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Abstract

We jointed Bi(Pb)-Sr-Ca-Cu-O multifilament tapes and evaluated their electrical and mechanical
properties. In order to improve connectivity of multifilaments, one or two single-filament tape was
inserted between two multifilament tapes. The critical current ratiol(CCR) and n-value of the jointed
tapes were evaluated as a function of uniaxial pressure. It was observed that critical current ratio and
n-value were 24.8-29.0% and 2.5-2.8 for MM lap-jointed tape. On the other hand, the corresponding
values were improved to 24.7-53.9% and 3.1-4.2 for MSM jointed tape, and 63.4-76.0% and 3.4-5.1
for double MSM lap-jointed tape, respectively. The highest electrical properties of double MSM

lap—jointed tape are considered to be owing to the presence of single core,

causing better

interconnections of multifilaments between the two tapes.

The mechanical property of jointed tape was evaluated and correlated to the microstructural
evolution. The strength of jointed tapes was 44-64% less than that of the unjoined tape. The strain
tolerance of jointed tape was also reduced compared to that of the unjoined tape. These lower

mechanical properties of jointed tape are probably due to the induced nonuniform microstructure such

as the existence of cracks and Ag-intrusion in the joined region.
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(a)

Number of filaments 19
Thickness 0.25 mm
Width 3.1 mm
Critical current 15 A
n-value 17.0
Ag-ratio 2.56

(b)
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Fig. 4. (a) Micrograph of the transverse
cross-section of the 19 multifilament
tape and (b) specifications of the

unjoined tape.

3. &3 o nF
3.1 "7 54
a9 40 194 oAl v FHDERAR

o 71EAH E4E E2 UehiAY dARFE
2 15 A n #e 17022 HrlEYey @ A}

o zRE LH|(Ag-ratio)s 25622 AALE
Al dAe HEE ¢ AdEe dAdAE %‘
ARFET n kel ZhzF 205 A, 20290 EAHE #
= AA7L o] &5 AT

o 7bA wH e g HET A
£ 29 5o JERRT ¥ 5a) ]"19} 2ol
MM lap-, MSM, MSM butt-, double MSM
lap-joint AAAAN FHELLE ZFPEHN wet Z}
z} 24.8-29.0 %, 24.7-53.9 %, 30.5-49.2 %,
63.4-76.0% 2 el Aol we FH&L
W32 Holn] MM lap-joint ¢ A 713 @
EAeE AT g€ v & dsrh g
]Eﬁf_ A3E MM lap-joint WS tha 2
=7he] dAAe] AFE] o]FoRA &ken
] A AH S E ddAdel FAEA ¢y o

Aoz AgdY F, 19719 devie & o
d 69 EAEA HEo 4 Hy F =E3

&3 n 3#

l”ﬂ

F\“Lﬂﬂrlor‘rﬂ

r° R
o

%ol 1-97A9 9) BeraEswel Wy @
A3t Ho AR BehRESo] FUsA HE
9717k golsh @e Aoz WHth wwo|



J. of KIEEME(in Korean), Vol. 16, No. 10, October 2003.

—a— MM lap-joint

—eo— MSM joint

—&— MSM butt-joint

80+ —w— double MSM lap-joint

100

\-’——_!\\‘
_. 60f ¥
9
& ol DL N
3 40 }
i/‘\i % /i
20+
0 . . 1 s "
500 1000 1500 2000 2500
Pressing pressure (MPa)
(a)
10
—&— MM lap-joint
st —e— MSM joint
—a&— MSM butt-joint
—w»— double MSM lap-joint
6
g I
‘©
I oaf i&.—<z\\\i\
e
2k
0 . . . "
500 1000 1500 2000 2500
Pressing pressure (MPa)
(b)
% 5. MM lap-, MSM, MSM butt-, double
MSM lap-jointed AA S (a) EAE&T
(b) n %k
Fig. 5. (a) Critical current ratio and (b) n-value

of MM lap-, MSM, MSM butt-,
double MSM lap-jointed tapes.

