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A Study on Sheet-Metal Forming Simulation and Forming Process Optimization
for Aluminum Beverage Can Ends
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It is important for the end shell of aluminum beverage can to improve thinning in press forming for increasing buckling strength. To search
an optimum process and die shape for improving thinning is attempted. However, traditionally the forming process and die designs have been
based on trial-and-error and the skill of experienced die-makers. The finite element (FE) analysis is an effective tool to predict a sheet
deformation and to evaluate the forming process and die designs in press forming. This paper proposes a new buckling tooling system for the
end shell forming and investigated effective factors to improve thinning using the FE analysis. The optimization method based on the
numerical simulations is applied to search an optimum design point. The results show that the thinning can be improved up 7.3% by the
design optimization of forming processes and shape of tool profile in this buckling tooling system,
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Fig.1 Aluminum beverage can
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Fig.3 Cross section of uncurled shell
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Fig.4 Conventional tooling system
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Fig.5 Thickness distribution by conventional tooling system
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Fig.7 Circumferential plastic strain distribution
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Fig.8 New buckling tooling system
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Fig.9 Thickness distribution by buckling tooling system
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Table.1 Model for air pressure

Rate of change in load
Model | ypper | Die | Panel
No. piston | center | punch
Ap Ap | Aps
MO 1.0 1.0 1.0
MALI 0.5
MA2 0.8
MA3 1.2
MA4 2.0
MBI 0.5
MB2 0.8
MB3 1.2
MB4 2.0
MCI 0.5
MC2 0.8
MC3 ]2
MC4 2.0

2 - ST

=—&— Unit depth

—— Lip height

—— Panel depth

—@&— Minimum thickness

—¥— Minimum circumferential plastic strain

s

MAI MA2 MA3 MA4 MBI MB2 MB3 MB4 MC1 MC2 MC3 MC4
Model No.

Rate of change [%)]
=

L

[

Fig.11 Influences of air pressure changes applied to tools
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Table.2 Model for other factors

Model
No.

MO 0.00 0.00 1.00 1.00
MDI 0.10
MD2 0.20
MEI 3.50
ME2 7.00
MF1 0.50
MF2 1.50
MGl 1.14
MG2 1.29

A.Ls[mm] ALA[mm} AR DR
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Rate of change [%)]
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=—@— Unit depth
——Lip height
~—d— Panel depth

/SN

£ D —@— Minimum thickness
—¥— Minimum circumferential plastic strain
-8
MDI MD2 ME1 ME2 MF1 MF2 MG1 MG2
Model No.

Fig.12 Factors of clearance, forming route and die shape
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Table.3 Design points of Ly

Design A ALS H| H;;_ H3 Tmin
point | “® |[mm] |[mm] |[mm] [[mm]| “° |[mm]
1 1.00 [ 0.00 | 6.94 | 1.59 | 2.22 |-0.179|0.238
2 1.00 | 3.50 | 6.96 | 1.55 | 2.22 |-0.180/0.237
3 1.00 | 7.00 | 6.88 | 1.65 | 2.22 |-0.180]0.240
4 1.25 ] 0.00 | 6.96 | 1.59 | 2.23 [-0.179]0.242
5 1.25] 3.50 | 6.96 | 1.55 | 2.23 |-0.180|0.241
6 1.25] 7.00 | 6.89 | 1.65 | 2.22 [-0.181]0.244
7 1.50 { 0.00 | 6.97 | 1.59 | 2.24 |-0.179|0.243
8 1.50 | 3.50 | 6.96 | 1.55 | 2.24 |-0.180|0.243
9 1.50 | 7.00 | 6.91 | 1.64 | 2.23 |-0.181]0.246
5
4
3F
£
gol
-4
i —&— Unit depth
3 F —l— Lip height
—— Pancl depth
4 I —8— Minimum thickness
—3¥— Minimum circumferential plastic strain
-5
1 2 3 4 5 6 7 8 9
Design point
Figl3 Simulation results of design points
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Fig.14 Thickness distribution of optimum design
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