Cu Ofiiish
RiZe v FEET, KJPYIUBIEV & CuGa 4L DBE
REINT, BVLHES 25 Z & 2 A, Vi6a % [E AP CH R
SHDH LTI LTz, KETIEE HIZ Nb/Cu-Sn DEA
IR CREAED EER 21T - T NbySn DERIZALLI L7=[5], LA
BeZOFEET e XIEEMEND X 5127508, <
e b THRERS M OERZRREL 720 &
i~ 7 % SR E > TR A TH - 12,
ZDXHIT v RiEE Vs6a THEENZN, ZDH%IN
THEA B NbySn 3BAFE D EiIZ 72 > TWL , £ ZTKI)
JII ST NbsSn 7' 1 o XHbt D55 1. T & - T il s itk %
WETHEHBNT, Fix OILEEZIINT D REH 2T
ET LIz, TORERER, Ti BSINEBEHEOSRE TR D
B THDH I EZ2HALIEI6], BLETIZFEM NbySn bt
DFREIZ T MTPIME TN B,

3. TRVREDHRER

T RYEORROR R, Cu-Sn a3 L k3
5728 Sn RN IRE Xdv, AT AIC H RISESE 2 % <
DIRE2TNER BRI ETHD, ZNEMRIRTDHF
B L. 1972 4EIZ Suenaga &% Nb/Cu S EZMT L
T Sn ZAE B ST B Wb AN IREE & R FE L
TWA[7], 0% b, WEIERIE, =47 F 2 —71k,
YVl —ua—ik BREREZLOEB SN 0k
ARRAH S, BETHL Yo 2odENRED ST
W5,

—FHFEAEE TR, BRI Cu-Nb 548 nb A X — b
T in situih & METI D FIED 1973 FIC Tsuei (12X -
THREINT[8], Cu-Nb A& ZiMI 425 L. CufFEN
12 Nb #HEDS D HL L7 IRRE G B v, = OFBFIT Sn &4t
ER DIRHE S ® D HIETH D, NbaSn 1THEHERIZ 0@ L 7=
FECHEET 20, — LU EOERBERNHIVTTERIC
Ko THEBICKRER LB OND RBALIXZD in situ
Ha VGa lZmf L, 7 a v XM ICItid % overall
ERFOZ LR LI[9], & BICTHEEEmA T — 7 IR
W7 Ga BARIC L DA — T v AL T L. 1986
FEICE BB IATIC R E Sz 181 T inE~ 7
v ONERABM L LTlEbRT,

4. NbsAl, Nby(Al,Ge)#i 4t D RS

NbsAl, Nbs(Al, Ge)lZ VsGa. NbsSn LV & @ 7o Ho %
BT DB LB - Tz, 1970 RO WA
WZIEMIT O 7 N — T N EEIETHRM 23 E L T 5 [10],
LU, AL M8 D TEIR T LOMEE L7229,
HFF L7 & 5 RS S NZe o Tz, TDk, ZORME
BT B T2 DIZIERITE L < OIS TN, £
FUSITEFRAICIZ DT T E 5,

—DIIE AR LR T 5 Nb & AL (Al-Ge) DY 1 X &%
IMEL TS ERSIZ L, (KR OEULE b2 Bk
WZEDT 5 ETH D, WANTEED LTz DiX 1975 4F A ¥
V7 DT N—7"T, b FEE LTy —m—
IEEBRA LIz[11], 20%, HAE RO DIz,
MRBERC=A T T 2 — TR EL L OFERRAE LN

B —DIIEEN L EEART A HETH B, EED
1%, Nb; (AL, Ge) Z @ik H O BEIERMD L, AR Sz FE
BEOIBEAFN bee F A KR THOM e A15 MICERE S|, FE
WA T @B TR Ak L7z [12], 2%, KJDJIT
N—F T ARERERL L e —ARE LA O
72[13], Zed, BTN BIE, BEEEEELZFIH L8R
BERIEIZL > T, LEBBORR Nb:Al OFERUTRL)
L. BIELBIEHEHENED SN T 5 [14],

