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Finite Element Springback Analysis of
Vertically-Walled Auto-Body Part

D. H. Lee, C. S. Yoon, C. S. Shin, W. S. Cho, B. Y. Ghoo and Y. T. Keum

Abstract

A vertically-walled auto-body part is one of the most difficult stamping parts because of angle change,
wall curl, and twisting of the blank after springback as well as fracture and wrinkle. In this study,
computational simulations of the vertically-walled auto-body part are carried out focusing on angle
change, wall curl, and twisting after springback. Binderwrap blank shape is used in forming analysis for
precise initial contacts between punch and blank. An adaptive mesh method is used in springback
analysis for precise calculation of bending moments. In springback analysis, the differences of 2 and 3
dimensional analysis are compared and the effects of blank holdig force and friction coefficient are
evaluated. In order to verify the validity of simulation results, they are compared with measured ones.
The predicted thickness distribution and formed shape are agreed well with those of the measurement.
The predicted springback amount is less than that of the measurement.

Key Words : Vertically-Walled Auto—Body Part, Springback Analysis, Finite Element Method, Twisting
Sheet Metal Forming, Explicit/Implicit Program
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Fig. 2 Comparison of true stress-strain relationship betwe-
en experimental measurement and Hollomon curve
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Fig. 5 Formed shapes associated with forming time

=
. O —
AYatd =@ ol IA e AL B 5

o
[
[kl
ot
=
Ho
ik
fo
o
:oé

>

Minimum Thickness 11uss
(F)0.82mm

!

Fig. 6 Thickness distribution at the final forming stage

AR 170 BHE 47 100mm HH0E Basn
7 9We A B, C D, B8l 5] AHoz FRelo} 841
Aol % 283 F7) 34715 rlolazvz 57
soith. Ash B ZAAY, Be D g3 uR, B
BAPERY FYAYE 42 e Fig 78 28
g BY F 10, 13, 1659 64 @ 2920E vnd
1

10993 3gEe AuAsh 447 2]
3

2
L ©
1.z
fo & ¢

'

=

x

st o] REL A4 FYdA TD E58 & #
Fojn, #Aor Az AN W §FBHE T3l
ks FA3She Yioltl gy, 4 A sjA T
a3 59 AR o)l2 ndy x| £33 Aol 9x1e]
TU09 Aoz AP, QPR H-F AAd 4
H FHA7F 10% o SAE 2 AAHoz A
gk 2 FAREE AA FAH &9k
AYYRE FHrislr] A8 APz sjde ¥y
F2 FAIBUTHEg 8%%). F 2o HaEL Ays

TD Coating
Lubrication

~ @ Measuromant —— -——— @ . 3
10 |
-a- Prediction -a- Pradiction - Pradiction

ul_

Thickness (mm)
P

o

E

Elemem Fosmon Elemem Posmon Elomem Posmon

Fig. 7 Comparison of thickness distribution between mea
-surement and FEM prediction

eEAMIEESER] A|97 A6E, 20004/ 577



to] F 5-gelA setol

S

o &7

~

“Before

Springback

i
/oy
\ \w
V.\‘ \
K Ji
; /
x\‘
\ .\.\
{
52
- EF
-2E
@ &
mm9583
SER 9
EZlS T e
L | A
M%D&DD
WO R B B X
SpEE:
™ Lo
m e W
e Ny oW
oK HT];Mu
o or
R OB oo -
mﬂﬂaa%%ﬂ
W E g W
oo R
. _EmmaF
N A o
ﬂy!L ,_.,,mo‘OI,m.‘_
f o o ,W\_m
ooy > W X
® o <0
~ o _nniwmo
= 0
Sy ld
_l__ovlo%ﬂ‘_o
oo_xﬂﬂ‘.&o‘ur m
Wﬂgaﬂﬂ.ﬂ
ot o of T ol

9 Comparison of boundary lines between before

Fig

springback

and after

&-3ted

Q

EEDEE

Before Springbacky; After Springback

%o

MGE

7}3

7

e

mt —r (=) (=) -—H
zl S = =
Ef[e » = O
=11 B
» - ~
2l I I
A BT oo R
)
,C Ht _L ~ ﬂ%
W o
WED mw
o] W w® 2o ®
BE
7 . © . X mo
Eom s n
A o Wm N
e N 0 S Hwr
W oo B o o
T o g
N o) ol m
B o Mo R
R oo W oo
GO Uy
T %o
B WT_ " K Wu
ey = o T
ool H R
TwoB T _ o
WA D
_HL ﬂo mﬁ Hﬁ mﬂ'A
O# LC mmo ™o .
mmr_. o L 7 Bl
= 7T % Al B
U SN Gy )

