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Development of a Material Mixing Method for Topology
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Abstract

This paper suggests a material mixing method to mix several materials in a structure. This method
is based on ESO(Evolutionary Structural Optimization), which has been used to optimize topology of
only one material structure. In this study, two criterions for material transformation and element
removal are implemented for mixing several materials in a structure. Optimal topology for a multiple
_material structure can be obtained through repetitive application of the two criterions at each iteration.
Two practical design examples of a short cantilever are presented to illustrate validity of the suggested
material mixing method. It is found that the suggested method works very well and a multiple
material structure has more stiffness than one material structure has under the same mass.
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Table 1 Material property

Material 1 Material 2
Young's Modulus 207 GPa 82.8 GPa
Density 7820 kg/m® | 3128 kg/m*

Poison’s ratio 0.3 0.3
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Fig. 5 Conditions of a short cantilever
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Fig. 6 Optimized topology obtained for; (a) case
(1), (b) case (2), (¢) case (3), (d) case (4)
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Fig. 7 Conditions of a short cantilever
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Table 2 Material property

material 1 | material 2 | material 3
Young's
modulus 207 GPa 1449 GPa | 828 GPa
Density | 7820 kg/m® | 5474 kg/m’ | 3128 kg/m*
Poison’s
ratio 0.3 0.3 0.3

Table 3 Final masses of optimal topologies

Constitution mass

1 material 0.0500 kg
2 materials 0.0475 kg
3 materials 0.0449 kg
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Fig. 8 Optimized topology obtained for a structure
consisted of ; (a) one material, (b) two
materials, (c) three materials
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