SE Xk

1. J.E. Kunzler et al.: Phys. Rev. Lett. 6 (1961)

2. K. Tachikawa: Proc. ICEC., 3" p.339. lliffe Sci. and Tech.

Publ. Berlin, 1970

K. Tachikawa et al: Jpn. J. Appl. Phys. 6 (1967) 782

M.G. Benz et al: Cryogenics 3 (1965) 248
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M. Suenaga et al: Appl. Phys. Lett. 20 (1972) 443

C.C. Tsuei: Science : 180 (1973) 180

H. Kumakura et al: J. Less—Common Met. : 79 (1981) 181
R. Lohber et al: Appl. Phys. Lett. 22 (1972) 69

. S. Ceresara et al: IEEE Trans. Magn. MAG-11 (1975)
263

12. K. Togano et al : Appl. Phys. Let. 41 (1982) 199
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Fabrication of Nb;Al and Nb;(Al,Ge) superconducting composite tapes

by high energy beam irradiation

REEEH, Frb—1E, KJNISE (ki)

KUMAKURA Hiroaki, Togano Kazumasa, Tachikawa Kyoji (NIMS)
E-Mail:KUMAKURA.Hiroaki@nims.go.jp

1. [ZLsic

NbszAl <> Nbs(ALGe)l T _EFBERSBEF B 75 NbsSn L D b
EL VA~ Ry NHOBM E LTHEEEEZ 261D,
L LR IS DILEMITB W, Bzt
FEFER A FEAE IR 1600°C LLEDEIR TO %
TENAFAE L, BRI B T 2 PR EE DL AT b F Bl
LD b ALY D7 o TS, L) RSN
HD, DD, TR BoDEWMELEMEEL O L ThiE
1600°C LA EOER CILEME ERT ILENRH DN, =
& OBULELTIT 9 L AT % NbsAl OfE kI E
LSHAE U R EBEREE LA KIBIEFLTLE D,
EWIOHESARD D, B J HIENTZBMEE D0
IZ. EECTORIGZERE TR SE-%ICAam L., i
ROM KL ZMMET L2008 EFHEEZBND,

ZTITEFELI VP —E— LB -0 EDE
TRLF—E— AR EZF]H LT Nb-Al FEA %2200,
— B HIT D Z LI L o THIMEOEEILTZ NbsAL bt DRk
VEZAT o 72 AEE CIEEICEF E—2BFIZOWVWTED
W2 RRD, 2B, L—V—t—2ABEHZ W TIESER
[1,2]. BF B — L2 BBENZ OV I SCER[3] T TR T
HDHDT, FEMIZNSDLEES R I,

2. EBRAE

E—ABET R (T NI — S Fa
— ZIETERL U 7=, Rif%E 40pum O Nb B L VAL YR, £7-
USRI lum D Ge R E Mz - b0 E R IRAE L
THME 20mm, PR 16mm O Nb FICHFHEL, AT =—
V=R B NCEr— A2 AW TESK 100um, 1E
4-6mm OF —FIZMT.LT-, BT E—ALBHIETE—
LR E W T2, BT E—2AONMEEET 20kV
ThV ., E—LERIT 5-30mA O TEILESET-, &
E— ARRIXT — 7 RKIETOMEN 2mm & 725 L5 ICESE
Hrio®lz, BEHIZEEZ 6m/r OEE T — 7 RFHM
IR S ECGEGEICRHN Lz, T — 70 H 545513 E
E— AR SN TWARRIL 0.02 B & FEFICHE W, v
— ADTRIVE RN ENO T BRI IR E ThnEk
IND, BHE, WL O90REHZ SV TIX 650-800°C T
100 D7 =— V% Hii L 7=,

