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Abstract

The paper presents a Bézier triangle based isogeometric shape optimization method.
Bézier triangles are used to represent both the geometry and physical fields. For a
given physical domain defined by B-spline boundary, a coarse Bézier triangular pa-
rameterization is automatically generated. This coarse mesh is used to maintain
parameterization quality and move mesh by solving a pseudo linear elasticity prob-
lem. Then a fine mesh for isogeometric analysis is generated from the coarse mesh
through degree elevation and refinement. As the fine mesh retains the same geomet-
ric map as the coarse mesh, we can guarantee mesh validity with the coarse mesh
only. This bi-level mesh allows us to achieve high numerical accuracy of isogeo-
metric analysis and lower computational cost on mesh validity control and mesh
movement. Due to the use of B-spline boundary, the optimized shape can be com-
pactly represented with a relatively small number of optimization variables. Due to
the use Bézier triangles, this shape optimization method is applicable to structures
of complex topology and allows for local refinement for analysis. By representing
the squared distance between two Bézier curves as a Bézier form, a distance check
scheme is also introduced to prevent intersections of design boundaries and control
the thickness of structural conmections. Numerical examples on minimal compli-
ance design and design of negative Poisson ratios are presented to demonstrate the
efficacy of the proposed method.

Keywords Isogeometric analysis, Bézier triangles, Jacobian ordinates, Distance con-
straints, Coarse and fine mesh, Material design, Negative Poisson's ratio

1 Introduction

Shape optimization is a classic discipline that seeks to find optimal shape to improve
structural performances under certain physical constraints [1, 2, 3]. Both moving mesh
[4, 5] and fixed grid based shape optimization methods [6, 7] have been proposed. The
goal of this paper is to present a Bézier triangle based isogeometric shape optimization
method.

*An earlier version of this paper appeared in 2016 ASME International Design Engineering Technical
Conferences.
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