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Abstract

This study introduces a topology optimization method for the simultaneous design of macro-scale structural configuration and unit structure

variation to ensure effective heat conduction. Shape changes in the unit structure depending on its location within the macro-scale structure

result in micro- as well as macro-scale design and enable better performance than using isotropic unit structures. They result in functionally

graded composite structures combining both configurations. The representative volume element (RVE) method is applied to obtain various
thermal conductivity properties of the multi-material based unit structure according to its shape change. Based on the RVE analysis results, the

material properties of the unit structure having a certain shape can be derived using machine learning. Macro-scale topology optimization is

performed using the traditional solid isotropic material with penalization method, while the unit structures composing the macro-structure can

have various shapes to improve the heat conduction performance according to the simultaneous optimization process. Numerical examples of

the thermal compliance minimization issue are provided to verify the effectiveness of the proposed method.

Keywords : functionally graded structure, topology optimization, heat conduction, representative volume element method, machine

learning, solid isotropic material with penalization method
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Fig. 1 Shapes of unit structures composed of two different materials
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Table 1 Comparison of average heat flux between the
heterogeneous and the homogeneous unit structure (unit: W/m?)

Heterogeneous | Homogeneous | difference(%)
1-direction 8.695 8.7017 0.077
2-direction 9.675 9.6848 0.1
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Fig. 4 Plots of heat conductivity for square type unit structure
obtained by machine learning
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Fig. 5 Plots of heat conductivity for circle type unit structure
obtained by machine learning
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Fig. 7 Example model definitions for topology optimization
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