BRI ATTR O T — 7 OfEiE - FOHERRR & 6 B EE(0OM)
72 B N A B T BEIEE(SEM) TR~ Rk L =M D[R E
Z X MEPTI T T o 70, B O T i TAZHER) 70 BpTIE TR
TE L7, LT 42K R T T A HPuEic L v lE L,
Je 1 I ZMBENT X > THRISHE Z - 72 G800 Wr i A5 TR
LCRDTz, 31T £ TOMMZ T — 7 I AT, BRI
WCIEELCHIIN L72, 17-31T CTOREIZHILKF 4 BB
TFIETRBEEiER I BV TIT o 72,

3. HERLER
3-1. W& - A

INTE#OT =128 TiE, Nb BLO Al IZE &R
12um D7 7 A N—=RIZMTENTT—TEFFEIHT
ELTWD, £72 Ge 137 — 7T HRAH 0.5um DHL
FELTT =IO L WA, BTFE—20OEINRH
BHEEFEUNOIGEILT —TND Al 7 7 A S—D B3R
FHZ L - TIRENRAE & 72 > TP OEE Nb & L, 1B
F%H 7 7 A N—ROMBENE D, ZOFEROE—2HN
X, Nb-Al 7 — 7 THI 400W TH - 7=, EEFELINDOH S
TR LZ7—70 OM #2 (BGisfkbi) 250N X
BRET S . BRESEINIZIT A15 BLoD NbzAL & & BITIES
BED N AL ERK L TWD Z & 23> 72, SEMBIZZ N D |

787

NbAl [ZRIEDFERE Nb 7 7 A 73— JH BITRER TR
SNTED | N ALTFEIZZE OIMAN TR S AL TW 25 O3
bhol—, EHIZ—EDOT — 71T O\ T HBImE RS
Bhl{Tole & A, NAl fEERLO K & S 1330H nm 2
THY ., ZHET7 — 7 BEEZ AV CEIR TG S 8728
B EHART T RENS L BT — A RENENRE kL
DOHKRALDIHENZ A 72 = & BNbonDd, B L7Z NbAl
DT TEEIE 0.5185nm FitE TH Y . T L VIZIFLZFE
SR D NbsAl AR L TWD EEZ BN D,

3-2. BEERHE

BT —ALBHBEOT—7D T T — AT X LF—N
WRT D EEHICAEICER LT 200W #if% CHRAMEIC
FEL.EFNLURITEHNNPHERLTCHIZEAE—TEEE 2D,
— T JATEFE— LT X =L L BT To L0 BIERH
W2 ES- L, 400W B Tl REZ LD . S BIZH 7
L JIFREBIIET T 5, L EZRKIZTHE—LHAN T
ERRKICTOHNED LEL2D01E, £RT 5 NbiAl
(LEMOENE—L2HDE L BICHERTE-DEEZD
N5, Nb-Al 7—7 D J e KIZT 5 H ) 400W 1%, 3-1.
TIRARTZ T 7 A N—Hk 7 & BEE MR BT D IERTO
HC— L TEY ., 400W DL ET I DEHMIIETT 50
X, Nb > — AL EDO-T — T RIEOEMMNEZ 0, ARk
SN D NbsAl DN KIBIZHD T 2720 B2 615,

FEHE S O T3 L F M amfER D NbsAl 25 LR
N ZHUEERN B RAE L7224 /% L7z NbsAl fifa o
FHAMENRZDOEFHE-TWNWDHTZDEEZDBND, ZZT
R BZIIKIRETTY =— &7 5 LSS OMAMENH E L,
Teb ERT D, fise T =—/VIREIX 700-750°C TH Y |
Z OO T.GERB M 5)1E Nb-Al 7 — 7T 185K,
Nb-Al-Ge 7—7"T 202K &, ZNETIZHEINTND
NbsAl F L Nbs(ALGe) DI m IS TV MERN S ST,
Nb-Al 7 — 125N\ TlE, L—F—bE—LBHOEA HI1F
EELW T RAHELILTWVS,

