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Rigid-Plastic FE Modeling of Frictional Contact
Problems based on a Penalty Method

D. H. Jang and B. B. Hwang

Abstract

This paper presents a rigid-plastic finite element method to handle the frictional contact problem

between two deformable bodies experiencing large deformation. The variational formulation combined with

incremental quasi-static model is employed for treating the contact boundary condition. The frictional

behavior of the model obeys Coulomb’s law of friction. The proposed contact algorithms are classified

into two categories, one for searching contacting nodes and the other for calculating contact forces at the

contact surface. A slave node and master contact segment are defined using the geometric condition of

finte clements on the contact interface. The penalty parameter is used to limit the penetration between

contacting bodies, and the finite elements arc coupled with contact boundary elements.

Key Words : Contact Problem, Finite Element Mcthod, Penalty Method, Contact Searching
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Table 1 Material parameters for simulation

AISI 1010|AISI 1035

Strength Coefficient(K) 7298 9197
Work-hardening Exponent(n)| 022 0.17
Strain Range 0.1-0.7
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(a) Double action pressing with two spheres(unit:mm)

(b) Single action pressing with a sphere(unit:nm)

Fig. 5 Schematic configuration for test run( 1)
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(a) 36.13% reduction in height

(b) 51.79% reduction in height

Fig. 6 Deformation patterns and effective strain rate
with proposed program at each reduction in
height; Simulation results by double(left) and
single action pressing(right), respectively
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Fig. 7 Velocity contour and vector plots with proposed
program at each reduction in height; Simulation
results by double action pressing
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(a) 25.8% reduction in height

(b) 66.3% reduction in height

Fig. 9 Deformation patterns and distribution of effective
strain rate with virtual rigid body(top) and
die(bottom) at each reduction in height( zz=0.1)

& 15" s 13 £y @l BdetA T
&3l BAHY 2318 TEAFIYL o)9} o e =
3 wES FAga PgEe W AUHS o)lsEES
& o] wliEel HEY AR &Ry upAgAzA
A A HLE 5 Y= FYo] Y™
BomRo A Aoty ZRoge) HEE A njay
A vlaeh: B O )FoR olle A
el FEadel da) 2088 slelv) Fig 8
olgh 7re WHEE wius) sjeje] Kol gel) AL§H
a@e 4 WA 27 AxE vE Aoth 1
ol Jehd RA8] e @4k se spate] )
2 445t i %}‘v”%f)ﬂ °IoH Az FEu HE

ol Thgel A
S WA ) s hﬁw 0T 2 gE ASael 4

40 /sr= M08 EER/A 1249 Al1E, 2003

e
"

(a) 38.5% reduction in height

(b) 56.9% reduction in height

Fig. 10 Velocity contour and vector plots by virtual
rigid body(top) and die(bottom) at each
reduction in height( ;2=0.1)
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