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Abstract

The effect of twisting on the micrastructural evolution and critical current of BSCCO superconductor tape has been
evaluated. Twisting pitches of the tapes are in the range of 8-70 mm and uniformly deformed. The critical current of twisted
tape was dependent on the twist pitch. Specificalty, it was observed that the critical current decreased with decreasing twist
pitch, and only 50% of critical current was retained when the tape was twisted to a pitch of 8 mm. This reduction of the
critical current may be related to the interface irregularity, smaller grain size, worse texture and the presence of cracks due to
the induced strain during the twisting processing.
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1. Introduction

T

FZA o LA eddy cument &4, X

A 3z gAAT#Y F4H diEof A% filamentA}o] ol Al 2EAISELE coupling current
FX57T Ado) WA Bi-2223(BSCCO) tape 220] Q). dRHoz A ZAEAY A
o) Aal 289 HMYUS AA7), 77, cable, o= Ag matrix 9 H7} GHZHEA ) 1))

t

magnet 59 712 @djdtE s =8o] @siy 2o}z B 2 hysteresis <4 ¥} coupling current &
AAZ AFAdFAAGE GE AFAFAA o] FQz7} ). Hysteresis =42 filament
AL-G-A] .:—JEZH"HH AFEdol FAEA = 9 9HAL BAAZ o2 23AH £ gu

t}. ol& AWM AA|(time-varying fields)\} & coupling current SAL T 7‘75_5:13]4

SAAFY AagA & LAsA =Hed filament = decoupling NAAX FaAY F2

ol duixe 4L AA2T @M TF )AL A ZAZAE twisting FOLEHN FE
£4e o RaE 2 HAY 2ARAY & 55} dnp H2os GAAAY A9 %
Az, A7A gAY EAS oplaA "kl Ay FzAd wWde FEsAd FEAY
J2Ee n2zAE AAE ZRBZAN A HAFE Fol: WHoEA BRSNS Th
437 e mREde] AW oEs ¢ AyE d7s Besh
2990 UF A7/ A@Fojof ), GAAAS) Bl BFEAY FAT}
o) yh- _g 2 A ] QoM wFEdL AW hysteresis £ 7 coupling current £ H]
AAY BAREG Boadd oa DA twisting T3¢ Bl F A2 £28 any

%
gt o iﬂvré‘—é% aA MR T4 o2 AAANZ & Atk AR AFgA

Hed, AEzAe FHAFA M 2HdE filament 2] &3 A F Aol S twist pitch(pitch)
Aol BAEE hysteresis &4, 4 WEHA 2 sled g4 AFol 95 8~10 mAR XV}
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HAHolgt Bug vk vh[1,2] 22, oA
HA=AE twisting 3HA] =A  twisting 53
9] matrix ¢ 7}37 Sh(strain hardening) 3
ol IR BEFUd3 ¥y gds o
A =53 o Yot} filament Wol] A% 2
o] dAAMoIY HARAL &AAA dAAF
(critical cumrent, Ic)gke] Z4=E F Yt}
AFEN AT o & JAAFEY FA
= 589 ool e,

Bi-2223 1L ZAEAAe nFLAS
2A1717] d8A HAAE twisting Al71E A
[1-6]7F 2 Bus 3 oy, twist pitch 9 ©
Az Wzt AAAFHS 39 AN
et AF7t AAHLE o]RAA e A%
ojlt}, £3] 3 HQUJIZE filament o] FHHHE= ©
FAT G T A vz Wt o
3 st FEHA Gkon, FHUSF
e JAAFHIL] ABAo] Hrtsojo T
t}.
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e 2 AFoNE 3749 oA 23
=X A(wire)E . AZBEI twisting 3t ohFS
pitch & 7} AA(tape)2 JFFaIPon], 1A
z23 pich e FIHL BRAATG. EF
pitch o] W AAAFI}L st TAWSE
o} olazAa, 2en JARERT A
e Amugt

II. Experimental procedure

ZFE Bi2223°9 Z4°] BisPby S
Ca,,Cu; 0y 7t 1= Bi,0;, PbO, SrCO,,
CaCO,, CuO & ATHF Tt weZ, Zro,
B3 37 =388 ¥ 24 A7k ball mill APES
el EFE Az, v &% F 700~8557T,
2] 714 24 AR, 38 dtA AEE &
Aot stast Bd BLE oA d7] 99719
A 24 A7H 800CTE B71A & 8t} of ¥
-2 Agtube(O. D.=14 mm, I. D.=12 mm)°l “F$] 3}
o FRAAN F 290FAH LIS WHEF)
Atk QA dHA ZAELS 10%0l8E

Ao, HFAA 175 w7t HEF s3th

Az" 9N Bi2223 24X wie & JF 57
ol vdg JHAE AAR JHEsR Ag

tube(O. D.=14 mm, I. D.=12 mm)°] 37 7¢] &3
AAE 49 g 99 42§ 10%7 ez
AZ A7 1.54 m7tA ALsigch