Je-B FFHEIZOW TR, IRET L2 B % O 7 — 7Tl Nb-Al,
Nb-Al-Ge 3£{T Jo 13 17~18T TSR AME AT Y . &
DIHAN EATHEIKRTT 2, ZORTOHTIX
Nb-Al-Ge DFFRFESNTH DN, ZIL Nbs(ALGe)D 7
ANDAL LV b Bo NEW 2D TH 5, —J7 . REHTE 7000C
TV == LT —7Tik. 7 ==/ LT —7 T
TH LN Je-B FFER SN E SN TE Y  Nb-Al 7—7 Tl
23T £ T. £72 Nb-Al-Ge 7 — 7 TII~27T D &R £ T I
TEEACIRT L, B %R OT =— i L o THEB
NWCESTBa b FRT2720TH 5, @AM D Kramer
7a -y b D Bo@2K)EE T 5 L Nb-Al 7—7 T~
~31T, Nb-Al-Ge T—7"TiZ 35~40T L AL HND, &
FE—LHH LT —7 D J 1 Nb-Al 7 — 7 TlE 25T £
T Nb-Al-Ge 7—7"TlZ 30T DR E T 10%A/em? LA &
WHE OB LV ESHET — 7 L il U CE
PERKEEICEN TV D, FEREN T BtEidr—9—
E—ABHIC Lo THESNTWS, £/, Ti IILE
NbsSn A & B L TH, @ERITR T D SRR Y
— LB LT — T O NILDENTENL TN E N
Mol

SE X

[1] HE e R LS 5 21 4(1986)339-342.

2] WHE B KRS 5 21 4(1986)343-347.

[3] REATEIM  AARGBPREER 518 (1987)465-471.
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Development of A15 compound superconducting wires at Furukawa Electric Co., Ltd.

AR BIL, SR AR, wik R, Ot FEL PR Z EE L)
SUGIMOTO Masahiro, SAKAMOTO Hisaki, ENDOH Sakaru, II Hideki, TSUBOUCHI Hirokazu (Furukawa Electric Co., Ltd.)
E-mail: masahiro.sugimoto@furukawaelectric.com

1. [ZL®HIZ
NbsSn 78 Bell fifFIZ & ¥ 1954 4E12%¢ 7 & U7 # . NbsSn,

NbzAl, ViGa %0 AlS (LAY EGERIZHNALEY R
BELRA L, 10 T UL EOEBR 2542 2884 £
LT B 7=, BRI D SERESTA . MR R & OV M
A B & W o TR WIFEBI S 3D ST 72 D23, Bl
TE. NbsSn #bf 1%, MM LU T, B ZolB B S Ak
IS TS, 2T, iR L3RS Gl
BL) B 5 ALS BULE B TEEHM (Fig.d ) O
TR & Bol OBARENAMIC OV THET 5,

¢ Nb35n+1Cu

\ Cu
Ta__ Cu-Nb

Fig.1. Cross-sectional views of distinctive Al5 compound
superconducting wires developed by Furukawa Electric Co., Ltd.
(a)Stranded V3Ga wire, (b)ITER-CS cable, (c)Al-jacketed Nb3Sn cable,
(d)High-strength Nb3;Sn Rutherford-cable, (e)ITER-CS-type strand,
(£)CuNi-NbTi-/ Nb3Sn wire, (g)In-situ-CuNb/NbsSn wire,
(h)Nb-rod-method-Cu-Nb/NbsSn wire, (i)NSN-100, (j)NSS-Rec,
(k)Cu-Nb/NbsSn-Rec, (I)PVF-insulated Cu-Nb/Nb3Sn wire

