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Seismic analysis of magnet systems in helical fusion
reactors designed with topology optimization
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Superconducting magnets in fusion reactors are subjected to a huge electromagnetic force of >100 MN/m. The
magnets have to be sustained with a structure with a strong body to avoid high stress and deformation. Ex-
trapolating existing fusion experimental device constructed ever, the total weight of the magnet system, i.e.,
the magnet and support structure, of a commercial fusion reactor is estimated to exceed 20,000 tons. Weight
reduction is desired from the viewpoint of material procurement, cold mass, and the reduction of radioactive
materials after decommissioning. Recently, novel structural shapes with significant weight reduction have
been achieved using topology optimization techniques. Here, we employed the topology optimization tech-
nique to the magnet-support structure in the helical fusion reactor. Compared with conventional design, we
achieved a weight reduction of >25%, which is worth thousands of tons. Furthermore, we confirmed that
the maximum von Mises stress in the topology-optimized design was within the allowable stress limit of the
structural material. However, the topology-optimized shape seemed sensitive to unusual loads, such as an
earthquake, a fast down of the magnet excitation, a loss of coolant, etc. Thus, we performed seismic analysis
using the mode superposition method referencing the virtual envelope of acceleration response spectra for
recent significant earthquakes. Although robustness against an earthquake depends on the conditions of the
ground and floor/building, the calculated results show that the safety of the magnet system could be provided
with seismic isolation systems. The results of the seismic analysis under various conditions are presented.
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