Seismic analysis of magnet systems in helical fusion reactors designed with topology optimization
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®In a magnetic confinement type fusion DEMO reactor, electromagnetic (EM) force reaches
over 100 MN/m. To support the huge EM force, a strong coil support structure is required.

®In recent years, the topology optimization method contributes novel designs that overturn
conventional designs.

®0n the other hand, the topology-optimized shape seemed sensitive to unusual loads, such
earthquakes even if it is sound in normal excitation operation.

®|n this study, the topology optimization is applied to design of the coil support structure in
the helical fusion reactor FFHR-c1, which is being designed as the LHD-type DEMO, to
reduce the total weight of the magnet system. A seismic analysis is also performed using
the mode superposition method referencing recent significant earthquakes.
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Calculated topology optimized design
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Eigen vibration mode from the first to under 20 Hz for the coil support structure in FFHR-c1.
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Result of mode-superposition analysis;
von Mises stress distribution
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Example

Using the result for the FFHR-c1, in the case
of device having similar shape and following
specification;

major radius 7.8 m, and magnetic field 6.6 T,
v'Maximum EM force can be 70 MN/m
v'Maximum stress can be 700 MPa

_ with basic thickness of 142 mm.
v'Eigen mode: 10.7 Hz (1°%), 18.1(5%), and
29.1 (6th).
®The design of the magnet support structure for the helical fusion reactor FFHR-c1
using topology optimization was reported. Consequently, it is possible that the weight
of the structure can be reduced by about 25% compared with conventional design.
16 11 16 21 26 ®Soundness of the optimized structure against the EM force was confirmed.
Result of thr::;dn;:::ysis for the ®Soundness against an earthquake depends on the structure of the ground and
topology optimized coil support buildings, however, safety of the magnet system can be compensated even without
structure. seismic isolation building.
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(no topology change)
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