2. 1970 £ ~1980 =X DEH

KIDNFEAEBIZE Y AIS ALEHOFF >R i< T
NREETH D L\ ) RS E R L2 ko —>T
bAHT 0 RWED 1967 I S, 1970 FF(RI21X
¥z D ViGa 3 LU NbsSn OB 21T - THB Y | Hi%
H72bDE LT, 5580 10um D VsGa 74T A MNEAH T
HEGE 6 AR, AT AT UG T A HRLRE IR &
b APy ATED R, SR EZ R LT 0.375mm
D D ViGa BBHZENH D 99, 1980 FERITHIT T, AlS
BULAWB BB OERFENTEFICRE S N2 9, 7 1
O RYE % U7z NbsSn B 1E, PEBIEHGE 72 £ 0D Sn B
K (F72ESnA4) ZHVAMOREREE R, &
BRHRARETHY , HAEE Ly bERAEULTE B0
BEMEICE L TBY ., 747 A v MEHbIZ X 218732
TR, Tr o X0 A XPEEEOBR Ti i &
S CEEFAFEN N BT 22 PORERH D Z LICHEH
L7,

3. 1990 FE{X~2000 FEXDEFE

1990 AT, EEEES AR IS Ul BRI 2 i 2
ERAY Y R m&ER‘ﬂ:ku\of_%ﬂéﬁfxﬁwﬂ%%ﬁ
DTz, BEEREHRH ORI LT 1 7| R

EBRIF R OES - mEREE XA 7. NMR HEER -
FEEEE 2 A 77 E ORI DIBAFE S HL7, 2000 FRIE

NMR A 7V w K= 73 v b O@EEHLN R, FREN
B2 CuNi-NbTi &g k&< In-situ £ CuNb &4 & 18
b5 212k, 250MPa & W o T=IRVBIEIS I R T
B CTE D m9ME NbsSn b 8Bz sz D,

4. 2010 =R DR

2010 FFRICAD & Bl A F25R)F (ITER FHE) | = e
. NMR 728 OBEE~7 Ry OMWREN LD, Tar
AV NbsSn AT 2 EREHEL, SHICELRo7, B
BrHEE . 7o XEUBE, NbsSn AR pl BVILERL 41 00 3 1EAKI
LU, TS EEREREEZKEICH Y
1200A/mm*@12T,4.2K, 1990 DK 2 fi5) SH7= ), #l

PRI% W IE2R MR U T EAEINT Dbk, BEER
Em EXw, s~ 2 MY T 7R T UR DA R
(R&W) T Nb 2R Cu-Nb/NbsSn T4 74— RNiE K% BE &
L, HAEK 25T SmitBEE ~ 7 ro M A L7z, Fiz, B
PR R SR A LT 7 LIS NbsSn A ABRSE LT 9,
REAEEE 1T, BRI =— LikL~— L (PVF) #7778 Cu-Nb/Nb3Sn
EURRREBAFEL | Mufa ik OB B2 R EEE
LEBFANEMNLLT O, SHFEES FHEBEE 7 Ry D
FURAFEICIG U T, SOICEV VBB E AR 2475 NbaSn

M OB ztED TND,
5. F&®H
TR LI, BUEICELE T, AR EEIS TSRO

R %{%Eﬁé;@ﬁﬁ AY72 NbsSn n&'iM@Bﬁ%%k%L%fLm
LT3, 57%. NbsSn b iE, NbTifii Lb - EE
MEBEZ A 32 A L LT MBS Ak OMEEm E
WIS T, FORBPESITILRL TV EE 2 HLD,

HiEE

WA A1S B WBEE A 2 BT T 2125720, -
KINNARIB A, S RGBT HREE N EEL-, B
DEHEERL, BAEODTEEZLIVBITONWELET,

SE X

L KIINFKIG: =47 3- T T F M 3E), IKIE 5 39 (2004) 377-
382.

2. RJINZA : T8 B R TR E RS [3] — NbsSn S KUY VaGa M4
(Z01) J, IKIR T 45 (2010) 88-98.

3. RIS : 4628 % R FE AR [4] —NbsSn #ES B OF Vs Ga b
(D 2) ), KRS 45(2010) 226-237.

4. Y. Furuto et. al., : “Current-carrying capacities of superconducting
multifilamentary V;Ga cables,” Appl., Phys. Lett. 24 (1974) 34-36.
5.Y. Tanaka et. al,; “Multifilamentary stranded compound

superconductor, “ Cryogenics 17 (1977) 233-241.

