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A Numerical Prediction of the Forming Limit Diagram
Considering Damage Evolution
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Abstract

Finite element simulation is an alternative method to practically find the forming limit diagram(FLD). In this paper,
the novel fracture criterion is utilized to predict the FLD in conjunction with finite element analysis for sheet forming. The
principal scheme of the fracture criterion in this paper is that growth of the micro voids leads up to fracture in the
viewpoint of micro-mechanics. The numerical FLD is verified by results of the out-of plane stretching test using
hemispherical punch. The verification is also conducted about two types of material. These results are in good accord with
the experimental results. Especially, the proposed scheme is appropriate to predict FLDs for a restricted material with low

ductility after the instability point or ultimate tensile strength.
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Fig. 1 Finite element model of the out-of plane
stretching test
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Fig. 2 Various geometry of the blanks used in the out-
of plane stretching test

Table 1 Analysis condition of FE simulation

Analysis Condition

Friction p=0.15 between p=0.3 between
coefficient Punch and Blank | Die/Holder and Balnk
Punch velocity 20 mm/min

Blank holding 150 kN

force

Shell element Rigid body element

Element type

for Blank for Die/Holder/Punch
22 =4
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;
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drawing quality electrogalvanized) “3[7]3} AZ31B v}
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Table 2 Material input data for selected sheet metals

. Forming 0.2 % Yield Strength Strain hardening R-values
Material to E v ] )
temperature Strength coefticient coefficient (n) Ree Russ  Rype
AKDQ Room
0.8 mm 200 GPa 0.3 174 MPa 480 MPa 0.202 1.83 128 2.60
steel temperature
Mg .
I 0.8 mm 100 C 45 GPa 0.35 147 MPa 359 MPa 0.201 1.44 231 297
alloy
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Fig. 4 Numerical and experimental FLDs of Mg alloy
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