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Topology Optimization for Periodic Microstructure with Elasto-plastic Material
Using FFT-based Homogenization
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Thanks to the development of additive manufacturing technology, it is becoming possible to produce mate-
rials with desired mechanical properties defined by their periodic microstructures. Topology optimization
has attracted much attention for designing optimal microstructures, but its high computational cost prevents
nonlinear analysis assuming actual materials. In this study, we focus on the FFT-based homogenization

approach and propose a highly efficient optimization method for elasto-plastic microstructures.
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Table 1 Material parameters
phase-A phase-B
Young’s modulus (GPa) 2 200
Poisson’s ratio 0.35 0.3
yield stress (GPa) 0.03 0.2
hardening parameter (GPa) 0.02 2
volume fraction (%) 70 30

Table 2 Average compute time per one optimization step

FEM FFT
case-1 5.5 0.8
case-2 137.6 2.0
(sec.)
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Fig. 1 Optimized topology in case-1 (elastic range)
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Fig. 2 Optimized topology in case-2 (plastic range)
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Fig. 3 Equivalent plastic strain distribution in case-2
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