and

MSM jointl e EAEo] 247-53.9%= F4d
&S "ol ol MM lap-joint® WA /FAZ ok
A FEHE F 9/hgto] AFd HAsAT T
Aol e e & HdEE dAR 3o
AA5n 2 i Foste dIFAEY AFA
duid ez FAAH7 BEQd Aer AGd
MSM butt-joint= 500 Mol A H o 49.2% <] &
< ety en, 1000 M olAte] gtEeiMe
£0o] F43] 4d¥h MSM butt-joint %
4% MSM joint WEoz ¢ dedEg]
A B gEo] qAaXA A dY &3
Zidstg oy AAle Fawoa HdE]
i £ HEe HeldEe dEo
oA A] ¢rol MSM jointe] ZA3}ps} Hl%3 Z

o o o

o ot R R oot

S
ri
)
2o

926

__._.
—ro
—

4 5 6 7 8 9
TT?T?J}

< - 1~ - = - = )
- rm vl |
\ R
1 12 13 14 15 16

17 18 19

ad 6. gdd 194 gAY 3
Fig. 6. Schematic diagram of the rolled 19
filamentary tape.

oS+
-«

gy mAE

2 vegd Aoz AEHEG. Double MSM
lap-jointE HW 76.0%= 7 53 FHES
el ol d A= dAAA 23 dFA
g, g ZAe] AFAHA HEY, a8z
Ao FAste oA FHWES Afe Fol4
Zids Aer Azdd. ¥ 6Aek Fo
double MSM lap-joint W ME A 712 WHE
dgAE (17, 18, 198 A3 Uvia) 1e7he 2
B EY B ] A0 E S o|FE HH
7 #h

2% sye vl FFY HEAHAM g
2 n e Yehd zefzoltt. MM lap-, MSM,
MSM butt-, double MSM lap-joint A Al A n
e gHEd oe zZzh 25-28, 31-42, 31-32,
34-512 H7 EA ARAH oz n g2 ¥HT
AA (17.0)0] vlgte] s aEAeH, HEF
o) stepg WES HFE 374 o HFMAY
AT A EHE 3 FAS dgoivHe-7]. 1%
o HEo] Hiwel wWE n gk W Fol=
EAge dEe {AFgE ¢ £ UG F @A
Mg vifE dto] A dAE ddd F o)
MM lap-joint B¢ © &2 %L 7FA9 double
MSM lap-jointed A AN 718 52 n e

7}A

Ay oz n gL EEE, 44 HY A7|9 wid,
adm AP 434 S 2L gz o
¥ B Hu o8] 22z FFAAel
Aol e n @ HEFANY 22T WA=
Ao dHRHEE] BU4HFd ddo o7 e

"}EQ t}[9-10]. Double MSM lap-joint M¥ < &

e 5484 7IXY MRI, NMR %9 7]719lA4 =
Az sladES ATAF2YAL] A2 B
%%517 fElME n gkl ©s FEoF & A

o

w =

LI-VL

9 7o quYe Few oAzy Ade



A7) A=A 1283 = 5%, Vol. 16, No. 10, October 2003.

el ok s1E 7(a)ell A ®3:el MM lap-joint AL o ¢ ok AA o w2 pEA o W
A= & AA7E AAE '31}55“49] B A crack® debondingo] #HFE o o]z 9l
QRERIE) ’S‘?}Oﬂ Aodsla YL o F ATk = 1,000 M o] Aol hEldlAE &l stz A
& HEHAA & A7t HY 0}04(§P FEEe) 4 o2 AzbEich

o] nAzdS EudsA WEA7a A MSM butt-joint A A= 1H 7(c)ol A ek 3Hol
Eo dEAME XiOP\W]J— Atk JFE ] A el o] thal A A el thal A At v R Fekdl
2] gk ?i’b ol dgtdAe AABAHNE BAAE Eibo] HrAdstA Wy g AR & 2
Aoz #Aeyth, MSM joint AA<] 76'—? ILE th ®e AdRo] @ void7t 4o uen
7(b) 01]’\‘19} %}O] w4 dedeyt g A4 9 oliz old] detwle ddAol FaHYT 1
Hagweet we gdgola A4 dFE o T R EH=AY 9 wmZo] T AEA
ok creEd 1,000 W o] b Als w4l AglA Aol Ao g =ML Aol &4t v
ARt A A7 shdis Aol H(transition) Ask o] FEA A Feo Hgle] Hi= oz A}
Bold ¥78 @Al cracke] W3, Fi #¥tl Double MSM lap-joint HEA A A<
How calMdAel oA AAe WwE Aol o3| 18 Ud)el M eb 7kel Falel thAl A A7) lap-joint
debonding Hi= % ¥T U vz o] AP glo] glow Tl il molrt HEFHO of

