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Multi-stage Inverse Finite Element Analysis of Multi-stage
Rectangular Cup Drawing Processes with large aspect ratio
considering Deformation History

Seung-Ho Kim, Se-Ho Kim and Hoon Huh

Abstract

An inverse finite element approach is employved for more capability to design the optimum blank shape

from the desired final shape with small amount of computation time and effort. For multi-stage

deep-drawing processes, numerical analysis is extremely difficult to carry out due to its complexities and

convergence problem. as well as tremendous computation time. In this paper, multi-stage finite element

mverse analysis 1s applied to multi-stage rectangular cup drawing processes to calculate intermediate

blank shapes and strain distributions in each stages. Deformation history of the previous stage is

considered in the computation. Finite element patches are used to describe arbitrary intermediate shiding

constraint surfaces.

Key Words @ Rectangular Cup Drawing, Multi-stage Inverse Finite Element Analysis,

Deformation history
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Fig. 1 Intermediate cup shapes for the original design.
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Fig. 2 Intermediate cup shapes for the modified design.

= L=
s B

3. M =A

glAel] AMEE A8 SPCE-SB |9 ¢adzsow ot
=0 RS 53 BEAAE vsat gk
$9- :
521.86 ( 0.014834+ & )**™ (MPa)
AT : R,,=1.617
Z7] #A F7 0 05 mm
v Al 015
B £99 11000 kef



FHE TPEa, vlsetAel o
1/4 LA B
384 AAHS A}%fs}ﬂ vy
o ey vjaig PEe] fEAlS -
e 72T+ A2 Ho]l:} 6 A ol
= A7A Aol AYEAHS EH'%PI
A Wl e aejh %ﬂa}ﬂr 2 ‘:%’—oﬂ»ﬁ‘c kS
7] o ERE SAME s FAste] 7t de
Ay o8 S vy @ACA ARgEle %*‘0 7 W
FES EPT wolge sk | AAH
el Wy e Ay 918 dAEE WY o
2aA] &2 e 1 6 tAZHA st
1 A
o1 4 ARA A

T A TS

4 2 m g
o & koo 2
k!

)
E o
ot
L
e
o

4. +xlaA 23}
Al 1 bl e

w AllE A
HBHH G2 Mol e
stk & oldwAle) TG WY
o e K o g B TR o o)zt el
Ny YA T WIPE BEE 1 A FFes 4
2 AHgste] SMstan. @AM PE sekshl Hu
Aa]%)\]ol wkalgl 42 9l FH cq:zj% ;g;%x-110ﬂ _—4_04_1—',31_
4 9& Zolt}, Fig. 3 | 27] AAkel] o3t 2} ciA|e]
Axs 7 A4S TAE95 Fig 4 | £4 Aok
g8 A9 SAS Fg 5 - 2 ©Ale) FANEsE
PEE 4% 0 uEwdel ad AgHen yrh
Aol

Wy Fd
S 1

A3 Al a7
gq 13
]

L BERRY

al
re %7)4u%} o
A=

o 2 m[o

rSL

v EIEb|&9 ) AEE

Fig. 3 Calculated intermediate shapes of each
stage for the original design.

Fig. 4. Calenlated intermediate shanes of each
stage for the modified design.
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Fig. 5 Computed thickness strain distributions of
cach stage for the one step analysis.
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Fig. 6 Commited thickness strain distribntions of
each stage considering deformation history
of the previous stage.

4.2. 2 HA 84

w AolMz eAstaat she @A wiR A e
o] Mgol8 2 auejste] &S FdstAth | 3 _F'f-ﬂgl

A4S A4 1 1 2 1
Aole] e 4B F o 2 HAS) W Ak 7]
4o Fi 3 o]
Wl sezd waolde s s e 41 19)
Ashurhs woh A4 Qs AhE 2 5 A Aol
th Fig. 6 | 2 A9 FANYE $x8 F5 R 9=

o REIEIE 71 E

gl caly 3
4 MYE BE Pl HET YuhE woln A
Aol Wsph FAE AARke] A97h ) Astn
HYE LE) x&%ﬁ& FolHE o stobE e
wolm gtk 5 6 L9 WMPE LEAN A%
WA A7) 2] A Afne} AR
Fgel WA Fob AL ¢ F Ak

AT R

o2 vehhgit 3 4 A7
l,

_‘T.',

of fn b fu

43. APol S 5 ek v F3ea o4

B Aol od wAe) wRelde ®
NS sk AA Aolze] A s

Y= Al olvba gl WakE ASHLE o4 ¢
A ol =7 T A0 defiol e o
o _

il 4 B A% oz A
K ase = ﬂo}ﬁiur Fig. 7 | 2 @A
FANYE 2ES ’3% 2% LPé“J%LOII e FFH e
i A Frle] BE A= u]ﬁw oF

Ak A M}ﬂOPOI 757} W) A
FAN A= FEol Bol #3Ho &S & % ek
AR FANME BE RRA o] Bal= §ito]
At A5 Fielld Fed 2EHH 0] doju=d]
g AARME AHEEHE o] @3S A3 2 A

& Ao dZuo} Atk

Thickness Strain
Thickness Strain

Initial Distance from the Center (mm)

Initial Distance from the Center (mm)

(a) Stage 3 (b) Stage 4

Fig. 7 Commted thickness strain distribntions of

each stage considering full deformation
history.
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