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Process Design and Finite Element Analysis of Rectangular
Cup used for Ni-MH Battery with High Aspect Ratio
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Abstract

The shape of rectangular cup used for Ni-MH(Nickel-coated Metal Hydrogen) battery for hybrid car looks quite simple,
but the forming process of extruding and setting up process design are highly difficult. Furthermore, there are few
concrete reports on the rectangular deep drawn cup as part of hybrid vehicles till now. In this study, process design for
rectangular cup in the multi-stage deep drawing process is carried out, and FE analysis is also preformed based on the
result of the process design. From the simulation result, some unexpected problems such as earing, wrinkling and
excessive thickness changes of the intermediate blank occurred. To overcome these failures, a series of modification for
punch shape in the forming process design are completed and applied. Considering the modified punch shape in the multi-
stage deep drawing process, additional FE analysis is also carried out and the simulation result is verified in view of the
deformed shape, thickness change and effective strain distribution. The result of FE analysis with the improved process
design confirmed not only reducing thinning of wall and possibilities of failure but also improving the quality of drawing
product through the modification of punch shape.
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Fig. 4 Intermediate blank layout for multi-stage deep drawing process of rectangular cup
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Fig. S Die profiles and deformation hysteresis of
intermediate blank for rectangular cup
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Fig. 7 3-dimensional finite element modeling for multi-stage deep drawing
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Fig. 8 Effective strain and stress distribution by FE analysis of multi-stage rectangular deep drawing process
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Fig.13 Thickness distribution of corner region in each
intermediate blank with modified punch

ol

Y ad7F ebta S-S & F Ao, A
AN = R FAZE oA Fotst
BEFE HolARL, o]|Fo FAAAN EFY F
o o3 FAYN FAARTL AAL RolV]

9 Assh 34 BolA AN
o) dste] gate 9
e ANy AN

9,
—z
ghis
=
=
:Ql':r‘.
X,
o\
2
)
lo
i
(e
3
Ol
—r—l
N
o,

golt}.
Fig. 14 oA ¢} o] HA g4 4 R /A=
T AE 4 Ad A I FA R3tel o
3l

A AARETAE M T e s A A=
2 gAC M FA Wste] et Aage &
F A F, A 1 EAAAE Ad A F F
b REEY FA Wt B3]l FAEHA uEh
I A, Al 2 @A ol FA A F AE
Fogo| ofolojd Y|E FAL FVEE QY E
o iAE otejoid EITF vERER YEE
2 ¢ Ut A2FH o= e, 7 dA A
o) |A FdE A o AdE 4B A
A ke, 81X g8 4 2 HA da v
A FEA G5 FF BT oAz gAE
T X YW R Wste] ARUE ddigez <
AR oz AdEATE AL &9 5 U
4. Mgy n&E % dE

¥ A7 delBYE AEAE 2 A AR AAL
Zt o v gE=2q 34 did 8L
S Bt 4F 4 R T4 AAC wE
T AYEY 7 W SHdAMe dIA S
et 4¥AAS ddsted doM Mg F
dol e AR AA R A BREoH, F
% 0Es d50F d FA £xe] I
S Fste A7 sRHEAA As AAE F
AoMe @5 BFozg 57 2x= A9 o
AT FEe deEdiey, A5 Wik 74 2
FoME g AYLFF ZUF-9 A% ¢k
obA Z7] FA AW 40% FEIA HAdE
e e T AEE 2R AT 4IE
shet g TheAdol AT wEpA Z e
FA FEE BAS] s FF TF 24
g 2 WASs SUHAA, AT TFoR Y of

sl AMIRES XA 17 M35, 200854/ 179



5

. 35 055 g
5 830 g 2.30 g 23 " ‘
- = g . L
B i} e g
g 25 § 28 = {ms.: ‘ai
5] - i N ] . T . %
£ pe- - - Target Thickness on Major axis, 0.40mm = 4 = ww  Target Thickness on Major axis, 0.40mm % 20 : . C e
a 9 riagor axs, g oz 9 Jor axis, % °%®1 .~  Target Thickness on Major axis, 0,35mm
§ B35 : B 015 e § .45 4 e
& 1t Drawing § 2rd Drgpwing - Srk Diawing
-%-swm - - Firgt punch B e - Firgt plrich T pap == e Rt pRaysch
= w Modified Pynch = - bodified Puneh | = - Wodified Purch
e P03 S
LAY ¥ Y T 3 ¥ ¥ ¥ ¥ " S0 ¥ ¥ ¥ H Y ¥ ¥ ? ¥ " g.08 Y ? 1 ? R R A S | ¥
b 0 b kN 0 s 81 20 9 10 2 E1 Aty 50 3 m 8 0 2% 30 40 ] & ™
initial Distancs fom Cenfer (mm} {nitiat Distance forui Ceater {Fnim) {rstiad Distance from Conter (i)
st nd rd
(a) 17 stage (b) 2™ stage (c) 37 stage
3 [
- ' £ 0306
- =
2 0284 . 3 02 - el
3 o . £ g0 L
& j e - Target Thickness on Major axis, 0.36mm a w v Target Thickness.on Major axis, 0.36mm
4 oss g oy _ i
2 ; : -
: ; Sty Deawing
4ih Drawi : N
;g LE e pena ¥ 9 - oo Firgt puneh
= Fiest gunch = -
= ot Mosdifiad Punch = - & Sodified Punch
B.05 a5 -
a.a6 * ¥ * T Y T 7 T F ¥ 3 a0 LA A i i 1 T ? ¥
% W 26 20 & Bt 0 73 & it 20 » 4 50 & i)
Initia! Distance from Center (mm} tesia! Distance from Center fm).
th th
(d) 4™ stage (e) 5 stage
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