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Abstract

Most failures of ductile materials in metal forming processes occurred due to material damage
evolution - void nucleation, growth and coalescence. In this paper, the modified yield function of Liao
et al in conjunction with the Hosford's yield criterion is studied to clarify the plastic deformation
characteristic of voided anisotropic sheet metals. The void growth of an anisotropic sheet under biaxial
tensile loading and damage effect of void growth on forming limits of sheet metals are investigated.
Also the characteristic length defining the neck geometry is introduced in M-K model to incorporate
the effect of triaxial stress in necked region on forming limits. The forming limits theoretically
predicted are compared with experimental data. Satisfactory agreement was obtained between the

predictions and experimental data.
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Fig. 1 Schematic view for sheet metal having a hetero-
geneous distribution of voids in addition to
initial thickness imperfection
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Table 1 Mechanical properties of rimmed steel

. thickness n R m
Material
[mm] value | value | value
rimmed
1.00 0.21 1.37 0.01
steel
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Fig. 2 Varations of the void growth rate with the
current void volume fraction C, for different

deformation mode
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Fig. 3 Comparison between the predicted and

experimental FLDs for rimmed steel sheet
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Fig. 4 Effect of initial geometric imperfection on
the analytical FLDs
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Fig. 5 Effect of initial void volume fraction on the
analytical FLDs
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Fig. 6 Effect of internal length defining the length
of the neck on the analytical FLDs

Ao A¥EgA WHEEY JFUtEG Foh
a=2% ol FBAF AL wFYAe=E ¥
& FANYEE 2 FA ¥ 7eE 2 AW
3 &g vlola} FEAFY AMEY AL F olF
AFAEle] AFIAE Aoz uyr} EF
FE ALE 5 o)F Wy AHd B JFIS
oA FE X$7t ARAFE G olF T BH
AMel Y AL Woldh
Fig. 52 AYPIAT 29 27 71889 9%
Ueld Aoz HHEWY FHo A¢ 2
njuj sl Sol& BW‘?&EJ AL w2 7|FES
NB5E JYPAE FA3] BAAUL. F, 7
T 9IS J_E%E}Zl 2L durd MKED9
3¢ $o1E dFAGEHdME APIAE HoiH
798 A, J1Fe] 4FE nFd ELEHE
MKZdo] HLL g ojd Bdad Y
£ AAY & ok =%, FHAY Ao Wy
AE2E 71F AFol Audez FL wst o
ok =d, ol Fig. 2014 =ojgulet o] 4
A WEEY 2AFL zZhze HPFE A
71889 F71&d) 9EFE oujditt

Fig. 6 99 Z& A3t IA Hold 4%
£ Yeld Aoz JPFA=E TF Lol 2
7)ol wetd FFe dELS vedd 34 F
ol7t I=1.0mmANA [=0.5mm= ZA3A &
AstdAE AFFAL 433 Sk A ()

mlo

J

N, O



1144

re,
o,
r
Ho
oft

06
f0=0.996, I=1.0mm
[ Cyag=0.001, Cypo=0.0015
05 |-n=0.21, m=0.01, R=1.37
L a=
- 04
w
=
‘s
£ 03
e
(=]
‘T
= 02
0.1
oob——t v b b1

0.0 0.1 02 03 0.4 0.5 0.6
Minor strain €,

Fig. 7 Effect of sheet thickness on the analyticél
FLDs

ol T4 dol7t gadw ¥ MAHE FHist

3, 2 (OZHE Hd FEH o 4999 3%
89 %oz F/HEY F, 358548 L S5
o] AAZE AAA7I=H 71045}01 wA e Ay
AS FANAG. o] ARy 9 F4s A
dgate 33 Aol zIATATAHE HIIA
o FEE 2] A E HE T8 HFE
A AHEE g e Aoz FEALS F U

=
Aol A Xﬂi% FA4 dol& MKEHo|
HIAE oA @A FA o

Fg gy ?E 2=t Fig. 70) A¥PAE A&
o #A ¢ %771] BEFL JeEdo. &, ¥A9 F
7t SEE AYstAe bdA 22 5 7tst

=

at=0.5mme F7 F7F BAEIA=
QF 0.027hA F7HAIT. o] BFL FE:

Eo 23 Ag FANS] WyEE
Eﬂlf& Shi®} Gerdeen!”9] AT A9} H

2

i

22 Moo
S _'x

o :
;H -

4. 8 2

A Liao B+

o83}

o 71%8 2 oI A AEAFE E
Atslth olFAF A A 7 ARE n

gstn do] & Hoste FA Yol§ MKE

x

% 7|

AT= A }"0(_. 9] 21417] ZEE|0] 4F

mt
rar

tons

(1) Marciniak, Z. and Kuczynski, K., 1967, "Limit
Strains in the Process of Stretch-Forming Sheet
Metal," Int.J Mech.Sci., Vol. 9, pp. 609~620.

