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A Study on the Stability of Bi~based Superconducting Wires

cooled by a Cryocooler

ol Al A
(Ho-Jin Lee, Gye-Won Hong)

Abstract

The stability of Bi-based superconducting wires cooled by a cryocooler was studied by considering

the temperature dependency of critical current and electrical resistivity.

The critical current measured

n .23 K was about 7 times higher than that measured in liquid nitrogen of 77 K. The stability
behavior of Bi-based multifilament wires subjected to a thermal disturbance, which was simulated

with a electric heater, was investigated by measuring the variation of voltage drop with time.

Current sharing was occurred, and recovery

removing heater power.
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Fig. 1. (a) Cross section of Bi-based mono-

filament wire, (b) A specimen for
measuring the critical current of wire

and the resistivity of sheath materials.
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Fig. 2. (a) Cross section of Bi-based mulri-

filament wire, {(h) A  specimen for
investigating  the stability  of  super
conductig wire.

Fo-tvl ring AFold: 130 zm mylar sheet & 3
1 3H wo H7IHAd A SR S




AL 3t heater o HAE F
HEgEe FE FolnA sl Holo ubg
Aede JAHRF & ¥5gE 2487 94 20
mm ASE 379 e A HAGAEE H e}
Aok tE/AZ ZH4 5 mm, ¥4 01 mm o @
2 120 2 9| strain gage & heater & Ab&8lo
A Al AN uFHg vhstglow, ojw wMrgEi=
Aol HH BEXe wEE  #Hdsty] 9
heater 9 %ol A 10 mm Gol7 R BZHE A
A" 20 mm A9 ddE 27 pPrheli A Al b
b2 wdstdshe) ‘3‘.31}‘@? FAlol A8kt

N

T T8 ring o8

Sample

/ Cu plate

—ph

Vaccum chamber

Superinsulation

T

Vaccum vent

e

Trans. current
Tem. sensor

Voltage Tap Cryacooter

M350CP

LB AE 87 FYE
Fig. 3. Schematic of a cryocooler with a
vacuum chamber system.
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Fig. 4. Temperature dependency of critical
current for Bi-based superconducting

wire.

LE Aol B Kol AMAL £ (77K) AN =
B dAAF B WErldAN E2d® 77 K 9
]

AAAF ol 1}017} (B o]%:; 2w AsE
A SESY AR AY Foe wrerst g



A FHE ol v Ea Aol HgH
poz 4zac e Sy ANAL Sola,

S A8 77 Rel A 49 dAFRg e 4
AR5kl & 0 F Kol Bi A 2Hk

Mae] dAEEE Ao 100 K ik of gl

4. HERe M vlXE Y] (ratio) 5H

N EHEALQe] MEAR gy 2
sien & Abid F AR 20t 99

Bl AL B &S

A A 82 A il

§] .r\]y. =3 3 !,] =)

=4 4 2) = L

(core; o WS FFAIAAG, F8 dxel v
g T ARl Ay

)
4 7 wuwAshe
bR gl 5
o AZE/AH S8 A ol

nE FARAAe] A¥AR Wol molu gl

99.99% o 2 (silver) & 1% 350} #AsE %z
el o]l AR &7t ol R Aol 9

o] b Ae EA LM "H o} o]: S RN By
: %

45 e

A Ee aEagge] B 59

L XL 1
ARt LLNNS S

Aajel why F By glel Ay

2154 sharing 8HYL

[ H

Agric wa & gk m
AR AT o 9 Iﬂ A E ‘} Sl ) ’Eﬂ-Qi o]! 5 g}

.Ei [ &3
Jem xoolgrel SRR AuelA Edu

e WY

Toll Ao H 4 Ek
o%l 59 7

7ie) wjs.

