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Sectional Forming Analysis of Stamping Processes
for Aluminum Alloy Sheet Metals

K.B. Lee,S. Y. Lee and Y. T. Keum

Abstract

The sectional forming analysis of stamping processes for aluminum alloy sheet metals was investi-
gated. For the modeling of the anomalous behavior of aluminum alloy sheet, the Barlat s strain rate
potential and Hill s 1990 non-quadratic yield theory with an isotropic hardening rule were employed.
The rigid-viscoplastic FEM formulation which solves equilibrium equation for plane-strain state with
mesh-normal geometric constraints was derived. A new method to determine the Barlat s anisotropic
coefficients was also suggested. To verify the validity of the formulation, the stretch and draw forming
processes of a square cup were simulated.

Key Words : Sectional Forming Analysis, Hill s Anisotropy, Barlat s Strain Rate Potential,
Aluminum Alloy Sheet Metals, Rigid-viscoplastic FEM
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Fig. 2 Barlat's strain rate yield surface
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Table 1 Tensile test properties of 2008-T4 aluminum
alloy sheet'®

Test Direction
Yield Stress (MPa) | Plastic Strain Ratio, R
( ° to RD)
0 156.5 0.878
45 1480 0.498
90 1415 0.534
Average 1487 0.602

Table 2 Normalized yield stress for 2008-T4 aluminum
alloy sheet estimated from Barlat’s yield theoly

Biaxial Yield Stress ( o,/ o) 0.890

Shear Stress( ¢,/ 0) 0.515
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Fig. 3 Comparison of normalized yield stresses for
2008-T4 aluminum alloy sheet among present
calculation, ALCOA calculation, Hill’s 1990 yield
theory, and measurement

1.2
AL2008-T4

———Present
——ALCOA
——— Hill (1990)

®  Measurement

0.2

L

o} 10 20 30 40 50 60 70 80 90

Angle between Rolling and Loading Directions

Fig. 4 Comparison of R value variation for 2008-T4
aluminum alloy sheet among present calculation,
ALCOA calculation, Hill’s 1990 yield theory, and
measurement
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Table 3 Comparison of coefficients of Barlat’s six-component yield function for 2008-T4
aluminum alloy sheet between present calculation and ALCOA’s

M b; b2 by bs
Present 11 1.218 1.018 0.981 1.034
ALCOA 11 1.223 1.014 0.986 1.600

Table 4 Comparison of coefficients of Barlat’s strain rate potential for 2008-T4 aluminum alloy
sheet between present calculation and ALCOA’s

M cr 2 for Cs
Present 1.300 0.856 0.993 1.027 0.979
ALLCOA 1.300 0.817 1.004 1.029 1.048
AL2008-T4 ‘ G2/Cu — (20’,, )M‘
1L =(2+2R, —2a+b)3c"

)
‘ Barlat H
0.5 !
‘ ——Hillgo (M*=1.8) | ||
—— -~ Mises i’
u  Measurement
Gn/on
— A
. 05 0 05 1

Normalized Yield Stress
in the Transverse Direction

Normalized Yield Stress in the Rolling Direction

Fig. 5 Comparison of plane stress yield surface of 2008-T4
aluminum alloy sheet among Barlat, Hill 1990,
Mises yield functions, and measurement
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Table 5 Material properties of SKY-AL TG25 aluminum

alloy sheet
Properties Values
¢, = 1.026
) X cy = 0997
Anisotropic coefficients
c3 = 1.003
Cg = 0.950
Barlat’s potential parameter M =135

Stress-strain relation (MPa)

Friction coefficient # =018

Sheet thickness (mm) t =10
Ro = 0695

Lankford ratios Rs = 0815
Ry = 0735
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Fig.7 Comparison of major strain distribution of plane
strain stretch test among FEM simulations and

measurement
20
18 Draw

—o— Barlat
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—a— Hill90(M*=1.7)
m Measurement

SKY-AL TG25
Punch Travel = 24mm
n=018

Rolling Direction

Major Strain (%)
o
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Distance from Center (mm)
Fig. 8 Comparison of major strain distribution of plane

strain draw test among FEM simulations and
measurement

Table 6 Comparison of draw-in amount between yield

criteria
\%Dircction 0 5 %
Yield Criteria
Measurement(mim) 14.64 145 1476
Barlat(mm) 14.959 14.945 14.985
Hill90(M=2.0, mm) 13.97 13.936 14.038
Hil190(M=1.7, mm) 14.596 14568 14.74
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Fig. 9 Comparision of draw-in amount of plane strain
draw test among yield criteria and measurement

Table 7 Comparison of execution time between sectional
analysis and 3-D analysis

Sectional analysis 3-D analysis

Strech process 30 seconds 1 hour

Draw process 2~3 minutes 2~3 hours
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