Structural Efficiency of Multi-scale Topology Optimization of cellular
materials using Bi-directional Evolutionary Structural Optimization

Tainan K. L. Calixto*, Renato Pavanellot

’ Department of Computational Mechanics, Facultilethanical Engineering, University of Campinas,
Rua Mendeleyev 200, 13083-860, Campinas, Brazil
tainankhalil@gmail.com

" Department of Computational Mechanics, Facultilethanical Engineering, University of Campinas,
Rua Mendeleyev 200, 13083-860, Campinas, Brazil
pava@fem.unicamp.com

ABSTRACT

Topology Optimization is a very active field of eesch and development with a large number of imidlist
applications. One important application is the dement of new materials at the microstructure. Bue
the heterogeneous medium present in many engilgeeniterials, an analysis of the microstructure
features is necessary to improve the design of-paformance structures. In this paper, it is psmobto
apply the Evolutionary technique to design newutatl materials using Topology Optimization in the
periodic micro-scale domain. In cellular materidtg microstructure has only one material (and sjoid
The structural efficiency of multi-scale problemancbe defined as the objective functions ratiotfar
optimized micro-structures and the reduced maarasire.

Using the homogenization theory, the material desigsumes that the macrostructure material is mfaide
periodic base cells. The macroscopic propertiegb@heterogeneous material are homogenized, aogordi
to the micro-scale topology. This work presentsapproach of the Bi-directional Evolutionary Strueiu
Optimization (BESO) method for designing microstues of cellular materials. The objective functisn
to minimize the mean compliance of structures omiaximize the natural frequency of the dynamic
response for predefined macro-scale problems.

Numerical examples are presented to validate tieetefeness of the algorithm. The influence of tinesh
refinement and the initial design in the final taygy of the microstructure are discussed. Finalhys
article presents results of the design algorithncdlular materials and evaluates the structuifadiency
of optimized micro-structures for different macrogic boundary conditions.
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