Fig.10 Comparison of mesh normal vectors between before

and after springback

el
i

T

7A

ﬂo
Hr
)
Gl

by

B FGFelA Hd 127mm
o
8

3t} Fig. 10
%

o} ®9]

.
T
1}
fal

B
=

ofiy

1o
=]

[o]

=
= al

k=

A4 st got

B oo
oA

L N

tioh Fig. 117 Fig. 12

3
E

A=
Cias
aoltt

kil
1 4l
330l e} Al

=
3
H) 7

HEY e vl

ol
.o

o}
u
3

W H

| wened E2de]

H X

3

[e]
Fe

7

d

g AHoA 3

E
=

Adj 1|

o A E
0
T oy
Mﬂ oy "
= = w
oo B
Wy gk o2
572
2w
G
= W
™ o uy
H @
el
& W
w o T
2 B o
IR
= o o
T
B
O
‘IE' ‘WL .
™
T T R

—_
™~
-

o}J
o

=

WO AE WY wok

ofy
olp
o

7 T
o
m
0| X
GG
WD
.
o o
- 3
m =
o
o
g H)
of 4
4 L
m o
®O —
%
__,A ‘mu
B
oF s
™ oE R
ol W Ho
™o

]
Lo

9

ek £44 &

247} whaA

1=
L

t}. Fig. 13% Fig. 14

Fig. 8 Evaluation of fracture using FLD

3|x| /7198 #6%, 2000

HE PP e

578 /



100 —— ...Before Springback . .
— After Springback DeVlatIOIl (mm)

E 150
£ = 1 3.3
@ 1 3
E 200 ™™ "'.w'?‘ 2 2.8
k<4
Z e {; 3 1.4
Q
N 2

-300

§00 550 600 650 700 750 800
Y-Coordinate (mm)

Fig. 11 Comparison of a sectional shape between before
and after springback (Section 2)
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Fig. 15 Comparison of shapes after springback among
measured surface and predicted surfaces by
program-D and program-P
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Fig. 16 Comparison of a sectional shape between before
and after springback (Section A-A)
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and after springback (Section B-B)

4 wpiel ¥ A P 2oy
4g FY5s 49 MR G2 Z2ags A

o 1
@ ATNE shsel Aolsk Ak
@ sef o

s
o2
iy
ok
ofl,
i)
i)
=
i
2
=
rE
S o
o



(6) 54 REL

stel 234913t 3344l
uebd, Bl &

mu A B g Allel g o % 9
ol
6) FAE PEL AP szguon A% 457
25 Bl ot
i

(1) Montmayeur, N. and Staub, C, 1999, "Springback
Prediction with OPTRIS”, NUMISHEET'99, pp. 4
1~46.

(2) Park, D. W, Kang, J. J, Hong, J. P, and Oh, S.

1, 1999, "Springback Simulation by Combination

Method of Explicit and Implicit FEM”, NUMISHE

~-ET'99, pp. 35~40.

He, N, 199, "Springback Simulation in Sheet

Metal Forming”, NUMISHEET"96, pp. 308~315.

(4) Joannic, D, and Gelin J. C., 1999, "Shape Defects
in Sheet Metal Forming Operations after Spring-

3

©)

0]

®

)

back”, NUMISHEET"99, pp. 29~34.

Wang, C. T, Kinzel, G. L., and Altan, T., 1993,
"Process Simulation and Springback Control in
Plane Strain Sheet Bending”, SAE930280, pp. 4

5~H4.
WA, A9, 1008, RS AT SR
Ao) FAH WAy, A28 ARG HEAY BE

Han, S. 5. and Park, K C, Hill, 1996, "An
Investigation of the Factors Influencing Spring-
back by Empirical and Simulative Techniques”,
NUMISHEET'9, pp. 53~57.

Lee, S W. and Yang, D. Y, 1998 "An
Assessment of Numerical Parameters Influencing
Springback in Explicit Finite Element Analysis of
Sheet Metal Forming Process”, ]. of Mat. Proc.
Tech., Vol. 80-81, pp. 60~67.

Keum, Y. T. and Lee, K. B, 2000, "Sectional
Finite Element Analysis of Forming Processes for
Aluminum-Alloy Sheet Metals”, Int. J. Mech. Sci,,
Vol. 42(12), pp. 1911~1933.

il

IR IE SRR A9 A6, 2000/ H8I



