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Abstract

The microstructure of materials have significant effect on the macro properties, the
materials with special macro-properties can be obtained by the optimal design to the
material microscopic structure. In this paper, based on the homogenization theory, the
equivalent elastic properties of microstructure is to solve, the extreme elastic performance
and extreme negative poisson's ratio characteristics of the micro-configurations can be
obtained by the topology optimization technology.

Based on the homogenization theory, the equivalent elastic matrix of the material
microstructure is to solve, in order to make use of the mature topology optimization
technology, the equivalent elastic matrix based on the homogenization theory is
expressed by the one based on the strain energy equivalent energy method. By comparing
the calculation results with the related authoritative literature, the correctness and validity
of the solution to the equivalent elastic performance of material microstructure based on
energy equalization method is verifed. some relevant numerical example shows that the
material's volume of the microstructure are the same but the different microstructure unit
cell from different periodic structure, the equivalent elastic performance of the
microstructure is obviously different, the influence of the different number of grid on the
equivalent elastic properties is small enough so that can be ignored, and the different
microstructure unit cell from the same periodic structure have the same equivalent elastic
properties.

Based on the modified SIMP interpolation model,with the goal of maximizing the one
or several of the weighted combination of the equivalent elastic matrix of the
microstructure, to the material's volume rate as the constraint, the optimal topology
configuration of material microstructure is achieved which has the maximum horizontal
axial rigidity, the maximum vertical axial rigidity, the maximum shear stiffness, the
maximum sum of horizontal and vertical modulus and the maximum bulk modulus. The
analysis result shows that for a simple optimization goal such as the maximum horizontal
axial rigidity, the maximum vertical axial rigidity, the maximum shear stiffness, the
maximum sum of horizontal and vertical modulus, the material's volume and the number
of grid has little influence on the optimal topology configuration and the equivalent elastic
matrix and the optimization value. And for a more complex optimization goal such as the
maximum bulk modulus, the material's volume and the number of grid has significantly



influence on the optimal topology configuration and the equivalent elastic matrix, but has
little influence on the optimization value. The optimal topology configuration and the
equivalent elastic matrix under different initial layout is obviously different, and the
difference of the optimization values is less obvious, Especially for this more complex
optimization goal such as the maximum bulk modulus, and all above that indicates the
initial layout has guidance function on the optimal topology configuration of material

microstructure and make the iteration process stable.
Finally, by preseting the target elastic matrix, with the goal of minimizing the weight

conbinatin of the square error of the optimized target and the preseted target, to the
material's volume rate as the constraint, the optimal topology configuration of material
microstructure is achieved which has extreme negative poisson's ratio. The analysis result
shows that the optimal topology configuration and the equivalent elastic matrix of the
different material's volume is obviously different, the difference of the optimization value
is less obvious, but the optimal topology configuration, the equivalent elastic matrix and
the optimization value all is less obvious. The initial layout has guidance function on the
optimal topology configuration of material microstructure and make the iteration process

stable.

Keywords: topology optimization; energy equalization method; material
microstructure; extreme elastic properties; extreme negative poisson’'s ratio;
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