Azg 374 Bi-2223 wire A e} filament S
twisting A 717] 918t] AA A AFE AI3EA
. FA APAAA AFsRoH IJAEE
T pm32 2 wire JH9 2AEA ) #L8F 3
A7t 7hssteE JAFHE A7k 3
AJA7 4 Fol o|HE HEAREARE Al
o3ty Y3 4 dAPEE FIHAFE00T, 30
)& o d3te JHFE W F F
7 FaE 10%7THeE HF tape T 250 m
7HA GdstR e HF tape 9 twist pitch &
70, 50, 30, 24, 13, 10, 8 m7} ¥ E2 A Z& Q).
Twisting ¥ XA 840TC, di7] £47191A4 50
AIZE 272 A

AAAF= 4 DAY (four-point probe)S ©]
B8t 77KAA 1 Niem 71EL22 SA ST
o] A2 3} twist pitch & #2317 $8 H,0, :
NH, = 1 : 19 22 %(etchant)S AFE-3t] Ag
sheath & 3] AA¥ F SEM(scanning

electron microscopy) =418 3}3ith.

II1. Result and Discussion

917 1.54 mn, Ao} 200 m? wire HENY
374t MAE twisting Al 71 3 A A7EY
494e Hrksl7] st FAAE st H5
AE(AgE ¢H3] AAF F SEM o= #F
ATk 28 1 (a)E twisting 7] A9 wA =
Ao}, 28 1 (b)E 200 m9Y wire ] 55H2
IJAFE A7 T zAARo|th

Twisting Al wire & & Edo] AT AF
HS JHFAT, twistng T Fol 2F
(intermediate annealing)& T2 2 3} twisting

(a) )
Fig. 1 SEM photomicrographs of (a) non-twisted wire and
(b) 55 turn-twisted wire after Ag sheath etching
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274 ZFo fillament & &40l Fuio] A
ojubx] ¥tz A AlHel A vlmdy F4Y
g 3| AN e S € 4 Utk 2™
A B2 filament 52 twisting 743 Al 7HF
22 338 Hygo] dojus HYZH 1874
filament S 24, W¥2] 197] filament o= 4
ez o AL $Y¥IY WyS P u
A wire A8 AANA filament 5 ETFYEH
o} deto] dojyx ¢ AT F54

c}.

Tape FE]9] A= MA A twist pitch 7}
70 mn - 8 m7} HEF wire FEjIA] A4t
g IAFE A/ F FA 250 m7HA
FA3te] tape & AZ3FSTH ol 7 tape ol A
9] twist pitch ] w4} FFAH L AHB7]
AaNA GolA gt ol Ag S AAT F vlAz
& #EA

a9 2 & twisting 3FA] &2 A A9} pitch 7+
Z}+z} 70, 30, 8 mn 7} HEF twisting ¥ A A 9
22 AlPolth, AA BHE twist pitch =
68.1, 27.1, 7.0 m 3L, Y3t pitch 7} ¥ F
AgatA AAHNSTE ¢ F AdAg 2y
UAZAHNAN dAF FAZLLEE 10%7IR2
2 ANWSNE BT tape o) FAFE 1)
oz 2 Hygoz A& filament oA AW &
dol BAdA vesthad 2 @) #x). &
3] pitch 7} Fopol wel ol B A o]
FREA FEE ¢ F den o A
JAAFRHE ohye ZAIAH FAd= FA
2o 9L nAEe Aom Algdr). Yury
o7 Ag/ZATA Alole] Awo]l EFHsIA
(sausaging @) FH-A<Q filament & THH -

g

(d)

Fig. 2. SEM photomicrographs of (a) non-twisted tape and
twisted tapes with pitches of (b) 70 mm, (c) 30 mm,
and (d) 8 mm

ZaNA JAEAL AsAZILE TS E3
3 AR 32T H(stress raiser) &= 283}
o] F%Y(crack) ¥ YA FE (microcrack)S &
AN 4 o 2822 pitch 7F ol o
2 YElYE filament J49 EFAANLE 94
AFET 71A13A &AL A ¢ A&
o

=

Aoz 224y
19 3% twisting F A &2 tape & pitch 10
mZ twisting @ tape & Pl g

SEM %37 Al-o|c}. 2P| HEKEO] twisting
HA 4L tape(2E 3 ()M E AAYHY =2
717} 14~32 m= SAHJ LD, ZAHHY )
do] f& T FHo|t}. ¥k pitch 10 mE
twisting € tape(ZE 3 (b))lA = AAHe =7
717} 5~13 m= Aoz o uAstx, 2
A9 dd4% IAF Ao Astd A=
#2H A

Twisting 3 A|HolA AAFHY =77 o
st wido] EFAFoE FFE oFE
AR BFdAs do] Je Aoz AlgH
t}.