Q74 AR REE A Vol 10, No. 4 May, 1997,

1 4 T T T T . ;.;..’:—‘ - p—
e
-.,"l‘/
A
014 Y i
e
[o) *
g A/
- ]
z /
001 4 / J
T 1 1 T T T T T
a 50 100 150 200 250 300
Temperature(k)
a9 5.
Fig. 5. Normalized electrical resistivity of

silver  vs.

temperature  plots (4
reference”, @ measured under cri
tical temperature, Wl measured
above critical temperature)

Akl vl Aah g 15 nGm B4, 9999 v &9l
A grew el 17 nOm S ol w %
e oAoem Azkdgu” iy sl B 5

o] 80 K ool Atel A= 09099 op e wlAd v b

AAsa S o B Ak oisk FE

Aapis ol 2 A N Fof A

Mol s ok A

| cuench 7} .
4] HE o B ol Z AN
# 918 A A9e sasslvh




critical current (A)

il

_,
=
1,

an
of

£ 43 K 7HA $7Az &

:19
-

N
ok

] A T8
s, o #e 1% 6% ol ANWL Lol
4% gk vtk oF 4 W AR AdAHS
@el 7bE BAF £ ARen, of By 1y
19 rerel GE AL WIS U
s otk AAAL HAd F4E dAAFE
6 cm 2 A A *1 /4 9 07-08 A F 20%
Qwel g belg vEhia Qe Ad AA)
AAHF ol dael dFEAN HAH FHA
AAF gol ols Aadckn 3 o, 3 Haef 9
ARE e s A4 Badowe ¥4 &
27t FagE A 4 Adr
20 . T T . " T T T T
18
186
14 4 measured at 43 K
12 ¢ "

10
8
6
4] measured in LN2
- a "
24
0 T T EH T T T T T T
-1 0 1 2 3 4 5 6 7
voltage tap position (cm)
g 6. AA AL SolA YzbE tpA A 43
K % 979 tddde 9AdF 2
¥ dli
Fig. 6. Comparison of critical currents and
their distribution in the nultifilament
wire cooled at 43 K and in liquid
nitrogen (77 K), respectively.

Y 72 43 K 2 W7 | ¥ 2b A¥He 9
Aol AiE Adel FHUA en el me
20 mm A9 AW FrhelaA dojF Wl st
9 W3 g vebd Holth 90 K oA % 1 mV 3
=e Ak #Astg vieldae A 1% 49 A
F wgel olstwl 43 K AANFE o 75 % W
b mEE A 60 90 K 949¢& 4AF sharing ¥
Hog oiFEct £ 43 K oM £2E 9A & &
A amu_% Serel gelnE AUZAR SO
v}, o] HF Aejol M S gl wel 917
HF7E FotAd WZheme AAAF wE R2AE
sol2 AR s2a oA dfe 2 A58

324

v AedER AE B 2aude o3d §49
g8 suwd 99 2HE dRin de AE
2 4 gl

1.2

e

00 w———n i
50 50 70 80 %0 100
Temperature (K)
ag 7. 7 d¥7Aes 48K OFAHF 9 A
9 EHEMAY WALE el u
£ A3t "Wl (A0 0 20mm)
Fig. 7. Voltage drop response vs. cooling
temperature within a 20 mm segment.
The specimen was initially at 43 K
carrving 9 A.

ZHEAdQe] hA g e x4 s 19
7bel AHE 43 K B $AT R, 1y 6ol ¢
o dAAFH ok 75 % HAE FHAFE %
Ardgg $Adctn 7t Zd=dAel 9
A HisE o)A, 4239 heater B AHHA F
A oy mers 7hetedth Heater o @ik
022 A & dAsA & {FAANE 48k
R EMAAQ AgdE 4 dUAE WA
A e QS lEv] sl O‘iiffﬂ 274 2}
ko A e 1ok 18 82 heater
o ofsl HHH %Oﬂti A 2, & heater 2 “HE A

7h o) whek 20 mm AL 2 A FEelA o
A kel i dqhskel Wak: vebdan Tk

6% ¥ heater of AHE LTI F AYE &
=A% 1y ga oF ol 3 WM el o
122 & Azbelrt oy AR & oA 9
Mo e #HEc a1 o ¥ oA F
My FA ‘J”]"l Bl ool A FHH W
g B # %i"i” F & WA oA
heater Hdol &) 2HXEAol AXFE Al x4
LA4E FEE ‘Zl—ﬁ% & 9\1‘3“11, ¥ oA T

DA @ HEZ ofd xAEAS A= w3



>051
3

voltage drop, mV

Time ,sec
a8 8 dHEde A S A
g s (1 "R R gelA HY, 22
W FRelA FE, H o heater WY
()9 scale)).
Fig. 8. Voltage trace recorded during the

normal zone occurrence (1 : voltage

trace of the first segment in wire. 2
second

voltage trace of the

segment in wire, H @ heater voltage
drop of arbitrary scale)