(2) Gurson, A.L., 1977, "Continuum Theory of
Ductile Rupture by Void Nucleation and Growth:
Part I - Yield Criteria and Flow Rules for Porous
Ductile Materials," J.Engng.Mater.Technol. ASME,
Vol. 99, pp. 2~15.

(3) Doege, E., Bagaviev, A. and Dohrmann, H.,
1997, “Formability Analysis Based the
Anisotropically Extended Gurson Model," Advanced
Methods in Materials Processing Defects, Ed.
M.Predeleanu and P.Gilormini, pp. 281~288.

(4) Liao, K-C, Pan, J. and Tang, S.C, 1997,
"Approximate Yield Criterion for Anisotropic
Porous Ductile Sheet Metals," Mech. Mater., Vol.
26, pp. 213~226.

(5) Kim, YS., Won, SY.

on

and Needleman, A.,

2002, ‘"Prediction of Forming Limits for
Anisotropic  Sheet Metals Considering Void
Growth," Proc. Plasticity2002, Aruba, USA, pp.
409~410.

(6) Needleman, A. and Tvergaard, V., 1977,

"Necking of Biaxially Stretched Elastic-Plastic
Circular Plates," J. Mech. Phys. Solids, Vol. 25,
pp. 159~183.

(7) Hosford, W.F. 1979,
Anisotropic Cubic Metals," Proc.

"On Yield Loci of
7th North Am.

Metalworking Conf.,, SME, Dearborn, MI, pp.
191~196.
(8) Tadros, AK. and Mellor, P.B, 1977, "An

Experimental Study of the In-Plane Stretching of Sheet



7]

o4
tlo

Metal," Int. J. Mech. Sci., Vol. 20, pp. 121~134.

(99 Kim, Y.S. 2001, ‘"Engineering Plasticity,"
Sigma Press.

(10) Hu, I, Jonas, J.J. Zhou, Y. and Ishikawa, T.,
1998, "Influence of Damage and Texture Evolution
on Limit Strain in Biaxially Stretched Aluminum
Alloy Sheets," Mat.Sci.Engng., Vol. A251, p. 243.

(11) Bridgeman, P.W. 1952, "Studies in Large
Plastic Flow and Fracture,” McGraw Hill.

(12) Kim, Y.S.,, Lee, YM., Won, S.Y. and Hwang,
S.M., 2002, "Effect of Material Damage on
Forming Limits of Voided Anisotropic Sheet
Metals,"” Metal. Trans. A, Vol. 34A, pp.
1283~1290.

(13) Luo, ZJ.,, Ji, WH, Guo, N.C,, Xu, XY, Xu,
Q.S. and Zhang, Y.Y., 1992, "A Ductile-Damage
Model and Its Application to Metal-Forming
Processes,” J. Mat. Proc. Tech., Vol. 30, pp.

EHE oA BA AEEA AF 1145

31~43.

(14) Son, H.S. and Kim, Y.S., 2001, "Strain Path
Dependence of Forming Limit Predicted by Barlat
and Lians Non-Quadratic Anisotropic  Yield
Criterion for Sheet Metals," Int. J. Korean Soc.
Mech. Engng., Vol. 15(2), pp. 210~216.

(15) Ragab, A.R. and Saleh, Ch.AR., 2000, "Effect
of Void  Growth on Predicting Forming Limit
Strains for Planar Isotropic Sheet Metals," Mech.
Materials, Vol. 32, pp. 71~84.

(16) Needleman, A. and Triantafyllidis, N., 1978,
"Void Growth and Local Necking in Biaxially
Stretched Sheets," J. Eng. Mater. Tech. Trans.
ASME, Vol. 100, pp. 164~169.

(17) Shi, M.F. and Gerdeen, J.C., 1991, "Effect of
Strain Gradient and Curvature of Forming Limit
Diagrams for Anisotropic Sheets," J. Mater.
Shaping Technol., Vol. 9, pp. 253~268.