(&)

Fig. 3. Microstructure of (a) non-twisted tape and
(b)twisted tape with pitch of 10 mm
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Bi-2223 2T AAdA HABY, AHHY A
2 2 H}EAY 7] F(mechanism)E2  oFF
BEstA B A ggtow, AR £
W3l g 74x o] FAE A Yt [7-10]

Ag 9} Bi-2223 479 ZuFEol g &
259 FA)R], TAEZY NgET
(kinetics)©] F3[9] Tl Y3l AgxHAE=A Al
ol9] AW FHNA AA Yol 2HEA UFHE
oo 3 JFxAe] ¢ AEHE A
oz Busa Yu7.8]. B AgxATA A}
olo] Aol FUF ALl HAHAE Ag7}
7)1 %(template) (L o] =AE AR H
A% 2 Jg=2Ag FAga BaEHATH[7]

o8B 2 twisting HA] @2 AAME Ag
9} filament Alo]9] AHo] FYUIEZ filament
R AAFHe] AAYY a7 & Ao
2 wordh whdo] twisting @ AlHolME B
43 A EAlo 93] Ag 9] 7H HEol
vlnlgte] AA ol FujFom FdsHA A%
H4 @& Aoz FEdAo vAxz #FA
3} pitch 7} &2 AALYFE AAAAY A
H 3r7le 9 9AsHA Jelson [{3kz2 e
AT Zadtes oz #EHJC olF
A4 AAFTHS #FAA7IE dAE S
H Aoln], E3] 3749 filament 5 & ¥MILS

=
W= 7t filament o 7 B2 FE Rt
gt AAAFEHY 7ol uAE o]
o
=
Aoz ywadr)

1% 4 & pitch 10 mZ twisting & tape 9] a-
b 7hgAE] R4 #FT filament o 7
MzA AR a9 3 (b9 vlaste 24
Heol Asie Aol7t gley Fdol FAH
Ae Aoz AFHIG. ol= twisting I ¢
FAA HZ filament o]  A@-g o] <l
7bEle, &3] 7FAAE filament 9 w2 XA
TEAYFo] T Aol ArtHE AHY
Aol AEe A2 FHEAG. F, o] FEA
UG5l 93] #Bo] ABA(crack initiation)
2 A3 (crack propagation)= ], FAH T Lol
2AAYES ¢As ARHA A, IF
Sgol o3 ¥MYP L FUstHA TEo] FAH
= eZ Algddh

RERE
Fig. 4. Microstructure
crack/microcrack

showing

Pitcholl w2 UAAFwe ®stgE a9 5
of JelIA T AAAFIE ZHzt 3709 AlH
o 2R Y A5 HFHeE EASAL 2
Ao A H5o] twisting 81X &2 AAe] AA
AFaLS 125 AolY, twisting 3 HA A=
pitch 7} AT+ E A AAF kol Zist= A
< & & Ao 53] pitch 7} 70 ol A 13 mm
2 gAage] wet JdARFe] 125 A4
9.6 AZ A FA3ALH, twisting = A
o AMAo] wiEl o 23%9 FAE BT
ol%F pitch 7} ZAgo] wat JAAFHAL F
B3] a3t pitch7F 8 m¥ o LAAFz
L 65 AZA twisting H X 22 AT} o
48% TAad Aoz JEiuth olgd dAA
Fe FaATFS GA AdFEARol AHY
BA4Y9A o2 QA3 suasage I, AAHY A
gtz 2 A7 T, vAAEY EA)
53 #A dE Aoz dudH

=)}

20 B non-twisted tape
—&— twisted tape

0 " N L
o 20 40 80 @

pitch{™ )

criticalcumrent{ic A)
L

Fig.'5. Variation of critical current with various twist
pitches
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gurR oz AT fAMAANA 2 HA
bo] HEANFE AFL3tT E3F filament & T
2L FolAY pitch & FA A aFHHo
AFEAY #a2E =T 7 At 2R
Ao A BFEAF pitch o ABHAFL 39
o]

vebdT [11]

LAB.
Qc_ Slpef

A (1)ol4 Q. & coupling current &4,
twist pitch, f= AFY FIF, p & FEA
ojt}, Wk A (1ol o wHREHL pit
o] kol 98] EolE Aoz JdHY
o] twisting &2 FHHE = A=A £
oa] dAAFgol ZadH= dHol AUt
Yang[6] T2 T ATl stH mFEA
AN A9 pichE oF 10 mE EiH
3 o, A4 £ AgoA ALEE twisting
9 AAe nFEL =g FHRE ol 85t
Z4stn ot dAAFIE FRATIA Fo
AA BFEAE Aoty YJAME AE5AE
9 Agol Al 23S HIE Ag-FEE AHEE
filament & @AY L FYsA Fole T3
A dFEojof & Aot}
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IV. Conclusions

374 Bi-2223 32zxAx AAE twisting A
71z vlNZA T AAFY WEE

At} Twisting 34 T FTILHAEE
A3 3] A9} twist pitch & #oj7}t 7153
8l A gt twist pitch 7} ZFAghol]l ukg} A7}
& Ag¢ filament Abo] Aol EF s}
Ayslo] 24P AV JAFAol ZAE)
Ro2 yeptol =3 pitch 7} 8§ mZ 24

e
o
o
2o fy

rir

of ma} YAHRFES 65 AZMN twisting = A
e MA(125 A)ETH oF 48% AT Aoz
velytet ol# @ dAARHY ZAhe AW
BErdAdoz QA3 suasage 4, ZAHEY A
gzz 2 PRI HA, vATEY EA
53 A7 9 o= ddH
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