Mesh Quality Optimization 

A mathematically sophisticated theory of mesh quality metrics based on matrices and linear algebra has been devised that clarifies how to build objective functions which can be minimized via node-movement techniques in order to improve mesh quality [1].  Improved mesh quality supports automatic mesh generation, reduces analysis truncation error, and improves solution speed. 

Tests of the Jacobian matrix condition number as a shape optimizer for tetrahedral and hexahedral elements have been highly successful (see Figure 1). The condition number objective function contains a ‘barrier’ that prevents mesh folding, thus guaranteeing that a valid (non-inverted), high quality mesh is obtained [2]. 

Quality metrics are being developed and tested within the framework of the CUBIT mesh generation code which provides realistic test cases and difficult challenges.   To meet our strategic goals, we are designing a new mesh optimization software package called MESQUITE (Mesh Quality Improvement Toolkit) which will enable end-users to create high quality meshes without having first to acquire specialized knowledge of mesh optimization techniques.  

Recent work of Kober and Mueller-Hanneman illustrates the potential of our methods [3].  In a self-described ‘tour de force’, they succeeded in creating a high-quality hexahedral mesh for a geometry representing a human mandible.  The mesh condition number quality metric that resulted from our MICS research played a key role in their effort to produce a quality mesh. 
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Figure 1.   Poorly-shaped elements (blue)

have high mesh Condition Number metric.