Heater operating time (a) 6 sec, {b)
10 sec,

(c) 15 sec, (d) 25 sec

1g 8b ¢k e FHA
7

91 73—?‘ + ”"“ﬂ %L'{}Oﬂ)i LoAgEEvE FAEA
thoolw ¥ oA kel wgAstE A7t Ha

07 mV 2 1.1 mV BEg. 18 79 W7he&w
2ozgbabale)l wAlE Ao s, 27 43 K of
Aoemsh AR At A YA zteb Ao

425

A7 AAAZEHA Vol 10, Na. 4, May, 197,

GAAFG olslel HFI &2 Faho] m=q 3
& o 4% £ vk 19 adel B9 A2 4D

8t gkoll olatd Al s oM B 741 %{,E
Aol AL 100 K o4 &kef § 3

o8 Boxuw dH HAFF REE T:P_i B2
Aee s + Atk T wA FoelAn 2
wol els) Wt wEIh Aolu: gerk 2F g
st Adl 05 mV <& Hez ¥ oo AR
sharing B 22 o3k Algte] Aabsbdad 12
WO YR el el Aow wol
Mol o) % BE7b ol waow Hi g
s iz Aew Azg

94 AL g ge AYBABAS vy
heater Ao AASY Hiu Wdd7ds g& 29

[=]

F HEAdE FE (recovery! FHAL
33 whakel &1
heater &%l v]a

L

bae g
T 1
|

e
el oring & 2% 4
dajel FHs goel %
e AR <A 2
Joule fikcgsj ak )} 2o 7

2] © 7)1

4 ¢
o ubE IAAF Foh
apghal g o o st

B '1{ A A-] zH e

Bi 7l 3L+ &=

Wk uoslRAe) WAY WEE Fdstdth 4 e
QA Fae 2 AHE qeWER 7t 23
K4 K s a9 sl 4] =R

SEPESET R
TH, 4 W gme) @

b7t A Aol Wl o

2% wEd A%A el MAD U (raol:
80 K ol4belA 9999 % <o) w4 u Wse)
M Aee woy 1 oosteMi: B 23

Havk 43 K 2

YECIEREE E e R

795%, 5 9A ¢ Eolv heater ¥ 57 W
o] ele Al ¥ W & 43 JHE FHol
gas o, e A7 F edwAE gEs:
Awre selsglon, Aud SHud el
sharing ©} ¢ojvr do @ of4as vt

i3 02 8
1. Y. Tanaka, "High-Tc Superconducting Wires



©o

and Tapes for Electric  Applications”,
The international Workshop on Supercon-
ductivity  Co-sponsored by ISTEC and

MRS-Honolulu, pp 220-223, 1992
Y. Iwasa, Case Studies in Superconducting
Magnets, Plenum Press, pp 256-258, 1994

Ken-~itch Sato, "Recent Progress of Bismuth-
HTS
Proceedings of the conference on High

based Application”,
Te
Superconductivity - Yongpvung, pp. 14-17.1966
WHL S B o s oy W
" LIEE, Japan, Vol.ll4, No.12, pp 817-821,
1994

Tapes and

> A

e B
pi

ot

=~}

CALYENE B4 BiA 2HEA Y g FAY

M.N. Wilson, Superconducting Magnet,
Clarendon Press Oxford, pp 200-232, 1983
R.H. Bellis and Y.Iwasa, "Quench propagation
in high Tc superconductors”, Crvogenics, Vol
34, No.2, pp 129-144, 1994
Weon-Ju Kim er al, "Effect of Particle Size
Microstructure  Evolution
and Critical Current Density of Ag/Bi-2223
the
High Tc Superconductivity
214-217, 1966
Y. Iwasa, Case Studies in Superconducting

Reduction on the

Tapes”, Proceedings of conference on

Yongpvung, pp

Magnets, Plenum Press. pp 391, 1994

AUAE Y

326

A4

1956 44 394 19789 M Edetu
ST E9 im0 Eae)E
ATt &5l 19830 F )

#9 A2FEE £9 1908 4Y @
SCEEEERSETEER)



