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Analysis of wrinkling formation of anisotropic sheet metal

Young-Jin Son* , Kee-Cheul Park** Young-Suk Kim***
*Graduate School, Kyungpook National University
x*POSCO Technical Research Lab.

*+Dept. of Mech. Eng., Kyungpook National University

Abstract

An analysis for the prediction of wrinkling formation in curved sheets during metal
forming is presented. We construct "Wrinkling Limit Diagram”(WLD) which represent the
combinations of the critical principal stresses for wrinkling formation in curved sheet
elements subjected to biaxial plane stress. Here the scheme of plastic bifurcation theory
for thin shells based on the Donnell-Mushtari-Vlasov shell theory is used.

In this study, the effects of the material variables (yield stress, plastic hardening
coefficient, plastic anisotropic parameter, and so on) and sheet geometry on the critical
conditions for wrinkling is carried out numerically.

Key words : wrinkling limit diagram, plastic bifurcation theory, normal anisotropy
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Table.l1 Mechanical properties of tested

- 12)
materials'

M

t E s TS R n
(wm) | (GPa) | (MPa) | (MPa) | sy | 10-20%

Mat,

5182-0 | 0.88 | 66.1 137 280 | 0.69 0.29

DDA 0.88 200 169 291 1.81 0.22

CHSP35E | 0,88 200 220 372 | 1.36 0.19

5182-0 : Al-Mg Alloy

DDQ : Deep Drawing Quality of sheet
CHSP35E : Cold-rolled High Strength

steel Plate

Fig.1 Geometry and loading of
curved sheet element

Fig.2 Short-wavelength wrinkling mode for
sheet element

Blank

Holder | [Purch]

Fig.3 Scheme of geometric shape
of deep-drawing process

71 = initial blank radius
7y = current blank radius

79 = radius at die lip
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Fig.4 Critical stress state for various
constant @
(t=0.88, R=1.36, n=0.19, oy=220)
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Fig.5 Critical stress state for various
hardening #
(¢=0.88, e=6, R=1.36, ay=220)

Fig.6 Critical stress state for various

vield stress oy

(¢=0.88, a=6, R=1.36, n=0.19)
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Fig.7 Critical stress state for various
anisotrpic parameter R
(¢=0.88, a=6, n=0.19, a,=220)
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Fig.8 Critical stress state for various
sheet thickness ¢
(a=6, R=1.36. n=0.19, ay=220)
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Fig.9 Comparison of critical drawing stress
between simulation and experiment

obtained from Ref.[11] where
-—0.79

e=150+500 € ", R,=72.1, Ry=17.0, t=0.8

Fig.10 Critical stress state for various
materials (+=0.88, a=6, R=1.36)



