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T Attt
| Abstract ]

A material mixing method to obtain an optimal topology for a structure in a thermal environment was suggested.
This method is based on Evolutionary Structural Optimization(ESO). The proposed material mixing method extends
the ESO method to a mixing several materials for a structure in the multicriteria optimization of thermal flux and
thermal stress. To do this, the multiobjective optimization technique was implemented. The overall efficiency of material
usage was measured in terms of the combination of thermal stress levels and heat flux densities by using a combination
strategy with weighting factors. Also, a smoothing scheme was implemented to suppress the checkerboard pattern
in the procedure of topology optimization. It is concluded that ESO method with a smoothing scheme is effectively
applied to topology optimization. Optimal topologies having multiple thermal criteria for a printed circuit board(PCB)
substrate were presented to illustrate validity of the suggested material mixing method. It was found that the suggested

method works very well for the multicriteria topology optimization.
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Fig. 2 Transformation and removal lines
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Table 1 Material properties
Material Material Material Material
1 2-1 2-2 23
Youngs | oGea | 210GPa | 210GPa | 210GPa
Modulus
Density | 2.32kg/m’ | 1.624kg/m’ | 1.624kg/m’ | 1.624kg/m’
Heat 0.045 0.0225 0.045 0.09
Conductivity] W/mmK | W/mmK | W/mmK | W/mmK
Thermal
Expansion | 1.2x10°/°C [1.2x107%/°C [1.2x10%°C | 1.2x10°%/C
coefficient
Poison’s 03 03 03 0.3
ratio
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Fig. 6 Topology solution of a PCB substrate made of
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Fig. 7 A Pareto topology solution of a PCB substrate made of 2 materials
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Fig. 8 A Pareto topology solution of a PCB substrate made of 3 materials

Table 2 Material properties

Material | Material 2 Material 3
Young’s 210GPa 210GPa 210GPa
modulus
Density 2.32kg/m’ li6kgm' | 0.696kg/m’
Heat
.. 0.045W/mmK | 0.036 W/mmK | 0.027W/mmK
Conductivity
Thermal
Expansion | 1.2x107%°C | 12x10%°C | 12x10%C
coefficient
Poison’s 03 03 03
ratio
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