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Magnet applications of HTS wires
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Abstract

HTS wires processed by PIT method are now available for magnet applications. But, those wires can not be used over 40
K due to weak link. This leads to necessity of development of coated conductor which can retain high J, at high field in liquid
nitrogen. In this paper, various technical issues and the R&D status for both PIT wires and coated conductor were discussed.
The difference of coated conductor’s processes were also investigated and summarized. Various requirements for a design
of HTS magnets were discussed. Anisostropic J, property with respect to magnetic field was considered to determine the
coil’s critical current. Low n value is a critical parameter to degrade a field stability with respect to time for a persistent
mode HTS magnet. The relation between the margin of operation current and » value was investigated. Prototype HTS
magnets with PIT wires are being developed for various applications such as crystal growth, MRI, magnetic separator and etc.
HTS magnets will come into wide use in various fields of industries if the HTS wires with a low performance cost is

developed.
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2. 29 IXZAEEA Jl=

LXEAEAS AASHE & A= 7HF dE
Mool 7FHE ¥WH-2 PIT(Powder-In-Tube) X 2
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Type 3-Ply Narrow 3-Ply Wide
Thickness 0.266 (+/-0.02mm)| 0.305 (+/-0.02mm)
Width 3.1 (+/-0.2mm) 4.1 (+/- 0.2mm)
Je >7.5 kA/em?* >8 kA/cm?*

Ic >62A* >100A*

Max Stress (77K) 265 MPa 265 MPa

Max Strain 0.4%** 0.4%**

Min. Bend Dia. 70 mm** 70 mm**

* at 77K, sf, 1luViem
** With 95% Ic Retention
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Specification of material

S1: overall Je( B, T), Ic, Je
S2 : anisotropy of critical current

S3 : mechanical issues, strain issues, differential
contraction
S4 : normal state properties, resistivity, thermal
conductivity

S5 : resistive transition, n- value

S6 : transient dissipation, quench stability, ac losses
S7 : joints, contact

S8 : insulation issues

Design requirements

D1 : operating temperature, field - temperature
environment

D2 : dimensions, composite structure, piece length,
uniformity

D3 : price target, pay-off against price

A AIE FAA 53 n2zAErIVES
AA olA FAF AEe A AR
2 Foh $H n22AEREH 9 AT 54
71EY AzAEEA Hlte] tEtE A
ojth. AXzAEENE AF W W I
Eo] EuHoARt R xAEEAY A¢E
ojtd HAL Z3 oy J o AEASHS
ZALEHE "ol Z ™o ity Aol HPo=
AbE g A & @A Bl £Hoz <l
78 9 7 @2 gg Jebdoh 20 K &3 9
AA)2E NSEHFEIYE Bi-2223/Ag =
2 A4 o 249 FHAFE ZAS7] 9
g zoEls vus BrE v a9 32
o3 Bi-2223/Ag TAY & A B, ¥ HIY

_30_.



A B, oA I-BASHoole M FHa3
D g AZR A9 Tl 2=EQlE e
Aolch. W49 EAE A48T W 3Qe
AAATFZE AT FAFY AFHYg
B, rax ©l «13}04 AARFH A olw o TS
Agate nezAENE 24 ARG
AL B, e °ﬂ’~1 AR5 7] wFo :"é 4
Aol WA mgol o wn ¥ 4 ok

250

Temperature : 20 K
------ Axial field load line
Radial filed load line

N

o

(=4
T

-
o
=

T
o]
=
=
—
n
o
o
»
c
3
=Y
o
o
®

-

(=

o
T

- B L Tape surface

Critical Current ( A )

o
o
T

\

0 i L 1 2 L
0.0 0.5 1.0 1.5 20

Maanetic Field ( T )

3y 3 22Z2AE AAo|TTYo M9 Zx=glol
WA)2E LS AAT 1 FAAFS
Al717] % WHom A BXE 57_24
Zt Q4hFYAY % E”‘Eg} glo]x %
HR2M7IAY |B5E S 71 WY
I FAHAAE o3z AN A& =2
HAANAOEZA BAAAB)S A=
E FAEY WHes Husz Qi3] 29
AANA F A nARNe =AY 71AF
=) gk ﬂE%O]E}. D22AEANE AHEE
olo) X ZIAA S| FH s}y wjFol] Byl
ZAE AN o FYRIET =49 9AA
F5AF BAE Fusted 39 YA s

