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A Comparative Study of the Incompressibility Constraint
on the Rigid Plastic Finite Element Method

Sang-Jae Lee, Jong-Rae Cho and Won-Byong Bae

Abstract

The governing functional in plastic deformation has to satisfy the incompressibility constraint. This
incompressibility constraint imposed on velocity fields can be removed by introducing either Lagrange
multiplier or the penalty constant into the functional. In this study, two-dimensional rigid plastic FEM
programs using these schemes were developed. These two programs and DEFORM were applied in a
cylinder upsetting and a closed die forging to compare the values of load, local mean stress and volume
loss. As the results, the program using Lagrange multiplier obtained a more exact and stable solution,
but it took more computational time than the program using the penalty constant. Therefore, accord-
ing to user’s need, one of these two programs can be chosen to simulate a metal forming processes.

Key Words : Rigid-Plastic Finite Element Method, Incompressibility Constraint, Lagrange Multiplier,
Penalty Constant, Forging
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Fig. 1 Initial mesh in cylinder upsetting
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Table 1 Process conditions for FEM analysis of cylinder upsetting

workpiece material Al2024,ANSH1015
flow stress 0 = 293.853 <" ** (MPa), 5 = 766.0464 ="' (MPa)
incremental
process definition isothermal

axisymmetric

iteration controls

Newton-Raphson

penalty constant

10°, 10° 10% 10"

die control punch speed 2 (mm/sec)
friction condition m=0.15, m=0.7
. . . step size 0.05, 0.01
simulation condition
total mesh number 99
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(a) In case of penalty function

(b) In case of Lagrange multiplier

Fig. 2 Deformed mesh at 80% height reduction
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Fig. 12 The comparison of volume loss versus height reduc-
tion for various methods (ANSI1015, m=0.15, 0.7)
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Table 2 Process conditions for FEM analysis of closed die forging

workpiece material ANSIT015
flow stress 5 = 766.0464 &'* (MPa)

incremental

Process definition isothermal

axisymmetric

iteration controls

Newton-Raphson

penalty constant

10°, 5%10°, 10°, 107

die control punch speed 2(mm/sec)
friction condition m=0.3
. . . step size 0.5
simulation condition
total mesh number 882
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no. | o,(MPa)
1 -3000
2 -2800
3 ~2600
4 -2400
5 -2200
6 -2000
7 -1800
8 -1600
9 -1400
10 -1200
1 -1000
12 -800
13 -600
14 -400
15 -200
16 -100
no. | o,(MPa)
1 -3000
2 -2800
3 -2600
4 ~2400
5 ~2200
6 -2000
7 -1800
8 -1600
9 -1400
10 -1200
1 -1000
12 -800
13 -600
14 -400
15 -200
16 -100
no. | d,(MPa)
1 -3000
2 -2800
3 -2600
4 —2400
5 -2200
6 -2000
¥i -1800
8 -1600
9 -1400
10 -1200
1 -1000
12 -800
13 —600
14 —400
15 -200
16 -100

(d) Lagrange Method

Fig. 18 The distribution of mean stress at die stroke 47mm
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