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Sectional Forming Analysis by Membrane Finite Elements
Considering Bending Effects

J. B. Kim, K. B. Lee and Y. T. Keum
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Abstract

The sectional forming analysis considering bending effects from the geometrically deformed
shape of two linear membrane finite elements (called super element) was performed under plane
strain assumption for analyzing forming processes of an arbitrarily shaped draw-die. For the
evaluation of bending effects, the bending equivalent forces are calculated from the bending
moment computed using the changes in the interior angle at the middle node of super element, and
are augmented to the membrane stretch forces. In order to verify the validity of the bending
formulation, the simulation results for the stretch, draw, and bend sections were compared with

membrane analysis results and measurements.
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Table 1 Material properties of DQSK steel sheet.

Properties Value
Strength of coefficient, K (MPa) 503
Work-rate hardening exponent, n 0.2
Pre-strain, g, 0.004
Plastic anisotropy parameter, r 1.46
Hill’s yield function parameter, M 2.0
Coulomb friction coefficient, y 0.09
Thickness of sheet, t(mm) 0.64
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Table 3 Material properties of DQSK steel sheet.

Properties Value
Strength coefficient, K (MPa) 503
Work-hardening exponent, n 0.2
Pre-strain, & 0.004
Plastic anisotropy parameter, r 1.46
Hill’s yield function parameter, M 2.0
Coulomb friction coefficient, u 0.12
Thickness of sheet, t(mm) 1 0.6

Table 4 Comparison of N-R iteration and execu-
tion time in the draw section.

Angle | Curvature
No. of N-R iteration 1092 1088
Execution time (sec.) 1010 1367

Table 5 Material properties of SPC1

Properties Value
Strength coefficient, K (MPa) 471
Work-hardening exponent, n 0.265
Pre-strain, & 0.0001
Plastic anisotropy parameter, r 1.87
Hill’s yield function parameter, M 2.0
Coulomb friction coefficient, y 0.2
Thickness of sheet, t(mm) 1.0
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Fig. 12 Comparison of thinning distributions among

FEM simulations and measurement in the
draw section, shown in Fig. 11.

2% o fEe o] % B HFA 501

€
= PUNCH SHEET
O 20 F
H]
£
§ 20 DIE
Q
N 60
-40 0 40 80 120

X-Coordinate (mm)

Fig. 13 Tooling geometry for forming operation of
bend section.
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