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Abstract

Functional structure, i.e., native base structure equipped with thin—layer functional devices
on its surface, is important in many engineering applications. The performance of such a
functional structure is seriously affected by the configuration of the base structure and the
surface functional devices, and the optimization of configuration is a simultaneous topology
optimization of the boundaries that belong to different types. In the present study, load cell is
taken as an example of the functional structure, and strain gauge is taken as an example of the
functional device. The task of designing a load cell is accomplished by solving a multi-objective
topology optimization problem whose objective makes a compromise between stiffness and
flexibility of the base structure. The design variables include two types of boundaries: functional
boundary where a strain gauge is installed, the free boundary where there does not exist any
connection to the environment. The optimization problem is solved by using a level set based
multiple-type boundary method. Two level set functions are used to represent a functional
structure and the two types of boundaries. Evolution of the two boundaries is modeled by
two independent Hamilton—Jacobi equations. Re-meshing is conducted in each iteration of
optimization. Quadrilateral body—fitted mesh is used for the finite element analysis, and the

artificial weak material is not used. Numerical examples in two dimensions are investigated.
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