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Abstract: To address the severe self-field degradation and low utilization of compact 1 kA-class high-temperature supercon-
ducting current leads under high current-carrying conditions, this paper presents an optimized structural design of the con-
ventional densely stacked configuration, based on theoretical analysis, numerical simulation and experimental validation.
First, a one-dimensional analytical model and COMSOL finite-element simulation were used to systematically analyze the
thermal performance of the heat-exchanger section and determine the optimal length-to-cross-section ratio. Second, a 10x2
distributed array layout was proposed, and the heat-exchanger section sample was fabricated on an FR-4 support skeleton.
Finally, current-carrying tests were carried out at 77 K in a liquid-nitrogen environment for both the optimized and conven-
tional structures. The results show that the optimized structural design reduces the self-induced field strength by 60. 8% com-
pared with the traditional densely stacked configuration, raising the critical current retention rate from 55% to 80% ( where
“critical current retention rate” is defined as the ratio of the critical current under the operating magnetic field to that under

zero field ). Moreover, the design maintains a compact
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Analytical analysis (a) and simulation results (b) of optimal length to cross-sectional area ratio (L/S), the contour map of temperature dis-

tribution (c¢) and temperature profile (d) at the optimal L/S of the heat-exchanger section in high-temperature superconducting current leads
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Fig.3 Current testing of the heat-exchanger component in high-temperature superconducting current leads: (a) /-U curve, (b) -U

curve during operation
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of the self-induced field in densely stacked configuration under a total current of 1 kA
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Table 2 Maximum magnitudes of the self-induced field and x, y components for distributed array layout and densely stacked configuration

current leads under different current conditions

Distributed array layout

Densely stacked configuration

Total
current/ A 1Bl /T 1B, /T 1B, 1, /T 1BI,,/T 1B,1,,./T 1B, |, /T
0 0 0 0 0 0 0

200 0.0038 0.0034 0.0035 0. 0096 0. 0096 0. 0090
400 0.0075 0. 0069 0. 0069 0.0192 0.0192 0.0181
600 0.0113 0.0103 0.0104 0.0288 0. 0288 0.0271
800 0.0150 0.0138 0.0138 0.0384 0.0384 0.0362
1000 0.0188 0.0172 0.0173 0.0479 0.0479 0.0452
1200 0.0225 0. 0207 0. 0207 0.0575 0.0575 0.0543
1400 0. 0263 0.0241 0. 0242 0.0671 0.0671 0. 0633
1600 0. 0300 0.0276 0.0276 0.0767 0.0767 0.0724
1800 0.0338 0.0310 0.0311 0.0863 0. 0863 0.0814
2000 0.0376 0.0345 0. 0346 0.0959 0. 0959 0. 0905
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