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Mismatching Refinement with Domain Decomposition and
Its Application to the Finite Element Analysis
of the Extrusion Process

Keun Park and Dong-Yol Yang

Abstract

The rigid-plastic finite element analysis requires a large amount of computation time due to its non-
linearity. For economic computation, mismatching refinement, an efficient domain decomposition
method with different mesh density for each subdomain, is developed. A modified velocity alternating
scheme for the interface treatment is proposed in order to obtain good convergence and accuracy. As a
numerical example, the axisymmetric extrusion process is analyzed. The results are discussed for the
various velocity update schemes from the viewpoint of convergence and accuracy. The three-dimen-
sional extrusion process with rectangular section is analyzed in order to verify the effectiveness of the
proposed method. Comparing the results with those of the conventional method of full region analysis,
the accuracy and the computational efficiency of the proposed method are then discussed.
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Table1 Comparison of results for axisymmetric extrusion

Mesh Subdomain No. of Velocity Energy No. of Elapsed Speed—up
4 nodes error (%) error (%) iterations | time (sec) ratio
1 - 575 - - - 218.2 1.00
1 525
2 5 155 0.39 0.90 4 151.7 1.43
3 1 143 1.96 1.24 18 82.9 2.62
2 155
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Table2 Comparison of results for various length of
overlapped region

! (mm) 10.0 15.0 20.0

No. of iterations 18 12 10

Velocity error (%) 1.96 1.89 2.03

Elapsed time (sec) 82.9 62.2 49 4

Speed-up ratio 2.62 3.51 4.42
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Table3 Comparison of velocity components and error

measures

Reference point Mesh 1| Mesh 2 | Mesh 3
Velocity (mm/sec) | 158.64 | 160.62 | 160.61

! Error (%) - 1.24 1.24
Velocity (mm/sec) | 153.43 | 153.96 | 154.51

? Error (%) - 0.35 0.70
Velocity (mm/sec) | 135.94 | 133.41 | 134.10

’ Error (%) - 1.89 1.35
Velocity (mm/sec) | 145.57 | 144.73 | 144.97

Error (%) - 0.58 0.41

Energy error (%) - 0.69 0.91
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Table4 Comparison of problem size and performance

No. of | No.of | No.of |Elapsed time|Speed-up

Mesh | Subdomain ) . , .
nodes |elements |iterations| (hour : min)| ratio

1 - 2740 | 2148 - 37013 1.00

9 1 2220 | 1764 A 6 04 6.13

2 1186 | 776

1 11 512
8 1:53 19.76
’ 2 1186 | 776 °
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