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Abstract

The fully automatic algorithm from initial finite element mesh generation to remeshing in two
dimensional geometry is introduced using bubble packing method (BPM) for finite element analysis.
BPM determines the node placement by force-balancing configuration of bubbles and the triangular
meshes are made by Delaunay triangulation with advancing front concept. In BPM, we suggest two
node-search algorithms and the adaptive/recursive bubble controls to search the optimal nodal position.
To use the automatically generated mesh information in FEA, the new enhanced bandwidth
minimization scheme with high efficiency in CPU time is developed. In the remeshing stage, the mesh
refinement is incorporated by the control of bubble size using two parameters. And Superconvergent
Patch Recovery (SPR) technique is used for error estimation. To verify the capability of this algorithm,
we consider two elasticity problems, one is the bending problem of short cantilever beam and the
tension problem of infinite plate with hole. The numerical results indicate that the algorithm by BPM
is able to refine the mesh based on a posteriori error and control the mesh size easily by two
parameters.
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Table 1 Comparison of CPU time
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2ds | aas
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Model 3| 593 1104 3.080 | 0.425 |534—52
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Fig. 16 Meshes generated by uniform refinement in
bending problem
Table 2 Numbers of nodes and elements of
uniform refinement in bending problem

Mesh-1 | Mesh-2 | Mesh-3 | Mesh-4
A A 75 263 975 3749
QAT 122 474 1848 7296

{a) Mesh-1 (b) Mesh-2

(c) Mesh-3
Fig. 17 Error( {|e.||;) distribution of uniformly

(d) Mesh-4

refined meshes in bending problem
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Fig. 18 Meshes generated by adaptive refinement in
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Table 3 Numbers of nodes and elements of
adaptive refinement in bending problem
g=1 ( M-r(N1)-(N2) , M : Mesh,

N1 : 77..(%), N2 : remeshing order)

e |das|sar| wa [Ad5[ess
M-r10-1 338 598 M-r10-2 533 953
M-r10-3 655 1161 | M-r10-4 755 1321
M-r9-1 412 735 M-r9-2 650 1176
M-r9-3 795 1429 M-r8-1 465 830
M-r8-2 788 1440 M-r8-3 939 1703
M-r7-1 551 994 M-r7-2 989 1830
M-r6-1 667 1215 M-r6-2 1408 | 2651
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Fig. 19 Convergence rates of relative
error(%) in bending problem
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Table 4 Numbers of nodes and elements of
uniform refinement in tension problem

Mesh-1 Mesh-2 Mesh-3
s B R 292 601 2304
[AaF 528 1122 4450

(a) Mesh-1 (b) Mesh-2

(c) Mesh-3
Fig. 22 Error( |le.||,) distribution of uniformly

refined meshes in tension problem
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Fig. 23 Meshes generated by adaptive refinement in tension problem
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