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Topology optimization of microstructures for hyperelastic composites

based on a decoupling multi-scale analysis
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The present study proposes topology optimization for microstructure of two-phase composite considering

hyperelasticity to minimize the end compliance of the macrostructure based on a multi-scale analysis. In

general the structural behavior of macrostructure depends on the geometric properties of the microstructure.

In other words, optimizing microstructure is an effectual way to improve the macroscopic structural perfor-

mance applying a multi-scale analysis. However, it needs unrealistic computational costs when structural

optimization with nonlinear structural response based on the conventional micro—macro coupling multi-scale

analysis is considered. The present study challenges to make it possible to solve the problem by introducing

a so-called decoupling multi-scale analysis assuming hyperelasticity.
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Fig. 1 Definition of unit cell and its basis axes

@ external material point

g ={d" 4 4}

R ={r" RY R}
(k=1,2,3)

g

R[’Z]

(1]

71]‘\4 Rl
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in 3D
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Fig. 3 Original and deformed homogenized bodies of
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x, x,-plane shear deformation

x,-axis tension deformation

(a) macrostructure 1: cubic structure with one finite element

oading control point
(-x, direction)

(b) macrostructure 2: bending structure with both ends clamped

Fig. 4 Structural situation of macrostructures
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(a) optimization history of topology for the case of x x,-plane shear deformation
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(b) optimization history of topology for the case of x,-directional tension deformation

Fig. 6 Optimization history of topology of microstructure for macrostructure 1, (a) case of x3-directional tension defor-

mation, (b) case of x| x,-plane shear
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Fig.9 Optimization history of topology of microstructure for macrostructure 2
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