6. {5 X, J.W. Ekin, “Strain scaling law and the prediction of uniaxial
and bending strain effects in multifilamentary superconductors,” in
Filamentary A15 Superconductors, M. Suenaga and A. Clark, Eds.
New York, NY, USA: Plenum, 1980, pp. 187-203.

7. MARESLD: (7 0 ik NbSn HFEEGH 0 T B - £ OB
PERE(L LG AL RIE % 47 (2012) 479-485.

8. ARBBLL: (YT 77RO AR NbySn AR E A O I
{E-ZEH BT IE DBUR LR - RIR T 50 (2015) 172-179.

9. M. Sugimoto et. al., : “Performance of Polyvinyl Formal Insulated
Cu—Nb/Nb;Sn Wires for React-and-Wind Process,” [EEE Trans. Appl.
Supercond. 29 (2019) 6001205.
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Development of High Jc Nb3sSn wire

JUNG fEh, JIRE &E (FE SRR 5 gk 5Lz, A b SEfh, #ik —2) (JASTEC) ;
KA %, BB R (KEK) ; /NE R GRIER) ; sk & ORIER)
KAWASHIMA Shinya, KAWARADA Takao (Kobe Steel, Ltd.);
KATO Hiroyuki, MURAKAMI Yukinobu, SAITO Kazuyoshi (JASTEC); OGITSU Toru, SUGANO Michinaka (KEK);
OGURO Hidetoshi (Tokai Uni.); AWAJI Satoshi (Tohoku Uni.)
E-mail: kawashima.shinya@kobelco.com

1. [ZL®HIZ

W7 L —T 1T, BEICHE L= NbsSnf bt & L TR T4
EF DTy XiEER A L15-16Wt% D & Snig 5 7 a X
ENbsSnD BFE WD BRI LTz, SHICZ ORI E LS
NMR~ 27" MO B 36 SO [E B EMZ A& 52 B (ITER) A=A
JVBHFIZH B L CD, AT 23TLL LRSS 24T D
1GHz R D i G NMR ~ 7 % M AT B4 & U CTTS-PITIE
AT OBRREE RTINS EOWH Db e biEd | EHR
FEMEZ R T D28 a R LT, IEE YA LV — T IR
ORANNEER2E ~Ow A% HIEL, 76RO THLN
R ZTERL., 408 SniENDSnD BRI #1T->CTnb, LLF,
K RUEIZOWTOMEREEFEIIZIR <5,

2. 702 X% NbgSn

ESL TOEIALE XD LT, Cu-Sn(7 X)) &4
DSni DN, NbsSndD 350 _Ed7=diz, KIII
AR OTIRINT v X% FV = NbsSn#pit O Bl #2175
7o SnifEEHE N XA THEOFREI L Tid, Wriiak Ehic
INZ TN TR S S O 7 a2 FALIZ k> Txf
JL. EiSn 2 Cu-Sn-Tid 4% FV 7= NbsSn#A4 BAF8 12 Bk
LTz, YT —T 132 nbOp R ETE AL, 2000 R
122 THIE O E 5% R £ T D B BENMR ~ 27 oy b DB
FEIZETRL VD[],

SHIZRBENMR ARIZ RS LIzt 2 p g g 7 e
 R1ENDSnERA IZH BB L TV D, ITERAINbsSn#RAf 13, b
1A X VIS (TF) 24V M & H Ly L /AR (CS) 24V
A O2REIEN DY . FAT 12T OB fEI T S,

ITER I NbsSnfRAf 1213 15~ 16wt%Sn D Cu-Sn 4% VY,
E51TJe] EDT=DITHERONMR A LB Nb ARk LT
NbsSntH D SUGZRHEL . BULEL SRz DWW Th il b &1 T
7po77, 42K, 12TIZ8) Dnon CuJe ELCTF=2A /L 1 9900
A/mm?, CSTA/LFH: 1,177 A/mm2EV), 7 kLTt
FRD TRV e ZEERRL TVD,