Aallof gt EA] Al ¥WEE = A
o F7 t¢} #AoA 3L WA Do} e=
t/ D9 BAAE za gk Yutzgozw Nag
FFstetdx deld e dastozg 74
H 27t gEHEz 3d WAHS
T 7} . && AABi2223 A9 A%
0.8% HIYAYEANA 50%PE== 1.7} A8
At A28 §F38HE 12% FYAPENA
80%f L7F rAA. A og o 02%

o et

|
Wt R ] o>'

CAUR KR

T WY EAM PITEAY 2AE HFES
Aol WA= AoR HuHI g
F22AEuIYEE gFAFRERZ AF
stazk & o 2 54L& AAAF olstolA 1
& APLAR #dd DL2A=EAY n g
A #wHo] o}t v EY ARz E A
A BTAH "Fv:?l OOlppm/hC’]S]'i b3
=7] AsiAE 0 gl 323 A3 Bast 9

G 24 Aol Aol wre wA
2 IARAE E, 299 A7)0
AFFHE 2B 2ol

d@®=_ﬁ(%J&m ()

stadlEAM [ Y H, v AA

vEstez AZDHE dH/d = oL 2

o] Yeld 4= 9t}

dH AH E I

Pl inll — e (Z2yn 2
i [TPJOC Lm(lc)fm (2
AZIY= AH/(H,r,)7t QA 7k olstrt

HEE A%t 713 o

E 1,
A o€ ——E(—5)"L €)
dt T, L "I
AH E I
=——(-")"¢ 4)
Hz,) LI, I
A= L,/Lo] HeiA =3
1/n
ﬁ"’—s Lolo [ _AH (5)
IC Ecgm.v Hoz-p
SA-AF 1,=300 A, E.=0.1pV/em Q1 270 A
10%hr o] AAFBEE wF3l7] 9 Zr3)

3 n
L,/ L9 BAE 52z AXNg 488 1

W4 e,

_3’_



(=)
.
T

0 10 20 30 40
n value

a8 4 1,/1.9 n3t 484

op’ "¢

D2EAEZAY ngte AFe FUbe] vl
gto] 742387 wWEol ZuA% NMR 3 22
FTFHAFEE ZY NS B33 & HA
Za & 4 gt BxAREAQ » g
Aol dade 2AA3 Y BA Je
DR YFAFEE vt E QRS AsiMe
=AY n 5t LE FA) &7V A =
A FAMNEol & eFdTn T F Uk

A= E HAAXN AAdR FA S5

A s sford Algro]l WA o] thEk Aol

LXEAZPIUEE S350 uhe gEtA
U ALzAEA vste JALET} =31 v
o] 7] W&o 77K7]|FOE Nb-Ti 2%
Axrvtad Ed vl3te] WA fg o= o}
o] ~10%%] FAH7] wEo A HAA 1
2xAETIYEE o}F fEsitn & F 9
t}. 8y} NZP(Nromal Zone Propagation)d =
= dE 5o 9¥8x79 Bi-2223 =AE 20 K
o A} AbgEtE -9 ~ 11 c/s & Nb,Sn 2] 400
cmys o] Hl3te] olF Lg]y] ujFo] ol gk
AAG B3 7)eo] dasirHi4]
NLxAEuIYEY PZhHE nladE
o] EAo AA dFE F& FH XX et
AAE Algo|y Al2"le] &4 HYH 3 A A
e % 18)d dart gk ojn ExE
B3t 2AERUE Y7 s dsi &
AstAl Bvod vl 7] gEel A7 E AR
7F AEE D Qe 1H3ALE o83 ALxFA
TutadE Yol disiA hdstA A9

&tz gket,

a8 5= FFA/ATFRS MIT7H 352
2 pgsta e nsds ¥ n2zxAx
st E Al 2=915]9) AdEelth cryostat 9]
7 FZA Atolols HAlE AYE Hxshs)
71 98l AFFE2NA super-insulation 2 F
AZHe 7EHes 343 usdLz=