Ag sheath intrusion

AccV  Spot Magn  Det WO —————— 200pum

150KV 306 150x SC 10 M6 150kV 30 160x

(b)

Spot Magn  Det wWp pb—————f
30 300x SE 150 J75 Det WD Exp

SE 102 0

(c)

a3 7. (a) MM lap-, (b) MSM, (¢) MSM butt-, and (d) double MSM lap-joint Ao F&od
SEM vl A== ARAL

Fig. 7. SEM micrograph of longitudinal cross-section of the (a) MM lap-, (b) MSM, (c) MSM
butt-, and (d) double MSM lap-jointed tape.

927



J. of KIEEME(in Korean), Vol. 16, No. 10, October 2003.

oo
ol
gL

\d r‘x\"‘

Aol
A stol

32
a
o
Uz
2

i~

i)
2
o

1o
e
4
o,

o 1o

i

i‘g—" rlr Oﬂ_" H‘J 1o H
Woox €
"
e

M oox lo ki
e 2

2 5 ox
hid e

ol o> 22 0 3L
o
loodu 2 D oX fo ok g
9+
ofk
2
o
lo l-oll
=
o g‘
s]
2
:
_*;J_
o
=
[o%)
(o]
2
1o

'
N

oy
1 o
oo e

2

-
\

(O ok %
s
i
it
Hz
o
2
o
k)
m
3,
o,
2
ol
ol
i

2

oot

,d
2

o
o
ol
[
_“)\_‘,
nj
o
3

o,

N

N

>.

o,
2oy
JIN
m

o>
rx
2
o
o

1o g &2 rf

¢

ol
PR oo o of mi
Mo offh (L g
Ni
2

U
bop o o doopn
iz
=T
4
o
o,

o2

o>
O

fn

Lo
o

}'l
Y
)

crack, debonding, 18 1
o O
Y

_9L
>
>,

ol

rlo

I OH“
N

ol

i
i s e
X
ot
oo
a2
rx
2
bl
=5
N
hu
of
>

0, i
™ o
I

s

32,

o

2 o
offt

N

o

o

o e

-
Ol
-

rQL‘AS_‘Q

o (F X o

>
)
rr
T oo oo fo o B

ox MW orx o2 o Hropx

0
Ky
°
(1

o
v
22
B
oX
2
2
o
fu
s

i,
2
ﬂ
\-.1
;2
rir

[
9
e
i

AAMFake] 100 A ]
MSM jointell Al&-5H &=
olHt #A vdw F
A A el dAAFE o=
Aol A oAl A9
o] ¢ @_’}

&7

32 71HH

Ao 71A" 5
H gAYt 44 Zegds %736‘}&’23}. H]
A4 JAREE 727 R SHIAR
MM lap-joint, MSM joint, double MSM lap—Jomt
At Aol sl zhz 43.0, 335, 485 ¥ 2 LlE}
Wk ggAde] YyEAE @S vy d=
el 44~64%2 e ghelw ole HFMAe
Tds Wwyel o3 zow AR F
AW, &

EM
=S

N
E.L:L
)

N
)
R
> {0 2L fo X o o )y oo

o &¥A¥ crack, E73 3% A]
Adow ¢l EFLT =¥ Fo] $H

(stress concentration)

}mi_lﬂ-ilowﬁﬁiﬁlﬁl-

oA o ¥ of ¥

o2 Qe HAE/ BA i ARHE

At 19 8e AFAY F vhwE Aol
Aol 37t dolgs molEh 7144
g oFd R AR BREom thyy

928

ag 8.

d3td el stebabzl,
Fig. 8. Optical
jointed tapes.

