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Conceptual Design of High-Tc Superconducting Current leads for
Superconducting Nuclear Fusion Magnets with respect to various HTS
tapes
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Abstract: Superconducting current leads are
indispensible for reducing power loss when
subjecting current  into superconducting
magnets. HTS(High-Tc superconducting) current
leads are divided into two types; one is bulk type
and the other is tape type. In this paper, conceptual
design on the HTS current leads which adopts tape
type for nuclear fusion magnets is carried out using
magnetic field analysis and thermal analysis. When
large current flows through superconducting current
leads, strong self magnetic field is generated and
applied to the superconducting tapes. This
phenomenon leads to the critical current decrease of
the superconducting tape. Therefore, we analyzed
magnetic field distribution of current leads and
found the proper arrangement with respect to the
various HTS tapes. In addition to the magnetic field
analysis, heat leak through the current leads was
also calculated to know which HTS tape is superior
than others in thermal aspect. Magnetical field
analysis and calculation of heat leak are performed
to design 2 kA class HTS current leads.

Key Words: critical current, heat leak, magnetic
field analysis, superconducting current lead.
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Fig. 1. Cross—sectional view of superconducting
urrent lead.

Table 1. Specifications of HTS tapes. T T @

Bi-2223 3448 Cryoblock?2
HTS BSCCO YBCO YBCO
width 40 [mm] 4.0 [mm] 49 [mm]
thickness 0.3 [mm] 0.2 [mm] 0.2 {mm]
Critical
current
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Fig. 2. (a) FEM model of stacked current lead (b)
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Table 2. Simulation results of operating current and
critical current with respect to various conditions.

H] 3 Bi-2223 344(Cryoblock2) KA (71— 70)
- 5564 [A] 53.04 [A] ol Lgn[ 2 } (5)
e (111.28 [AD (106.08 [AD Gl hy
67 = 55.018 EA]) 52.79 {A]
17 [A y
(1_10 7 (105 579 [AD Table 4. Specification of thermal characteristics and
7R = 5468 [A] 5242 [Al size of various material.
(109.35 [AD (104.85 [AD
g2 5439 [Al 5259 [A] Bobbin GFRP
o
Table 3. Simulation results of total operating Am(Bi-2223) 0504 [em’]
current. Am(344S) 0.336 [em?]
H] 31 Bi-2223 344(Cryoblock2) "
. An(Cryoblock2) 0.336 [cm”)
58 % 1.66 [kA] 159 [kA]
68 = 1.8 [kA] 1.90 [kA] K (Bobbin) 0.00267 [W/cm*K]
4% 2.29 [kA] 2.20 [kA) Kn(Bi-2223) 0.327 [W/em+K]
A= 261 52 (KA
842 61 lkAJ 252 [kA] Km(344S) 0192 [W/cm+K]
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Fig. 3. Calculation result of heat penetration with
respect to various HTS tape.
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