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An investigation of non-uniform metal flow during rectangular battery case
using impact extrusion process
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Abstract: In this study, relevant to impact extrusion process of the rectangular batter case for electric vehicles, numerical
and experimental analyses were conducted to reduce the earring defects induced in the unevenness of metal flow. Since
the earring is caused by the non-uniform metal flow induced in the friction and aspect ratio in the bottom section. As
a way to reduce the earring, variable land die concept was applied. In order to analyze numerically the complex metal
flow by using commercial finite element package, DEFORM 3D, impact extrusion process was simplified in upsetting
mode at bottom section and extrusion mode at land section. The impact extrusion experiments were conducted to verify
the assessment of process parameter for impact extrusion. As results, variable land die which has longer longitudinal
section makes reduce earring defects. In addition, it was confirmed that the effect that slug shape like dog-bone also can
reduce the earring. This study is expected to be able to present the useful design guidelines for manufacturing the battery
case.
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Table 1 Process parameters

Classifications Specifications
Le=14.5 Lv=0
Straight land
Le=125 Lv=0
Die design Le=12.0 Ly=25
[unit: mm] _ L=9.5 Lyv=25
Variable land
L=95 Ly=5.0
L=7.0 Ly=5.0
Rectangular W/Wo=100
Slug shape WIW=90
[unit: 9] Dog-bone W/Wo=80
W/Wo=70
,—Rs Ri~
h 7T 77 77 > i r
| Straight land Lo
—Rs Ri-,

 Lv
Le

Variable land

Fig. 1 Comparison of die designs
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Fig. 2 Comparison of slug designs
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Fig. 4 Schematic of impact extrusion

200+ —— AI 6061 O temper
w
o
£ 150
w
w
2
w
= 1004
£
=
L
L
| =
=) 50
=
w
0 T T T |
0.00 0.05 0.10 0.15 0.20

Engineering strain

Fig. 5 Engineering stress—strain curve of AlB061-O

o
=)
T o

mnyvsec 7oA AFS 433}
& oF 400 ton®] S WE 4 =
Zh= AISI M4 A S AREERTh &8
Al 6061-0F A-&3tom, Al w2 o]oig
312 3] 98k Al 3xxx AAE ALEs)H
Fig. 6 I} o] 23S 433}tk

it
(g

00
;é]
KN
=
A 7&1%
H
=

Insert die
Fig. 6 lllustration of Impact extrusion process

Stripper plate

_26_



QURHE - 22l - 0|FY
3. M8 Zo 2 YU 538 (LV=0) oA & 7HHAE 530
H)) olojee] A WAlste] 41ﬂ}7 o 37
3.1. 28 Ao 2 5o = Ay Azl et A8 & 5= ) npviA 2 pas 53
EQUE F9u PUAE Bl BE 4F 2 °W“5?Ta??ﬂgﬁbVﬁiﬁ%%ﬁﬁf]%
N == o) ol o A o] "k
oh Fig 700 GRS 2 0L, G el e ST AR oot ol el as) waed
- 101504,9‘_9_ 4]:{]?5]-1;],
o H2-& Deform 3D ¢ a4 Anjoln], §5e 4 OIS AT,
&) ﬁJJr LERd o]o]g o] Fads e . 72 A
Al 3xx A1) 24 oF 350 1one] A J & oo
HEASEE oL Al 6061-0 2Al= 2F 450 ton 7HA] 5 _§ 5]
Thske] B3 sheo] SEsle} AU sHA £
shich 3
T ¥
©
Lc=12.0, 1y=0.0 e 21
= = 8 1
- == (/2]
| e 0-
Al3003 AI3003 Al6061 Lc=14.5 Lc=12.0 Lc=12.0 Lc=9.5 Lc=9.5 Lc=7.0
L=120, Ly=25 L=95, Ly=25 v= 0.0 Lv= 0.0 Lv= 2.5 Lv=2.5 Lv=5.0 Lv=50
| =
s Fig. 9 Standard deviation for the earring measured by
- expriments
AI3003 Al6061
Lc=9.5, Ly=5.0 Lc=7.0, Ly=5.0

Al3003

Fig. 7 FE analysis results for the earring with die designs
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Fig. 10 FE analysis results for the earring with slug shapes
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