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Electromagnetic Phenomena in Superconducting Magnet for Fusion Facility
— Pool-Cooled Superconducting Coil —
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Abstract

The features of superconducting coils for nuclear fusion devices include large size, high field, and high cur-
rent density. A large conductor is needed for such a large coil to suppress the voltage increase. Since the abil-
ity of pool-cooling becomes relatively less with the increase of conductor size, new technologies are necessary
to achieve both sufficient mechanical strength and cryogenic stability with high current density. A compos-
ite conductor of the 20 kA class was developed for the LHD helical coils. The conductor consists of a pure alu-
minum stabilizer, a copper sheath, and NbTi/Cu strands. New electromagnetic phenomena, which are Hall
current and slow current diffusion into the stabilizer, deteriorate the cryogenic stability. The mechanism and
countermeasures are described. Furthermore, a perspective on pool-cooled coils is discussed.
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Table 1 The main characteristics of pool-cooled superconducting coils for fusion devices.
LCT (GD) LCT(GE) LCT (Japan) TRIAM-IM MFTF-B Tore Supra LHD
A20 coil Helical coil
Start/Finish of manufacuring 1976/1987 1976/1987 1976/1987 1979/1986 1977/1986 1981/1988 1990/1998
Superconductor NbTi NbTi NbTi NbsSn NbTi NbTi NbTi
Bath temperature K 42 4.2 42 42 42 1.8 4.4/1.8
Design current kA 10.2 10.5 10.22 6.202 4.542 14 13.0/17.33
Current density (winding)  MA/m2 274 24.7 26.6 574 23.8 40 40/53
MA turns per coil MA 6.4 6.53 6.73 2.05 9.75 2.8 5.85/7.8
Conductor
Dimension mm 31.2x9.63 41.75x10.3  26.8x12.6 14.0x7.1 124x12.4 5.6%x2.8 12.5%18.0
Magnetic field T 8 8 8 10.8 7.75 9 6.9/9.2
Current density (conductor) MA/m? 37.99 35.12 30.26 62.4 29.5 90 57.9/77.1
Stabilizer material Cu Cu Cu pure Al + Cu Cu Cu pure Al + Cu
Strand diameter mm 1.64 1.77 2.3 - - - 1.74
Number of strands 23 16 15 - - - 15
Strand twist pitch mm 138 388 150 - - - 132
Filament diameter pm 21 50 50 4 200 23 47
Number of filaments 2100 666 1060 361x1447 - 11000 726
Filament twist pitch mm 100 37 30 320 150 - 26
Cooled perimeter mm 47.1 134.8 364 14.2 - - 25.6 - 40.9
Effective heat flux W/cm?2 0.17 0.27 0.87 0.85 - - 0.29
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Fig. 3 Magnetoresistivity of copper and aluminum.
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Fig. 6 Longitudinal voltage drop of LHD helical coil conductor
after initiating a normal zone by heater.
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Fig. 7 Deterioration of the minimum propagating current of LHD
helical coil conductor by slow current diffusion into a pure
aluminum stabilizer.
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Fig. 8 Equal-area diagram for the dynamic stability of pool-
cooled conductors with slow current diffusion into a sta-
bilizer.
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