2

>

FHEY 37 2de A2 15477 4
stof 44 VEL £BAIIE AOE A2V
o] APk ALPI $E A W) Y=
g Bite] A3 YFS £BA/E davfx

SE T

s347} o 2o,

ul
n
e
Kl

\
Waa
Axvay E fd=

g 2 didel 93ty

Z(lE =49 40 K)

FTAF E=Z o

] YZt3dS B9 AAdE

o &8 s ALHE 27 & X2 A
WAL 4 ok B AAHLE R Hddn
WA E B3 Y2 AHEE = Y olF
g Jidol7] Wil &FF wEs1He] gAiLe

2 A8l FHsaiet.
4. 9139 A A%

I2zATvaYES] U9 NEEFS NS
Hog AHE7IZ v gRE wIadE
Hel= Bi-22234A1E React & WindH oz
AR g WeAolay FZE dtu Yoo
Ao g = YEr] BFo Axvgzivyae.

- 32 —



et gl ALst B AAFOERE
o] o] ASCSt QR xuERHFO] ATH
Bi-22231 22 A=RYE WYF7] I A=
Wzhal e A5 7 THY vlaME A|2"98
Adatdct A S48 4% nexA=RD
HE pdoMe =A87F siZdPA4TE =k
HEES g73og sty 943 7xdT+E
FFoln SAXTALE MRIE Z2EAED}
Y E AAES s

3lE} X Aloll 4] Wind & Reacttg o2 |23
Bi-2212 7 AFY IZYdAE FHA ALz
AZul2UE 18 TY back-up A3 A Q1A
E 3924 1.8 TY AFE TAA=d A4
T8t ZuA NMROl d837] ¢ AT
7} &a3HA o) FAA L vy, AF7A T
7 DLEZAERIYEA2HE 3 §8&
g3y g dFdAE & F Qo 2™
6 ZHUR 9 FAAFY F7)d @E 1
2zAxIYY /T IS Yed Aol
A 7Y Zvlo HlEdte] L] PO
2 et dA7A sEoA BE 19 6
of Yebd ZAlulelAN sEdd dFAA ZZE
AAE Zd9 FHAYAZL S0KIRA T
ASCAMI Al 7Hrgt mlad|E9] oF 100 kIo] H]
dto] W Azoly} AL 12m E AA HY
TR & ¢ o

FgFRoNA T2xAZvIIVE A2
S840 FEL B3 e Ao ArEgol

3

10,000

1,000

—_ Crystal growth
3 oshiba) 7.25 T magnet (ASC)
-
=< 10 |
i) (S(l;CL 7(51 T l_nagne)t
= ’ umitomo
S
& (O )
m- 10 .5 T magnet
' p-smes(ASC)  (Sumitomo)
1 B MRI(Oxford) ;NRIM-Hitachi

o Pulse coil (Kyusha Univ.)
l
0.1 1 10
YU SHTF(T)
2% 6 TAFAAR} FAQUAR & nexd
TuladE ALSEF

0.1

a3 72 2o ¥ NRIMAA JNEE 1
22AEIUEE o] §& £34 L&AV R
Z7I[16]19 AHR 22 20cmA 7 9] 21 ofol A
1.7 T FAAZE HAAND 5 As @Al
3y 32zAErIUEE Bi-2223/AgEA 2
A&sict A7 A EHE FE A X
3 YAE d5H o= vfavE SR =2 wiE
el #7]E-& w2l ON/OFF&| ok 317] wf-&
o W& oA-gA&E7t QFHT. NRIMP2
HEE HUAZ7Ae Ax-gAlzto] 1§ ¥
o Aglr &2 AoF RaHUT ot wh
2 I£AAEAL 2xAEuIYEY] XA
of thg JuAuiRle] E7] W& 7Hed A
olty, ¢toz 3 FAFEA AAHAUA
N&xHERIYEE  o]§3 HGMS(High
Gradient Magnetic Seperation)?] &°] Q¥ $, =
Az 59 14 A FH A &84 Ao
2 dddn

