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Abstract 
 
Two contemporary research challenges are relevant to structural design: automation and 
sustainability. In this contribution, we address both by considering the optimal design of 
structures containing a limited number of repeating patterns (modules). The proposed 
modular-topology optimization framework, introduced in the talk, involves: 

1. The design of module topologies. 
2. Encoding admissible module connections. 
3. The placement of modules at the structural scale. 

In our initial work on this topic [1], we optimized compliance of modular trusses via a 
concurrent method based on meta-heuristics (operating at the module scale) and a conic 
program (generating optimal module topologies). Following [2], we present a computationally 
more attractive sequential strategy applicable to non-convex module design problems, 
including continuum topology optimization of reusable structures and compliant mechanisms. 
Our strategy starts with a solution to the free-material optimization problem at the product 
scale, which we enhance to suppress emerging checkerboard patterns. Subsequently, we 
develop a novel deterministic clustering algorithm to partition the optimized elasticity tensors 
into a specified number of clusters while maintaining symmetries in the dataset. Utilizing the 
Wang tiling formalism [3], we subsequently convert the clusters to efficient assembly plans 
with a tunable number of module interfaces. Finally, we optimize the modules with single-scale 
topology optimization, reducing design space due to modularity. 
We demonstrate the efficacy of the proposed method with three two-dimensional benchmarks 
of topology optimization. Besides the classical Messerschmitt-Bölkow-Blohm beam, we 
present, for the first time to the best of our knowledge, optimized modular designs of an 
inverter and a gripper. We complement these examples with the fourth one, which combines a 
gripper and an inverter, illustrating the reusability of the optimized modules. We compare the 
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performance of the optimized modular structures against uni-modular and non-modular 
designs, thereby quantifying performance gains and losses induced by modularity. 
 
These results follow from joint work with Marek Tyburec, Martin Doškář, and Martin Kružík. 
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