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Computational Efficiency of 3-D Contact Analysis by Domain/Boundary
Decomposition Formulation
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Abstract

A domain/boundary decomposition technique is applied to carry out efficient finite element analyses of 3-D contact problems.
Appropriate penalty functions are selected for connecting an interface and contact interfaces with neighboring subdomains that
satisfy continuity constraints. As a consequence, all the effective stiffness matrices have positive definiteness, and computational
efficiency can be improved to a considerable degree. If necessary, any complex-shaped 3-D domain can be divided into several
simple-shaped subdomains without considering the conformity of meshes along the interface. With a set of numerical examples, the
basic characteristics of computational efficiency are investigated carefully.
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Fig. 2 An example of subdomain, interface, and
contact interface
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Table 3. FLOPs results for simple rectangular parallelepiped model (Q":Q@=5:5)

ProIbDIem QIT,/T,| Nodes |Elements h;ad;s r:;d;s B%?ntdzcrt Size of Matrix |No. of Calculati'ons Tot'al QFITUPsf
: ' 8 Y| D.0.F |H.B.W |Deconp. | Substi. Deconp. Subst i Total Percent .
0 | 445,501| 400,000 il A | 1,396,533 3,372 | 13,333 15, 167 160, 004 195,171]  0.084
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o' | 223, 31| 20,000 100] L1 A 659,933 3,372 1 16, 666 7,590 112,540 120,229 0.040
Q@ | 223,31| 200,000 1,111 IE B69,333| 3,372 | 13,333 7,590 90,113 97,703|  0.032
s 1,101 1,000 3,333 | 13,333 12 222 234/ 0.000
™ | Lm| 1o o 3,333 T | e | e
L, 10| 1,000 3,333 20,001 30,000 248, 852 500 247,352
Total | 448,844 402,000 — | — — — - — — 262, 043 203, 475 465,518
o | zz3,3n| am,0000 1,10] Lt A 669,933 3.372 i 16,666 7,590 112,540 120,229
0@ | 223,311| 200,000] 1,111 o x 569,933| 3,372 i 13,333 7,500 90,113 97,703
v-v-u| T, 1,111 1,000 3,333 20,001 30,000 246, 652 500 247,352
T 10| 1,000 o 3,333 20,001] 66,693,333 246,852  1.111,222] 1,358,074
Total | 448,844 402,000 — | — — — — — — 508,883 1,314,475| 1,823,358 0.600
o' | 223,31| 2o0,000] 1,111 O 869,033 3,372| 20.001| 66,693,333 151,790,334| 450,757,018 602,596,352 198,368
oy 27| 23.311] 200.000] 1,111 X £59,933| 3,372 i 13,333 7,500 90,113 97,703{  0.032
T, 1,111 1,000 3,333 20,001 30,000 245, 852 500 247,352 0.081
Total | 447,733 401,000 — | — — — — — — 152,053, 775 450,847,631| 602,901, 40

Fig. 3 Simple rectangular parallelepiped model
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Fig. 8 Finite element model for multi-pin joints
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