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Development of multi-scale shape optimization method for creating
ultra-lightweight meta-porous structures
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With_the development of 3D printing technology, innovative weight reduction
can be expected by distributing porous materials (microstructures) with voids in appropriate
locations in the main body of a structure (macrostructure). In this study, we developed a novel
multi-scale shape optimization method that optimizes the shape, material, and cross-sectional
dimensions of the microstructures distributed in the macrostructure while optimizing the shape of
the macrostructure. We dealt with design problems of rigidity, vibration, and strength, and proposed

solutions to them. We freely varied the design variables of the shapes, materials and dimensions of
elastic bodies, plate and shell macrostructures, and microstructures consisting of porous and
lattice structures without shape design parameterization, and succeeded in obtaining maximum
mechanical properties and ultra-lightweight structures.
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