
Combining free material and topology optimization for modular
design based on the concept of Wang tiles

Marek Tyburec†, Martin Doškář†,∗, Martin Kruž́ık†, and Jan Zeman†

† Faculty of Civil Engineering
Czech Technical University in Prague

Thákurova 2077/7, 160 00 Prague 6, Czec Republic
e-mail: {marek.tyburec, martin.doskar, kruzik, jan.zeman}@fsv.cvut.cz

Key Words: modular topology optimization, free material optimization, stiffness clustering,
Wang tiling

ABSTRACT

Although multiscale and microstructural topology optimization techniques seem to reach a ma-
ture state of development, challenges related to enforcing continuity and manufacturability in the
multiscale design are still a subject of vivid research. In our work, we contribute to this topic by
introducing a modular topology optimization scheme that balances the performance of a detailed
single-scale design and the efficiency of a periodic unit cell. We build on our previous work [1],
which combines (i) a convex second-order conic programming for the optimization of truss modules
and (ii) a genetic algorithm for the optimization of assembly plans. Here, we replace the natural
concurrent bi-level approach of combined meta-heuristics and truss topology optimization with a
staggered approach and standard continuum topology optimization.

First, we run Free Material Optimization for a macroscopic domain discretized such that the finite
elements correspond in shape and distribution to edge regions of the resulting modules, i.e. the
whole domain is divided into a regular grid of square modules which are then subdivided into four
triangular elements and, finally, two congruent triangles corresponding to the same edge are merged
together. The optimized material stiffness tensors of these edge regions are then clustered using
the k-means algorithm to identify a lower-dimensional set of edge codes. Based on these codes, we
define individual modules using the formalism of Wang tiling—the abstract concept formerly used
in computational mechanics for modelling of stochastic microstructures, e.g., [2]—in which each
module is directly determined via four edge codes. Finally, standard topology optimization based
on the Solid Isotropic Material with Penalization method is performed having the modularity
incorporated in the definition of design variables. We illustrate the presented formulation with
selected two-dimensional problems.

Acknowledgement The authors gratefully acknowledge the financial support of the Czech Sci-
ence Foundation, through the project No. 19-26143X.

REFERENCES
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