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Feasibility of new FE formulations within topology optimization
Master of Science project

Abstract
The M.Sc. project aims at studying different finite element formulations to solve checkerboard
patters in optimized designs, a long-standing problem in topology optimization. The candidate will
review different finite element formulations and proceed to their implementation in Hybrida, a new
finite element package being developed within the Structural Optimization and Mechanics (SOM)
group.

Introduction Topology optimization is a computational approach by which a system or structure is
optimized with respect to a given objective function. It is a very active area of research for its tight ties
with the industry. This project aims at investigating the checkerboard problem, an issue that arises in
topology optimization due to the use of low order finite element (FE) interpolations. Figure 1 shows a
beam that is being optimized and a resulting design that shows this checkerboard pattern. The candidate
will investigate alternative FE formulations that could be used to solve this longstanding problem.

Figure 1: Design problem and checkerboard pattern, taken from [1]

Tasks i) Conduct a thorough literature review on the different finite element methodologies that are
used within topology optimization and survey those that have a checkerboard problem. ii) Investigate
new formulations, some of which will be proposed by the advisors. iii) Proceed to the implementation
of the new formulations within Hybrida, a new finite element library that is being developed within
the Structural Optimization and Mechanics (SOM) group. iv) Test if the new formulations solve the
checkerboard problem, and provide a thorough analysis about under which conditions this is possible.
v) The conceptualization of more challenging problems. vi) Presentation of results and the preparation of
a report that could potentially lead to a peer-reviewed journal publication.
Requirements The student should have modeling experience and basic knowledge of finite element
analysis. Knowledge of topology optimization is a plus, and programming experience with the Python
language is recommended.
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