micrograph of the fractured

oy, = o wale] sk dolgdoA 1t
2= etk

nlavEY PeE A 2HZATE A2 A
A 38 Ao self-fieldd 213 hoop stress
T A& g HyE whA Hrf ol %A
TAAe uH HEE 7“49_7‘11 %™, Ag sheath
o} Agke] BFAR FHojdes AAdME A

549 AEE bHeA vk 1% 9%
A<t double MSM lap-joint F&dAe A2
o] whE EHE&Y WHIE HYH7] W AAA
F e v/l 2 e

AR A 04%7 A M B E 2
71 AAAFY T gvksln FH Ao

WA

—w— double MSM lap-joint
—e— unjoinned tape
1.0 + "-4\..
.
— .
p— [ ]
o8} \
% v Y
\
® v\
N ost Yo e
g v .
£ Yoo e
Q \' ~e
Z o4t \v\ e,
0.2 1 1 1 1 1 1 1
0.0 0.5 1.0 15 2.0 2.5 3.0
Strain (%)
a3 9. Double MSM lap-joint A A<} v]H 3
ZH 01 H:] _‘\'3‘Oﬂ U'—}——- IC(I(‘/IC())"] tﬂﬁ]’
Fig. 9. Variations of normalized [{Is/I..) with

strain for double MSM lap-joint and
unjoined tapes.



0985% AN, o)F FHE FAisd 10,
15%2] wEHEgAME A dHFgel 587, 47.3% %2
A8l adhis Aoz Ve olgte dxF
2 & double MSM lap-joint H3 Aol 2
029%°] WMEE7R AAHAH] &wtstA
(98.0%)8t9) ol & 17*51}11 EHEo] "dojAiz
H}E e & 10, 15%2 W8 = 4209,
33.49% %2 74]@ élol HHR A4 v ste] Foh
Hog © YA HriEo  WEHE& WA (strain
tolerance)o] ZFA8lich ojel sk A= o doll <
Folase] HgRoMde HEUs #Id 91?\5}
z7 &4d 718k o2 #asc),

BT 1‘

33 10. Double MSM lap-joint A#lel WEH
LR

Fig. 10. Optical micrograph  showing  the
bubbling of double MSM lap-jointed

tape.
W g s 44 Ao uelA 58 A F 4
Lo o)BAA Lu7t FUHE W AR AW A
2103} o] & Ak REge) o :

i e
o

(bubbling) #4te] ##=E

v

R E E R
T
o,

A2 dAg Al “L‘JJOP; ] ol FE Fuo
carbon A% FiT joule gl 23 Roz A

Aol WA, AAA AL ARAAE 2
oHIL12). AgdAAsl iy dge

.2
o

%
o
12 Hr oA i

T H R
Brre) WolPRRRA wEN xRuNOR
Ada7t A% el AF Row Amwh
BHAAE 4A Baol dow ANYe) wF
A oron od davt A%em, 4w 34
A ewsh WA Hw AMALTE FHAGe
28l lsE A wie] MAY F A4 1
doz AEEAA Ry 2dEdel 1wz
A g shelok du, HET ¢ TR Fehd

FA8AY & uh(Ag foil) o2 PNF oA WX
3 =3

Bi-2223 W% Al dAE Hiatn 9714 2

929

7] A 2} 2 528 3) =%, Vol. 16, No. 10, October 2003.

71AR 54¢ Hrhskdoh oA A HEeH
o 7t & 01?4%?_' et AdAE FEA
7171 g8 7 e ol dAE A E A2
e wHE AHestah

MM lap-joint A A= F8& 29.0%, n g 282
g e dAnE 54e JeEbidles, MsM

butt-joint, MSM joint, double MSM lap-joint

2

o

ot

ax St
oo Book

2

-

Do 2

-z
i

(1]

21

)

OB 2 Y
O o N 0 X o

o
2 1o,
2

stith WFAANA AAH HAe
%

AAFZEAl FAHAG AF F+E ANFH
7k double MSM lap-jointol A= &3
n-zkol Z+zk 76.0%¢t 512 iEbwkch ol
A WEET op]a} 7 e &
’\}%?‘LO&-W F oot AR Abelo) Het
Zobstm HeRe EddE n

Fo AtgEch

v Aol wste 44~
gugon Hayyge M
38 %743 23 double MSM-lap
HEs Aol wsted W gUAdol

(3

by}
=
o
E

Bt

=)
s
a3 m
}">’ 0_.\..
% _e
ptd
P

f
tr

e
o
° 1o

e v

iy
I
B
tlo
SR \

Y

=7

e

crack, 2783 HeAHA, 2
Edde 23 Fo §
Al

o HzteT.

