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Study of Multi-Step Current Lead
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Abstract

High-Tc superconducting current leads with multi-step and continually varied cross-sectional area are
studied to reduce heat leak into cryostat and material use. Assuming conduction-cooled  lead, the
cross-sectional area is reduced along the heat flow direction according to the increase of critical current
density which increases with decreasing temperature. In this study, we also analyze the multi-step
cross-sectional area High-Tc current leads. The multi-step current leads changes the cross-sectional area
to have constant safety-factor at changed section. The heat leak into cryostat, total volume, safety-factor
and the temperature profiles are compared to those of the constant safety-factor current leads. The
developed methods are applied to the Bi-2223 superconductor sheathed with Ag-Au alloy.
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cross-sectional area, m’
dimensionless cross-sectional area
current, A

current density, I/A, A/m’,
thermal conductivity, W/m-K
length of current lead, m

heat leak into cryostat, W
dimensionless heat leak,

Qo SI/ Ja (Te-T1)/L)

QO N AN~

S safety factor, dimensionless, J.A/T

T Temperature, K

Vv Volume of current lead, m®

v dimensionless volume, V/(LSI/Ja)

b'e coordinate along current lead, m

Y integration of thermal c¢onductivity
defined by Eq. (11), W/m

y Y/ kol Te-Th)]

7 dimensionless coordinate, x/L

7 dimensionless temperature,

(T-THAT-Tv)
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A dimensionless thermal conductivity,
k/ko

x
rh

b
2

i

2

g,

°
2

23

= u
i

ol

2 o Hu
(g oop HE M
[

fo

UL N )
o rir

P

2

t

i
R
rlo
4z

He o Lo
2 oy
o lo
o fu
o P
@ 2
2R v
fr

N U
o

i e

o

u

i

o

A

E:
4 4
i
U
¢ orle Ju
2 2

B

2o

oo
N
2
lo
2
X

r
2,
RN

lo &
P
2
N

2 fo
X
i
K
o

i
5
oift

>
)
a e
oo bk ozo Ay 0

w o =
of i — Ho ly

g gy 2
o
e o
2

3o e
oo
2

4 o
Lo

ooy e

—2'0
'i“_%
e
o

o Mg &R Q32 cd
2
flo

ox
2
H
M
2
Hu
bt
1A
fo
¢ ood
o
()
B
[ 4

ne
kT o

4
H e

fr
z

)
of 3 it
2

3to] Wiedemann-Franz ¥ 3
Wwasto 2 b & 74 1] Seolfl2] &
19 & e} o] PIT(Powder In Tube) HTS A
JMo & A& (burn out) H5A LS A
st Zeimetz[3] T2 ZHol7t & o
HTS HolZ & o] &3l @& 7MAE

i

L R U R
oo

o
o,

}



HTS AFE4A & Agsidt. A2 de 4
ol 7} HTS EHo|ZEL HAM AxgAo
2 HolH P YML2 wE u 7 gojx
9 Zolg HAF ANNE UYL AMPoz
T34t Moon[4]5 & ¢tA Lol YAES
HTS AF =4 dd g AN A
2 442 993 e ZF=4 & 293,
YAGAAY S vzaty A,

2 A7 AL Fig. 1 (a)9 o] 937 A9
Aol7t & YA 9y 31L& zAEA H
o2 AFF v HTS AF =LA Fig.
1 (b)¢} ol dHAHo A&xog WeE
HTS AFE=EUYAES vizstnzx 3. gy
2o 7 dHolXel ZHol: Zeimetz[3]7}
A wAoz 7t UM dHHo] W3
3 e FEe ¢Ago dAJEE Holx o
dolg MHslgan, d& 3oz Wggss o
HEE A TUdHE 2 949 A Lol
YAIEE gddAL HWHAZRTG. A4A
& =PAY GAdgH FYE A AL S
714 da =948 18sld ALer 599
F, 2949 A, 2du 25 E¥E v

ZESYY.

T
L - T, L
e Te
X
Xw X
'I; .
(a) (1))

Fig. 1 Schematics of HTS current leads
(a) multi-step area with three tapes and
(b) variable cross-sectional area.
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Fig. 2 Integration of thermal conductivity
of current lead material.
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Fig. 3 Temperature profiles for constant
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factor current leads.
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Fig. 4 Cross-sectional area variation for

constant cross-sectional area and

constant safety factor current leads.
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Fig. 5 Temperature distribution of the

current lead composed by two HTS tapes
(thick line).
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