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Formulation of the Contact Damping and its Application
to the Explicit Finite Element Method

Sang Wook Lee, Dong-Yol Yang and Wan Jin Chung

Abstract

In the recent sheet metal forming simulations, it increases to adopt the dynamic explicit method for
an effective computation and the elastoplastic formulation for stress recovery. It is inevitable in the
dynamic explicit method that some noises occur, which sometimes partly spoil results of simulations.
This phenomenon becomes severer when complicated contact conditions are included in simulations. In
commercial dynamic codes, the concept of contact damping is introduced. However, the formulation
process of it is not revealed well. In this paper, a contact damping method is formulated in order for
effectively suppressing noises occurring due to complicated contact conditions. This is checked by ana-
lyzing a simple sheet metal stamping process (U-draw bending). From the computational results, it is
shown that the contact damping can effectively control the noises due to contacts, especially when con-
sidering the sheet thickness, and help to develop more reliable internal stress states, which result in
more realistic deformed shapes after springback.
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Fig. 1 Schematic illustration for modeling of the contact
damping :
(a) Penetrated situation, ;
(b) One-degree-of-freedom vibration model
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Fig. 2 Consideration of the shell thickness :
(a) Contact interface model ;
(b) Ambiguous definition of thickness at contact node
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Fig. 3 Flow chart of the calculation procedure of the
dynamic explicit integration method
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Fig. 4 Schematic illustration of the U-draw bending process ®
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Table1 Process parameters used in the simulation of

the U-draw bending process

Process parameters Value/Condition

Max.punch stroke 70 mm

Punch velocity(in experiment)|Max. 0.1 m/sec(constant)

(in analysis) 5.0 m/sec(constant)

Blank holding force(total) 2.45 kN

Initial blank size 35 mm X 350 mm

Initial blank thickness 0.78 mm
Friction coefficient 0.144
Material:Mild steel

Young s modulus(E) 206 GPa
Poisson’ s ratio(v) 0.3
Lankford value(R) 1.77
Yield strength(d,) 173.1 MPa

Stress-strain curve & =565.32(0.007117 + £7)°*% MPa

Longitudinal stress

Stress relaxation

D

Process time / Punch travel

Fig. 5 Expected time history of the longitudinal stress of
an element during the U-draw bending process
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Fig. 8 Variations of the deformed shape after springback
with respect to {when neglecting the shell thickness
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Fig. 10 Variations of the distribution of the longitudinal stress
of an element with respect to {when considering the
shell thickness

Fig. 11 Variations of the deformed shape after springback
with respect to  when considering the shell thickness
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Table2 Comparison of the springback results obtained
when neglecting/considering the shell thickness
with the averaged results of the experiments

Items 8 (deg) | 0,(deg) | o(mm)
. £€=0.00 | 101.72 ] 79.29 | 191.46
Neglecting

Shell £=0.05 | 101.95| 79.16 | 189.13
Thickness

£=0.25 | 102.04 | 79.08 | 188.04

Lo £=0.00 | 93.60 84.82 | 690.80
Considering

Shell £=0.05 | 98.49 79.98 | 259.20
Thickness

£=0.25 | 99.88 79.20 | 214.26
Avg. of Experiments”’| 99.33 | 82.00 | 234.65

| [Spring Backl

: §1: Angle between O-X and A8
§2: Angle between A-B and E-F
[Curvature)

p * Delined by the radivs of a girgle through A, B and C
[Point]
A > 150om from 0-X
B : 35mm from point A
C : Middle point of the straigh
line A-8
b : End of Die's curve

E : 10nm from D
F : 40 mm from E

Fig. 12 Definition of the springback measures g,, 4, and 9 in
the U-draw bending process "
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