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Techniques of Automatic Finite Element Mesh Generation
on Surface Primitives

Jae Young Lee*

ABSTRACT

Complex geometric shapes can be defined simply and efficiently by combining and operating
various surface primitives. These primitives and their intersection curves are used in finite element
mesh generation to form an easy and intuitive procedure for finite element modelling of curved
surfaces. This paper proposes techniques of automatic mesh generation on surface primitives with
arbitrarily shaped boundaries and control curves, which may be created by surface to surface in-
tersection. A method of automatic mesh generation on plane, which was previously developed by
the author, has been modified for application to the surface mesh generation. Owing to the mesh
generation-wise differences between planes and surfaces, the surfaces should be transformed into
conceptual plane so that the modified plane mesh generation method can be applied. Surface de-
velopment, mapping and mesh reconstruction are the key techniques suggested in this paper. The
selection of the technique to apply can be determined automatically on the basis of the de-
velopability, existence of singularity and other characteristics of the surfaces on which the mesh is
to be generated. The suggested techniques were implemented into parts of mesh generation func-
tions of the finite element software, MacTran. Their validity and practicality were manifested by
the actual use of this software.

Key words : Automatic mesh generation, Finite element analysis, Finite element preprocessing,
Surface resh
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Fig. 1. An example of mesh generation on surface primitives bounded by their intersection and bounding curves.
(a) Creation of primitive surfaces (b) Curves constructed by intersection of surface primitives. (¢) Poinis con-
structed by intersection of curves. {d) Segmentation of control curves. (e)(f){g) Mesh generation on surface prim-
itives bounded by control curves. (h) Completed meshes.
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Fig. 2. Step-by-step procedure of the mesh generation on a planar domain.
(a) Bounding curves and control curves defined over the domain. (b) Construction of super loops. (¢) — (k) Re-
cursive subdivision of the demain. (i} Completely generated mesh.
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Fig. 4. Development of surface Primitives.
(a) Actual shape of the surface. (b} Developed
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velopment.
(a) (b} A case in which the dividing curve can
be made without crossing cavities or oontrol
CUrves.
{€) (d) A case in which the dividing curve
crosses cavities or control curves.
(¢) (f) A case in which the dividing curve is
made along a control curve in axial direction.
{2) (h) A case in which the dividing curve is
made along a control curve in radial direction.
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(b) A case in which the surface is developed along a control curve.
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Fig. 9. A mesh generated with calibration of the aciwal distances in the cartesian coordinate space.
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(a) Closed surface.
(b} (d) A case in which the dividing curve cros-
ses cavities.
(c) (e) A case in which the dividing curve does
not cross cavities.
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Fig. 11. Rotation of the parametric space.
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Fig. 12, Mapping with a plane.
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Fig. 13. An example of mesh generated by mapping
with the projection plane.
(a) The surface and the control curves with a
dividing curve.
(b) Control curves and dividing curve on the
plane mapped with the surface.
(c) Mesh generated on the mapped plane.
(d) Mesh transformed into the original space.
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Fig. 14. Division of the surface for initial mesh generation.
{a) Division of a sphere. (b) Division of a torus.
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Fig. 15. An example of a mesh generated by remeshing
on the part sustounding control curves.
(a) Initially generated mesh. Marking of the ele-
ments for removal.
(b) Removal of the marked clements,
{c} Regeneration of meshes summounding con-
tral curves.
{d) Completed mesh after smoothing.
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Fig. 16. An example of automatic mesh generation on primitive surfaces,
(a) Methods of mesh generation automatically selected in accordance with the type and the size of the surfaces.

{b) The completed mesh.
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