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It has been created for several years and in particular, the materials that make up the composition and the
expected properties are followed by experts. Meanwhile, microstructures are considered for the optimal
mode and accuracy of calculations. Microstructures are heterogeneous materials whose structure is
optimized by an optimization process. In this thesis, topology optimization design for multiphase elastic
microstructure is implemented using compensation factor and numerical homogenization method. During
this study, numerical optimization is performed by applying calculations on design changes consisting of
volume percentage of each phase in each element. The technique of solving the topology optimization
problem is divided into several series of two-phase subproblems, which performs its task with a
conventional two-phase operator as an operator in the optimization space. In this research, values equal to
0.7264, 0.4447 and 0.3008 were obtained. In general, the calculation rate of a view depends on the number
of phases involved in the structure design process. Until this study, this question has been answered for
symmetric, symmetrical and two-phase microstructures.
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1 Topology optimization

2 Structural mechanics

3 Fluid flow

4 Heat transfer

5 Fused Deposition Modeling
6 Unit cell
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Fig. 7 The designed microstructure with a volume fraction of 0.20 and
0.45 respectively from phase 1 (red) and phase 2 (blue and 0.35 green for
void) of solid phases and shear modulus equal to 0.0111 in two
dimensions
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Fig. 8 The designed microstructure with a volume fraction of 0.15 (red)
and 0.50 (blue and 0.35 for the void phase) of phase 1 and phase 2 of
solid phases and shear modulus equal to 0.0197 in two dimensions,
respectively
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Fig. 4 The designed microstructure with a volume fraction of 0.2 and
0.55 respectively of phase 1 (red) and phase 2 (blue, and 0.25 green
representative of the void phase) of solid phases and a shear modulus
equal to 0.0222
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Fig. 5 the designed microstructure with volume percentage of 0.15 and
0.60, respectively, of phase 1 (red) and phase 2 (blue and green
representing the void phase) of solid phases and shear modulus equal to
0.0330 in two dimensions
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Fig. 6 The designed microstructure with a volume fraction of 0.325 of
phase 1 (red) and phase 2 (green and 0.35 blue for the void phase) of
solid phases and a shear modulus equal to 0.0209 in two dimensions.
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Fig. 9 The designed microstructure with a volume fraction of 0.375 of
phase 1 (red) and phase 2 (blue and 0.25 green for the void phase) of the
solid phases and the volume modulus (bulk) is equal to 0.2553 in two
dimensions and 0.1910 in three dimensions
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Fig. 10 The designed microstructure with a volume fraction of 0.35 (red)

and 0.40 (blue and 0.25 for the void phase) of phase 1 and phase 2 of the

solid phases and volume modulus equal to 0.2798 in two dimensions and

0.1965 in three dimensions, respectively
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Fig. 11 The designed microstructure with a volume fraction of 0.425 of

phase 1 (blue) and phase 2 (red and 0.15 green for the void phase) of

solid phases and a volume modulus equal to 0.3679 in two dimensions

and 0.2915 in three dimensions
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3. tensor
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Fig. 14 The designed microstructure with a volume fraction of 0.35 (red)
and 0.40 (blue and 0.25 for the void phase) of phase 1 and phase 2 of
solid phases and axial stiffness equal to 0.2966 in two dimensions
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Fig. 15 The designed microstructure with a volume fraction of 0.425 of
phase 1 (red) and phase 2 (blue and 0.15 green for the void phase) of
solid phases and axial stiffness equal to 0.2767 in two dimensions and
0.3359 in three dimensions
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Fig. 16 The designed microstructure with a volume percentage of 0.40
of phase 1 (red) and 0.45 (blue and 0.15 green for the void phase) of
phase 2 of solid phases and axial stiffness equal to 0.2944 in two
dimensions
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Fig. 12 The designed microstructure with a volume fraction of 0.40 (red)
and 0.45 (blue and 0.15 void for green) of phase 1 and phase 2 of solid
phases and volume modulus equal to 0.5083 in two dimensions and
0.3008 in three dimensions
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Fig. 13 The designed microstructure with a volume fraction of 0.375 of
phase 1 (red) and phase 2 (blue and 0.25 green for the void phase) of
solid phases and axial stiffness equal to 0.2889 in two dimensions and
0.3062 in three dimensions
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Fig. 17 The designed microstructure with volume percentage of 30 of
phase 2 and 20 of phase 1 of solid phases and volume modulus equal to
0.7264 (Hashin-Shtrikman criterion: 0.7869)
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Table 1 Microstructural optimization results
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