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ABSTRACT

When a large automobile sheet metal part is formed in a draw die, the binder wrap is first calculated

to predict the initial punch contact location for avoiding wrinkles and severe stretching of its thin

blank sheet. Since the boundary of a pseudo blank in calculating a binder wrap by means of a geometri-

cally nonlinear finite element method is unknown in advance, an iteration method is generally used.

This paper presents an effective iteration method for correction of the pseudo blank in a binder

wrap calculation, For the performance test, two exampleé are adopted. The calculated results for both

examples show the good convergence which wanted solutions are obtained in the second iteration

step.

—:—37] %8¢} ! Binder Wrap(u}2lt] '?a) Large Deformation Theory(ti¥® o] £), Finite Flement
Method(#- 8+ 2.4:1), Degenerated Quadratic Isoparametric Shell Element(:d 3 ¥

o]zt T 4 24)

1. M —

vlel ] ) (binder wrap) < ZV& A5 212] 2HA|
2] H(body shelD), E# 2 @71 (trunk lid), ¥
(fender) 9t #o) gk T A& 4% 7l3 g o
tholE AASNAYG Fie 27E A=
o] &-¥T} ¥ e WHE &% A (blank)TH
&t A8 E ol (die) e 373-& vk (binder)
gt B2 E£g vio) g Tz A A (Punch)

7b o o] A7) &Es)k7] Aol Hl ol
o] AT o] &L the] 78 €l (cavity)
g g

cho] AuEle] ZA FHE HA) 2 A
(punch opening line)®]gtx 3=, o] I
AaA 8 239 A7NE 7 £ A(pseudo
blank)Et3 g} silr] Y& HHG EAA7}
e uhly S Hate nyE | JH &
BA7}E cho] AHEIRAA HEE dFT ¥

* YRS n digd VALA Y
w45, gt stm JA7)A Fe
sk FLobdtm FEOE 7)AF o



vl Fof oy AL AT B BEY 41

o

1532 ole] ¥Myd 94

te

A

o] e AEI) ALEEN B
7t AetA He 2719138 A58
% 93, A¥Al Fo] FdEA oA H
3 Rio] YEE 37 8 vy FH =
Ao BAF ARE AANE 5 A

FEaayol] 2% v F Ade B
o A7} ol 9 gk7) Wl ol A8 B & g%
4 2427 22 ALFHYeH T updrg
9 FAro] A FEol AP A
i E o] @ol o8 7IekEA vAY A L7t
A=A =Havk vAY 4 242N BlY
Ae AAEA = wole vdnie FHA
Baze] AW He7t AXA =o At B3
A7} @A o] & WA exy Mo RFE7I7}
o]}, o] #Fa] T4 208 ol Wi A
2ol WadA o widue JWol EXE
4% AE 4 AE AUI7 oADMY
2uze 949g vd d&dte NEIFE F
olmz} sk =& 1986 Chen®ol T7HA W
W2 AAegrt o Wy 71stE A A
a2 &7 wEel uly TEe| FH& A
o= Hud FL ERE L F Ao F
o] A=A e 9|t sPLKET A
Astdt

R ME 7seAE HdE {Ees

ZRaWez voln #E AN A 7HE
Beme B €L ALEe HA Xy
M 7o) ol FASEEM BHE AL HFE
Fol= HES AAFLR )

gt o do

2. oigd € 24

vhelrie] Fee] BRI FEo & B+l
= 2aas ddel tpade] HI @7 2
Vgx FAE 4 gA "ok dEA dHES
S9| g8fo] RF X3 H < Lagrange-Greens]

1 .
&= o {laitwtus © g} ¢D)

middle surface

Fig.1 Degenerated, 8 node isoparametric shell

element

& k=123 EE xyzE8 dulsn AWA
] e oo #¥ g udih o] F 6704
‘i'i_%"_& )‘6“5_‘ Eijg} 33\:!'63’21 ‘?*;-?4 u,—%— E-IT.‘ -3-_1{—@}'
e feate] WAL 3o HH e}
ool stA T B FAVL gV WE FA
wakel SANYE o, 8 FASA =Y Figld
o] egenerated V71 @ 84 (isoparametric
shell element)*” 2 & He] 7H5dlth B =%
dAe (1) dez Hoge dFE 4 =
A48 AF8-8te Figldl B¢ 83 4 degenerated
Su7] H4 84E RPALYLE FHRT
WA f3es 4 Z2IPYL AES u)
ar] P& ALEEd.

3. Hiol{ o) AHA ghy

1o FEE AARE @Y FEed

N
Wogz uely A& AL @ Hel A E o

2A¢e A ool @A FolAe Aol
oluel o] o] Bajze] WFd odtd A
AEDE Aotk &, 7 §#3AY BAGA
25 e RE QA AN HA7 EA48HR
a9 WA o3 Mol GHAA AT ol
Z Ayy Badast souAY B £55E
kg omlEly o]z {1ste wile Yo %7
Sdo] F715 o] A8 wiluirt €Az 2
2 W FxA &AL obr| ) et B
e g AFA WY MY S| 00 He



12 284 - g9 93

ATHE AL # UEE £HHojok hul o 2A)
TR Bas ¥ T2 B FYo
95t 24 4 9o

ol At ¥ wEANE oS 2L AL
oot & uelee WEHEA e Az AHA
S B9} vkl Atele] mbdolul ma s
H) = (draw bead) 2] & T A g g By
o WL &Y WANAA olfo] Aotm
744 g,