3. *ﬁ*zf Nb3Sn

ByARENDSn BT, Nb 4T 2—7 ONEIZSn &5
Tl oK (MiSn, Sn &4, Sn (L&) ZFHL ., TDHEIC
Cu ZEE L= OB R QB m IR chd, KI5
EPRELETa-Sn RE WYL — A Fa—T 1k
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Fig. 1. Non Cu Jc versus magnetic field.
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Superconducting properties and microstructure of NbaSn multifilamentay wires

using various Cu-Sn-In ternary bronze matrices
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Fig. 1 Micro-focused XRD in Nb3Sn multifilamentary wires
using 16Sn-0.3Ti and 10Sn-5In-0.3Ti alloy matrices after heat
treated at 700 °C for 200h.
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Fig. 2 Comparisons of the Vickers hardness between 16Sn-0.3Ti

and 10Sn-5In-0.3Ti matrices before and after heat treatment for
200h.
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Effect of Zn addition for internal-tin NbzSn conductors
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Fig.1. BSE images of reaction layer of (a) Cu/Sn—1.6wt%Ti and (b)
brass (Cu—12wt%Zn)/Sn—1.6wt%Ti diffusion couples after heat
treatment at 50 h/210 °C, 30 h/400 °C, and 10 h/550 °C.

Fig.2. SEM images of the microstructures of (a) Cu matrix 684—core

wire and (b) Cu-12wt%Zn matrix 684—core wire after 100 h/550 °C

(ramp up time to 550 °C: 24 h).
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Development of superconducting round wires at Tokai University
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Fig. 1 Critical current as a function of NbsSn
wires with and without lat% Ge addition.
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Diffusion Reaction between Sn Zn and Sn-Ti Layer

ARHOKEE (EER, NIMS) ;5 fE8 Fdk (NIMS) 5 A H Wl (EER)
MORITA Taro (Sophia Univ., NIMS); BANNO Nobuya (NIMS); YAGAI Tsuyoshi (Sophia Univ.)
E-mail: morita0079 @eagle.sophia.ac.jp

1. IFL®IC ar7viEHWGAETY, 77 AR ERBED Zn 2

Fxld T E TITNEBA X1 NbgSn b ic s\ T, B B (NbsSn ABSMEERNR) 233612 2 L 3HIfFTE 5,
MIZTEHRBIM L 72 £ Z D NbsSn LERGHTRICE T 258 51, Ti & Cu BAICIRINL 2B, £ k5 ks
EE 2L, WMORER E2RATEL, InET BEERTL2HOLICL TS,
DWFZED 5, Ca BMIZ Zn iFN$ % Z £ 12 & > T NbsSn
ERIRE I NS 2 EDRER I TV [1]. —H, Tilk
i < 2 6 BIEEHM O SRR 2 REER IC R L3 5
WFE e LA T WS, FOEOHETIE Ti 28/
MICEI L 7238546 ClE, Nb SIS 285812, %
72 NbsSn 5 B3E o6 5 2 EbMESI N TS [2].
ZHLRERERE Z 5 L, AR - R0 25 Nb
BN Ti 23N 2 2 EDEFE L3, Sn i
T%&, Sn RO Ti IEHOBTECTi V v FHBY 73
PRI E 41 Sn 5% FHE 3 2 RIED BEE L
Fo. ZTCHLICRHMIC T 2FINT 3 2 LR BA L~ ®06mm
B, Zn3H 57 DI Ti FEAEVPIKIEICHIREI NS, %
2T, A7z Zn id Sn 2 712, Ti ld Cu R I G
THHLVLESMEZIREL L. Z0RE2FARS 720
12, F9MIARL & Sn-Zn/Cu 5B G IZ B 3 2 St
Kxfrot-.
2. EBAE

