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Forging Die Design for Vent Forming of Square Cup Battery Case
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Abstract The demand for electric motor fuel cells has surged in the automotive industry, leading to a recent increase
in the demand for square aluminum cans used as fuel cell battery casings. The air vent located on the bottom of
the rectangular battery casing prevents large explosions by intermittent pressure release prior to the accumulation of
abnormally high pressures. Conventionally, the square cup battery casing is produced via six-step deep drawing, with
the outer shape of the vent being manufactured by welding to the square battery casing. On the other hand, this study
directly incorporated the air vent outlet into the bottom surface of the rectangular casing. The product of a coupled
finite element analysis technique applying the thickness and contour generated from the square cup multi-step deep
drawing formation analysis was used as the forging input shape. The results yielded increased prediction accuracy
and the advanced prediction of defects, such as swelling and fracture. Based on the results of the initial analyses,
two of the generated forging shapes were determined to be suitable, with the optimal forging shape being determined
by molding analysis. The results presented here were validated by mold fabrication and a subsequent comparison of
the actual and analytical results.
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Fig. 1. Square cup battery shape of electric car[7~8]

Welding

+

Welding

+

(@)

Forging

J| =0

Fig. 2. Comparison between (a) welding and (b) forging process

Welding
—_—

Aol AA| A wj R
3xle] A S AEs, o
S B Alolshr] A8 =
7P<] typel & ©x 585 A
3l AHskE 53 725 g4

Akl ool B AFeA

!

1.0
=

331

9 WSl B (flatness), A%
(perpendicularity)7} YQ.A] 9ko} & oAl ¢xlde] Al
P22 (try-out) 7t 27-HTh AR wiElE] Aol ni

HE AYolM TAsks ngd, Mok 22 RS AL
2401] o Z3t7] 918t Fig. 34 HofA= A3

S 3D ZAd 3193 1/4 symmetric viewZ LER]
At HE AL A3 23] thx FAOE o]FolXA]
™, OP. 10914 EU(holder)7} 2A1= Fob5H on] 7
(pre-forming)S 3+ F OP. 20914 3 A X|(upper
punch)7} X_}%g}oq uﬂE 63/\}£L gqus] /\48&3}‘; %
oltk. OP. 109] o] &l FFAow 7473}
(work hardening)E 7}&te] OP. 20014 ¢+ A3 Aol

[ele]

2ol

4715g wolz Aoz st WE Pl
3}71 343]] tho](die)ell 7=
stelr

q

=
o

=

ﬂ—x}

2

fs

oﬂ,

Blank

Pad

Fig. 3. Die design concept
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Table 1. Al 3003 material properties

Thickness(mm)

1.1

Tensile strength(MPa) 130
Yield stress(MPa) 125

modulus of elasticity(GPa) 70.25
Poisson's ratio(-) 0.33
Elongation (%) 10

K 191.4

n 0.22
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Table 2. Forging parameter used in FEM

Symmetric 1/4
Number of Meshes 1830
Stroke(mm) 1.23
Friction coefficient(-) 0.1
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Fig. 5. Comparison of thickness between (a) experiment
and (b) result of finite element analysis
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Fig. 8. Comparison of B-type product and FE result
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Fig. 9. Measurement points of analysis result

Table 3. Comparison of measurement results of products
and simulation

Point

FEM result

T; [mm]
0.43

Tz [mm]

0.6

Experiment 0.39 0.85
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