7t B39 AA P4L R ET o] A
A%e BE dHoM 238 (%3] wHep) o] We
(w)e BRlvys] Fdo] P2o] WX oxyY
Mell A 723 Az T4

w.=uw=z, (n . boundary nodes) (2)

e MW FRY FAHE ondn ole
HY ge s FH Ay 42 5+ Aok 2y
Ytz oZ wx exy Mo A WA=z s}
AL 20 WP AR o]F AN FEE
AR vF3 of FEGANA FHEE AT 6
BALE P

3.1 E7| 8N ¥

vl F AAE {9 27] Y g4 A
24 WX o2y do] £ fF U YA FA
€33 BAE stz o] AAYY 2E 4H
AA (A7 &e A A 7tdc v
frEas T2 oF AL dH=2 FA
dHEe AW u, 0,8 ACY o HA 2
g Me) GeA7] ool olzle] Zfo
47 ZolARS FHA UE A4S AT 4
929 AT FAE ok ¥t

32 4 gelol Sy

Figot 714 SddA0 ¥¥d 4o 2 Hd %
38 99 2=ln 94X 22y Hg FA
EAE Aoy, 0 71EH (reference point) &
24 2Ya0 dAE FEo] oM F(EE
oA F)ez wsltshs B udd =3
A€ 7P BRa ZEAAMe el Feold, 4

Fig.2  Initial and modified pseudo blank and pu-
nch opening line

z

Fig.3 Pseudo blank idealized as a cantilever
beam

= Ad WEde 8 AL i, 4
Aol WAt fA e WA Xy MAo
Yol

AdlM A2 I FA3Y] H8to Y B
WIE Fig3d 2ol B2 dwd) A o, 34
20E oFF #ol & & Urh, :

a
, a—w=0 at x=0 (3
x

2 .
w=2, 6_;2020 at x=1

wE 2839 AAolat & o Hel MY WA

2o 4y 8y oJgo= ¥



AN A ddY Ade 4% ARHA wEy 143

&

— 36\ 3
W TP @

o] Btk EG HDAA 18 1 WEF 4

T2 u=u, v=u, w=n, 8 B

U o

&

o2 EE, 4429 WRo F2 el
ok A w u
am g [2[c|] %
| 2 | 2 A4eE ©NE des ol =

AND % 91t
e _ 1[0w
=3(5) ®
(4 (W4E Wgsha -
e _1(9% , 9% , 9% |
xx"'z(l,‘.k 15 .L+ ) (7)

4

s} Zo] MY Fo| 7ot XY, o) FY ol
9% A A (stretching) & v B}, £
HYEL HEE ool A A A& (relative
elongation) M%7}

€ = %M(M-F 1 (8

2] BAZF flcth Figddl R 2HY FHe=
H =DM ¥ E # 4 AFES

931

xx 812

M=%

T | (9)

u=i-r

sh Zo] THE # Atk o] HolA o= (2)49)
2,7 5L A FHo] WX ¥ Meo| T
R RN ORENORE B GE L
Bele] Al

w*~ 2u=constant (10)

A #AE e F Uk '
Figadl X (@), ()& 2% 44 Az ¥9 4
9¢ Jehie, o7lel 104 A&E e
Bl ©he AANY pEY AR W0l
BANE 4g $ Aok |

ul+ 2= 0d+ 2ons n

Fig4d] ()& tlole] 998 vy &3
22 A W¥ste o] g9 FAMG
A oo} sl 2

l
1
6

—"l“‘ -

NN
o
[
[
[
[
[

» ¥

N

(¢) binder shape

Fig.4 Idealized pseudo biank and binder



14 234 79" - AT

lz""uzzlo (12)

o) A7} Ay sheder g} 2=z (1), (12)
oz BE

_1)4
B {3l°i Vi ($0 = 4512 } (13)

o} o] Tt MY E¥AY AAE T
224 2L WY 999 x-HEE 2L F A
o}, o] 3T ZE HEE R AN E FY
A A g5k 7H E 7 BR A9 B4l Fig
58 #& 7%,

= %—{2(xo+ 2x,) ' (14)

TN 40y 2,)2— 12 234+ 26— i~ 2Co— 1D} |

1
A= {20t 2,)

+ 8 4o+ 2,02 12{ 32+ 9, — 13— 2= yDuel}
AA4S BT 2 o
3l

39 9499 72 4

i+l i+l
(%" ¥

0(x5.3) \

: | |

|
L

—X

Fig.5 Typical coordinates on the pseudo blank
boundary

stk 91 Aol AL$ B Z7 e 7| 5E TheH 2o,

oy listepol M 7 A FA N =
23 kY BE
A7 Tt Lstepol A AR BA RS AR
wy v stepoll A AR BHE S wW W
ARG D)
uy, yo L 71ERY AR

oy L AH kol tlEshs HA 2y A
o AR

a=1 x>0, f=1 > i y0>0

=-1 p=—1 Vi ya<0

. x{-_x0<0,

4. wioly el A& o

2 =FAA A ﬁﬁﬁ °§°d 9] FAAE A}
23l A=A FA *‘1 £ #9(fender)
9 B3 &) 5 (trunk lld)oﬂ fﬂﬁP‘l‘ vy 2
#4519t :

4.1 ®o dielod 3

Fig62 #o] widre) A& e Zo|H,
Fig72 ©)& xyH el FEAA farafy
A% 2T BRI AL B -E’,—\;jo]])&-] o
ATE A WYZ BT g
AT AMHES AT

1070 8] ZEaA 2 TR e A W
£ 7F5tE ) SESANA ALE 5 y Pt

Fig.6 Curved surface shape of a fender bin-

der



HRIE o) tEy A % EFEQ ey 145

Fig.7 Typical finite element model for calcula-
tion of a fender binder wrap

Fig.8 Initial and final shapes of a fender binder
wrap calculated by the finite element me-
thod
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