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Fig.5 Macro-material layout with the SIMP model (p = 1)
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Fig.9 Compliance variation versus m
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INTEGRATED DESIGN OF POROUS MATERIALS AND STRUCTURES
WITH SCALE-COUPLED EFFECT "

Zhang Weihong?  Sun Shiping
(The Key Laboratory of Contemporary Design & Integrated Manufacturing Technology,
Northwestern Polytechnical University, Xi’an 710072, China)

Abstract It is known that structural behaviors of cellular solids are dictated by the topology of the dense
and porous regions, with a complex arrangement of microstructures of different sizes and topologies. In this
paper, an integrated design methodology using Representative Volume Element(RVE) scale is proposed for the
global stiffness maximization of the overall structure and the local design of Representative Volume Element
based on multi-scale computing. Influences of Representative Volume Element aspect ratio, scale, and periodic
arrangement style such as translation, symmetric pattern on the optimal design are investigated using the
super-element method. By means of the dual optimization scheme and perimeter constraint, Representative
Volume Elements are efficiently optimized with checkerboards being eliminated. Numerical results show that
the proposed method can be used in the design of porous materials such as honeycomb panels and hierarchical
cellular sandwich panels and the hierarchical cellular materials scale effects are well represented. This provides

an innovative design concept for the lightweight structures.

Key words scale effect, porous materials, topology optimization, materials design, homogenization method,

representative volume element
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