>

2] Z

J
of¥

®
]
zl el o 12 c?—]

Aol 2

L o217) ZEE AT 2
$871% AQEy a7 Ao e

o

ilal

[y

g

Y. B. Huang, X. Y. Cai, T. Holesinger, V.
A, Maroni, D. Yu, R. Parrella, M. Rupich,
E. Hellstrom, M. Teplitsky, K.
Venkataraman, and D. Larbalestier,
“Improving the critical current density in
Bi-2223 wires via a reduction of the
secondary phase content”, presented at ASC
2002, Houston USA, Aug. 4-9, 2002.

K. Fukushima, M. Okada, J. Sato, T.
Kiyoshi, H. Kumakura, K. Togano, and H.
Wada, ‘“Persistent mode operation of
Bi»SroCaCu:0/Ag  stacked double pancake
coils with superconducting joints”, Jpn. J.
Appl. Phys., Vol. 36, p. L1433, 1997.



J. of KIEEME(in Korean), Vol. 16, No. 10, October 2003.

(31

[4]

[5]

(5]

[6]

[71

(8l

[9]

[10]

[11]

J. E. Tkaczyk, R. H. Arendt, P. J.
Bednarcxvk, M. F. Garbauskas, B. A.
R. J. Kilmer, and K. W. Lay,
“Superconducting joints formed between
powder-in—-tube Bi:Sr:CaCusO/Ag  tapes”,
IEEE Trans. Appl
946, 1993.
T. Hase,
Himada,

Jones,

Supercon., Vol. 3, p.

K. Shibutani,
and R. Ogawa,

S. Hayashi, M.
“Fabrication of
superconductively jointed silver-sheathed
Bi-2212 tape”, Cryogenics. Vol. 36, p. 21,
1996.
S. S. Oh, H. S. Ha, D. W. Ha, H. M. Jang,
C. Park, K. J. Song, Y. K. Kwon, and K.
S. Ryvu, “Development of Bi-2223 HTS tape
and its application to coil and current
leads”, Cryogenics, Vol. 42, p. 377, 2002.
J. H. Kim, K. T. Kim, J. Joo, and W. Nah,
“Measurement of joint properties  of
Bi(Pb)-Sr-Ca-Cu-0O (2223) tapes by field
decay technique”, Physica C, Vol. 372-376,
p. 909, 2002.
J. H. Kim and J. Joo,
characterization of  the
Bi-Pb-Sr-Ca-Cu-O superconductor tape”,
Supercond. Sci. Technol., Vol. 15, p. 1600,
2002.
P. Kovac, L. Cesnak, T. Melisek, [. Husek,
and K. Frohlich, “Relation between critical
current and exponent n in Bi(2223)/Ag
tapes”, Supercond. Sci. Technol., Vol. 10, p.
605, 1997.
W4z, 29, F31&, v, “Bi2223) ot
c AAe HeTg 47, "rldA
Fel =8, 144, 63, p. 511, 2001.
PE, FRE, ek, EF, 23

“Fabrication and
jolning of

>

X

of

z
3

Yoy oo
O}L Lt
Mn
p

R

=, tme 2Ax Ao e AT,
ZANRAARTSS 2000d% FAEE I
=7, p. 41, 2001

A. Jeremie and R. Flukiger, “Effect of
controlled carbon impurities on J. in
Ag/Bi(2223) tapes”, IEEE Trans. Appl

930

Supercond., Vol. 30, No. 4, p. 1883, 1994.

[12] H. S. Ha, S. S. Oh, D. W. Ha, K. ]J. Song,

Y. K. Kwon, and K. S Ryu, “Bubbling in
the fabrication of Bi-2223/Ag wires using
PIT process”, Physica C, Vol. 372-376, Part
2, p. 956, 2002.