_33_



g 7 4E NRIMAA FHZol AL 12xA=
2717287 A%

5. 489

AZ7A PITEA Lo o F=
R&DG A A BL 122 HAErIYE AlA]
EZo| /o] 7B Aol HFHI Y
t} zzbo]l W Axyzt b, we ozt
E£E 2L PN 5 nLxAENIYES
ARow F& F Jdoy ofd Ti 71Fo] H
A7) W&o AlAwo A AAWA BH
AAFo] o3ttt FEN IXXAERIVE
9] 240 ALxAENIYES B B
& F AU 232 NMRI go] dholE
Jogto gz NEZE A%S TIT + I

YR Rold FAH oz Al4E sH5A4ol ErL

o PITEAS} BF7) 7FF o] Bol gt
A MR Si @Z2AAAFGA, A28 7] T
g, wxa), g2k APy 12
ZAZaEZL 4 FEstdd YT e
2 Bl W3¢y, 2dr], 2y 59 71E9
A7 718 dAsleE $&Roke Fduog 4
A4 BolA FAE A2y v $-9E
zt7) 98iM A7E 3459 =gl 48
Hojof g}y, XMz Fo Hl3td IFujolAe 1
LzAEUIYEY|E WL Bo] FEAR
otk EA7le AL ¥3yste F83t

A s ool AR Ay A

A AFRE o3 24V|% EL AAZHoE
kst B ark Ak, AHolE coated conductor
7} 944 243157 Ao A4 PIT=AE o] &
3l EFFY AZALvIYEES AA-
A& = v 7IeS F7)d FYsA e
H AAFHY JledarE o A Eold A
o|t},

References

[1] W. G. Wang, M.D. Bentzon, and P. Vase "High critical
current and defect free km long Bi-2223/Ag-alloy
multifilament tapes”, pre-print of EUCAS’99 in Spain.

[2] A.P. Malozemoff, Q. Li, S. Flesher, Physica C 282-
287(1997)424.

[3]1 R. Flukiger, G. Grasso, J.C. Grivel, F. Marti, M. Dhalle,
Y. Huang, Supercond. Sci. Technol. 10(1977)A 68.

[4] ASC web site (http://www.amsuper.com)

[5] Y. lijima, M. Hosaka, N. Tanabe, N. Sadaka, T. Saitoh,
O. Kohno, K. Takeda, J.Mater. Res. 12(1997)2913

[6] S. R. Foltyn, E.J. Peterson, J.Y. Coulter, P.N. Arendt,
Q.X. Jia, P.C. Dowden, M.P. Maley, X.D. Wu, D.E.
Perteson, J. Mater. Res. 12(1997)2941.

[7] F. Garcia-Moreno, A. Usoskin, H.C. Freydhart, J.
Wiesmann, J. Dzick, J. Hoffmann, K. Heinemann, A.
Issaev, EUCAS’97(1997)661.

[8] A. Knierim, R. Auer, J. Geerk, G. Linker, O. Meyer, H.
Reiner, R. Schneider, Appl. Phys. Lett. 70(1977)661.

[9] V. Berz, B. Holzapfel, G. Sipos, W. Schmidt, N.
Mattern, L. Schultz, EUCAS’97, p.1081.

[10] SUPERCONDUCTIVITY COMMUNICATIONS, Vol.
8, No. 6, Dec. 1999. v

[11] JE. Evetts and B.A. Glowacki, Supercond. Sci.
Technol. 13(2000)443.

[121S.SOh, H.BJin, H.SHa, D. WHa, D Y
Jeong and K. S Ryu, EUCAS’99(to be published)

[13] P. Fabbricatore, C. Priano, M.P. Testa, R. Musenich, P.
Kovac, A. Matrone, E. Petrillo and M. Ariante, Supercond.
Sci. Technol. 11(1998)304.

[14] Y. Iwasa “Case studies in Superconducting
Magnets”

[15] S.S. Oh, H.S. Ha, D.W. Ha, YK. Kwon, H. Lee, Y.
Iwasa, Proc. of KIASC conference 2000.

[16] NRIM web site ( http : // www. nrim. go. Jp : 8080 /
public /kikaku/japanese/).