PREONTERRL & LT, B (Cu-x wt%Ti)/Sn-20wt%Zn
Wb (x = 0,0.2,0.5) 2 L 72, £3 @320 mm @ Cu-Ti
&H&uy FORMI @12mm DRZHIF, #ZIiZ @11. 5
mm @ Sn-20wt%Zn ZHA L7, TOEGHREZALZ—Y 400°C x.30 h
V7 GBI T X > T @0.6 mm £ CHifR%{To e
72, AREUINTAS, 210°C x 20, 35, 50 KffE, 400°C x 10,
20, 30 R§fEl, 550°C x 5, 10, 20 Rl &tFczhzhn
B2 IT - 72, 208, OGH, IBBEESICOWT,
SEM #182 B O BT %2 47 -5 72

3. RBREREER

B 1IN LRI O Sn-20wt%Zn #Hf%% 7~ 3 .Sn-Zn _ _ o
RSO0, THIZINERFY BS54 b Fig2: The cross section of Cu/Sn-20wt%Zn diffusion cou-

; ple with non-annealed (left-top), 210°C x 50 h (right-top),
%E"Fz’ﬁ AR RN LIS & 57T 0.6 mm X THLL 40000 % 30 h (left-bottom) and 550°C X 30 h (right-

T5&, Zn 2’ Sn I B L 72 MRS 5 B, bottom) heat treatment
MRS CREFTH %, K 2 1F Sn-20wt%Zn/Cu 12

B3, AEMBORMELZRLAKTHE. ZFE SE Tt
TOWFZETIE, Sn-Ti/Cu IEH I B WTIE, 210°C #L

1. N. Banno, Y. Miyamoto, and K. Tachikawa (2016), “Multifil-

B, SIS e DRSNS Z EBRESNT S ' arﬁentary ,Nb.gsn Wires i:abricatéd Through Interna,l Diffusion
[3]. ABFFED Sn-Zn/Cu FEHTIX, TXTD Zn %% Sn Process Using Brass Matrix,* IEEE Transactions on Applied Su-
N - N - perconductivity, 26(3), 3 - 6.

226 SHANC 770 > TR B) L, Cu IR L T Cu-Zn fil % 2. E. N. Popova, L. L. Deryagina, and E. G. Valova-Zaharevskaya,

JER U 72, & 723k [3] TlE, Cu-Zn/Sn JAHNTld e “The Nb3 Sn layers formation at diffusion annealing of Ti-doped
2 » STZ - A multifilamentary Nb/Cu-Sn composites, Cryogenics., vol. 63,

L;tﬂ%ﬁfiéf h@“,. n *ﬁd)&f RIS Z L bMEINT o 63-68. 2014

W53 Cu-Ti/Sn-Zn A Tl Zn e i3 7R 24 3. N. Banno, T. Morita, Z. Yu, T. Yagai, “Effect of Zn addition and

MERINZZELWHEME RS, RO » OB Z Ti doping position on diffusion reaction of internal-tin Nb3Sn

conductor,” Supercond. Sci. Technol., publishing

5 y-CuZn it FEz o3, 20l EICREZ EIF3
L, IABOBRETTIE, H7zh b Sn/Cu-Zn DILHSIE  ARWFFE D —EBIZISPS BHIFE: JP18K04249D B ik % Z F
ZHELTVRA2DLHICHRAEY. ZDXHIC, SnZn ZHHDTT,

— 14 — 5080 20194F AR T - EEA R



1A-p09

A5 #4F (2)

Ge 0 NbsSn M DBIZBEHMEDV T HAHRIZEZ D Ge DILHDEE

Influence of Ge diffusion for strain effect of superconducting properties of
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Fig. 1 Back scattering electron image of the cross section for
the Ge doned Nb3Sn wire.

the 1% Ge doped Nb3Sn wire.
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Fig. 1 Critical current as a function of a tensile strain for
0.5% Hf or 4% Ta doped Nb3Sn wires.

Fig. 2 EPMA composition mappi on te cross section of the
0.5% Hf doped Nb3Sn wire.
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Fig. 1. Comparison of non Cu Jc between Nbs;Al wire and
tape as a function of area reduction ratio.
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Fig. 2. Relationship between applied bending strain and
critical current for NbsAl tape.
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