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An Effective Mesh Smoothing Technique for the Mesh
Constructed by the Mesh Compression Technique

J. T. Hong, S. R. Lee and D. Y. Yang

Abstract

In the rigid-plastic finite element simulation of hot forging processes using hexahedral mesh, remeshing of a flash is
important for design and control of the process to obtain desirable defect-free products. The mesh compression method
is a remeshing technique which enables the construction of an effective hexahedral mesh in the flash. However,
because the mesh is distorted during the compression procedure of the mesh compression method, when it is used in
resuming the analysis, it causes discretization error and decreases the conversance rate. Therefore, mesh smoothing is
necessary to improve the mesh quality. In this study, several geometric mesh smoothing techniques and optimization
techniques are introduced and modified to improve mesh quality. Then, the most adaptive technique is recommended
for the mesh compression method.
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Table 2 Distribution of shape quality (rib-web)

Shape Q Org Iso Lap Ang Smo

Q<01 1 0 0 0 0

Q<02 1 0 1 1 0

Q<03 0 0 0 0 0

Q<04 4 0 0 0 0

Q<05 1 1 3 3 0

Q<06 4 4 2 2 0

Q<07 6 6 12 12 3

Q<08 22 20 31 31 13

Q<09 52 38 72 72 32 )

0<10 07 o - - 50 (e) Angle-based smoothing (f) Smoothness smoothing
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Table 3 Distribution of dihedrals (socket)

Dih Org Iso Lap Ang Sm
0

Dih<0.0 0 0 2 i 0
Dih<0.1 0 0 1 0 0
Dih<0.2 0 0 1 2 0
Dih<0.3 3 3 0 0 0
Dih<0.4 4 4 0 4 1
Dih<0.5 14 14 1 23 0
Dih<0.6 19 19 10 27 8
Dih<0.7 25 25 19 31 7
Dih<0.8 43 43 30 63 21
Dih<0.9 87 87 32 116 43
Dih<1.0 359 359 458 287 474

Table 4 Distribution of shape quality (socket)

Shape Org Iso Lap Ang Smo
Q
Q<0.1 1 0 0 0 0
Q<02 1 0 0 0 0
Q<03 0 2 0 0 0
Q<04 2 1 3 3 1
Q<05 3 4 8 8 0
Q<0.6 5 4 16 16 0
Q<07 27 22 40 40 27
Q<0.8 58 49 63 63 28
Q<09 150 131 204 204 162
Q<1.0 307 341 220 220 336
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Fig. 8 Remeshing with mesh compression method
(cross-shaft : 1/8 due to symmetry)

Table 5 Distribution of dihedrals (cross-shaft)

Dihedrals Org Iso Lap Smo
Dih < 0.0 0 0 0 0
Dih < 0.1 2 1 2 0
Dih <0.2 1 1 0 0
Dih < 0.3 7 2 3 1
Dih < 0.4 16 20 24 4
Dih<0.5 38 41 20 22
Dih < 0.6 64 93 97 67
Dih <0.7 160 189 190 169
Dih < 0.8 263 301 279 285
Dih < 0.9 536 542 553 533
Dih< 1.0 1773 1670 1692 1779
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Table 6 Distribution of shape quality (cross-shaft)

Shape Q Org Iso Lap Smo
Q<0.1 1 0 1

Q<02 0 1 1

Q<03 6 4 3

Q<04 11 6 6 10
Q<05 14 38 17 14
Q<06 86 91 76 37
Q<0.7 263 269 284 198
Q<08 657 710 676 774
Q<09 987 900 953 1021
Q<10 835 841 843 806
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Fig. 9 Remeshing with mesh compression method
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Table 7 Distribution of dihedrals (piston)

Dihedrals Org Iso Lap Smo
Dih < 0.0 0 1 0 0
Dih < 0.1 0 2 1 0
Dih < 0.2 2 3 1
Dih < 0.3 4 4 5 0
Dih < 0.4 5 10 9 6
Dih <0.5 15 20 14 9
Dih < 0.6 25 48 39 24
Dih < 0.7 75 107 92 94
Dih <0.8 147 231 225 165
Dih<0.9 344 372 381 391
Dih < 1.0 2018 1838 1866 1945
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Table 8 Distribution of shape quality (piston)

Shape Q Org Iso Lap Smo
Q<01 0 3 1 0
Q<02 0 1 0 0
Q<03 0 1 1 0
Q<04 1 2 2 0
Q<05 9 12 13 2
Q<06 27 40 25 21
Q<07 155 197 155 132
Q<08 435 500 495 477
Q<09 787 667 712 803
Q<10 1221 1212 1231 1200
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