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Optimal Design of Multi-Step Current Leads Using HTS Tapes
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Abstract - The optimum cross-
sectional area profile of gas-cooled
high-temperature superconductor (HTS)
current lead is analyzed to have
minimum  helium  boil-off rate. The

conventional constant area HTS lead has
much higher helium consumption than
the optimum HTS lead considered in this

study. The optimum HTS 1lead has
variable cross-sectional area to have
constant safety factor. An analytical

formula of optimum shape of lead and
temperature profile are obtained. For
multi-step HTS current leads, the
optimum tape lengths and minimum heat
dissipation rate are also formulated. The
developed formulations are applied to the
Bi-2223 material, and the differences
between constant area, constant
safety-factor, and multi-step current
leads are discussed.
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Fig. 1. (a) Schematic of a current lead
with constant area, and (b) with
constant—safety-factor.
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Fig. 2. Schematic of a current lead with
multi-tapes.
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Fig. 3. Temperature profiles for constant-

area lead, constant-safety-factor lead,
2-tapes, and 3-tapes lead.
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Fig. 4. Cross—sectional area distribu-
tions for constant-area lead, constant-
safety- factor lead, 2-tapes. and 3-
tapes lead.
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Fig. 5. Safety factor profiles for constant-
lead,
2-tapes, and 3-tapes lead.

area constant-safety—factor

Table 1.
volume of multi-step lead and constant

Comparison of heat leak and

safety-factor lead.

Q/Qo V/Vo xi/L Ti(K)

2-step| 0.75 0.84 0.32 60.72

0.11 47.15

3-step| 0.69 0.77 057 68 44

0.04 35.17

4-step| 0.66 0.74 0.34 60.72

0.68 71.21

0.01 24.26

0.20 53.68

5-step| 0.63 0.71 047 65 77

0.75 72.65

0.001 14.13

0.12 47.15

6-step| 0.62 0.70 0.33 60.72

0.56 68.44

0.79 73.53

0.0001 | 4.60

0.07 41.00

0.24 55.96

T-step| 0.60 0.69 0.43 64 78

0.63 70.09

0.82 74.12
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