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Design study on superconducting coil system of cyclotron for nuclear waste disposal

Ishiyama, Atsushi
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We have been developing superconducting REBCO coil systems for a cyclotron with a
output power of 30MW for nuclear waste disposal. At first, we carried out conceptual design of the REBCO
coil system for a 30MW cyclotron. The REBCO coils require a high mechanical strength in order to overcome
the huge hoop stress. In our previous study, we have proposed a coil structure named “ YOROI-coil
structure” . The YOROI-coil structure consists of the upper and lower plates and the outer frame of the
winding. The outer frame is connected to the upper and lower plates, and transfers a part of
electromagnetic force from the coil winding to the reinforcing outer plates. However, to realize HTS
magnets with higher magnetic field and higher current density, development of advanced YOROI-coil
structure is expected. In this study, we investigated effect of stress control structure to realize HTS
coil with a mechanical strength over 2GPa by the three-dimensional finite element structural analyses.
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Parameter Value
Coil winding
Inner diameter 219 mm
Outer diameter 240 mm
Height 10.5 mm per a pancake coil
Material YBCO
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Super_YOROI
Flame thickness
Inner flame 6 mm
Outer flame 15 mm
Plate thickness 3mm
Material SUS304
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Parameter Value

Coil winding
Inner diameter 1000 mm
Outer diameter 1021 mm
Height 10.5 mm per a pancake coil
Material YBCO
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45 mm
15 mm
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[ A/ mm?] [MPa] [ GPa]

1500 463 7.0 1.59
2500 771 13.2 3.00
3000 925 16.7 3.69
3500 1079 20.6 4.70
4500 1388 29.3 6.68
5500 1696 39.3 8.95
6500 2005 50.5 11.50
7000 2159 56.5 12.88
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