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Sectional Forming Analysis of Stamping Processes
of Aluminum Alloy Sheet Metals

K. B. Lee”, S. Y. Lee™, Y. T. Keum™
"Graduate School, Hanyang University
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ABSTRACT

Sectional analysis program for plane strain or axisymmetric geometry of aluminum
alloy sheet metals was developed. For modeling the anomalous behavior of aluminum
alloy, Barlat's strain rate potential and Hill's 1990 non-quadratic yield theory
arranged under the plane stress assumption were employed. 2-D rigid-viscoplastic
FEM formulation based on the bending-augmented membrane theory was derived,
solving simultaneously force equilibrium as well as non-penetration condition.
Isotropic hardening law was also assumed for yielding behavior. To verify the
validity and availability of the developed program, 2-D stretch/draw forming process
for plane strain geometry and cylindrical éup deep drawing process for axisymmetric
geometry were simulated.
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Fig.2 Schematic illustration of 2D stretch/draw test

20
2D Streléh —o—Barlat 18 | {2D Draw
SKY-AL TG25 ) SKY-AL TG25
Punch Travel = 13mm T:'"“{gii?m 16 | | Punch Travel = 24mm
=018 xpe p=0.18
14 |
42 | —o—Barlat: Draw-in = 12.57mm

—o— Hillgo(M=2.0) : Draw-in = 13.1mm
a HillgO{M%2.07) : Draw-in = 12.57mm

s | m Experiment : Draw-in = 12.5mm

Major Strain (%)
°

0 10 20 30 40 50 60 70 BO 0 10 20 30 40 50 60 70

Distance from Center (mm) Distance from Center (mm)

Fig.3 Comparison of major strain distribution Fig.4 Comparison of major strain distribution

of 2D stretch test — 46— of 2D draw test

80




8LANK HOLDER

Cup Height (mm)

Cup Thickness (mm)

PAESS

v

DlHECTlON%

OPEN DIE

N

DIRECTION

U

R12.7

101.48 mm

BLANK
{length=158.8 mm)

\
\\P\\c
N\

N

AR NN
R12.7

97.46 mm

Fig.5 Schematic illustration of

cylindrical cup deep drawing process

60

55 t+

Flat-top Cylindrical Cup
2090-T3 Aluminum Alloy

35
30 | —o—FEM(Present)
—o— FEM(3D}
25 ~a— Measurement
20 s " . L .
[+] 45 90 135 180 225 270 315 360
Angle from Rolling Direction (deg.)
Fig.6 Comparison of predicted cup heights and
earing profiles for Al12090-T3
22
Flat-top Cylindrical Cup
2 2090-T3 Atuminum Alloy
1.4
~o— Rolling (FEM)
12 } —or- 45 Degree (FEM)-
—0-Transvarse (FEM)
—e— Rolling (Measurement)
Tr —a— 45 Degree (Measurement)
—&— Transverse (Measurement)
08 =
[¢] 10 20 30 40 50 60 70 80

Distance from Center (mm)

Fig.7 Comparison of predicted and measured

thickness distribution for Al2090-T3

Cup Height (mm)

Fig.8 Comparison of predicted cup heights and

Cup Thickness (mm)

Pl

60

55

35

30

25

20

1.8

-
@D

-
'S

-
(M)

e
@

0.6

0.4

Flat-top Cylindrical Cup
- | 2008-T4 Aluminum Alloy

50 |

—o— FEM(Present)
—o—FEM(3D)
~#— Measurement

i L " :

135 180 225 270 315

0 45 20

Angle from Rolling Direction (deg.)

earing profiles for Al2008-T4

360

Flat-top Cylindrical Cup

2008-T4 Aiuminum Alloy

p=0.1

T3 2 o o=
—e— FEM(Present)
—o— FEM(3D)
—&— Measurement
0 10 20 30 40 50 60 70 80

Distance from Center (mm)

Fig.9 Comparison of predicted and measured

thickness distribution for AI2008-T4



