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Study on the Computerization of Die Design for Bending Hook

E-J Cho* - H-S Jeong™* -
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Hook(H}+¥), Die Design(E3 4 4]), Elastic Deformation(gt4] ¥ 3), Plastic

Deformation (44] ¥ &), Elastic Recovery(¥t4] 3] &), Numerical Analysis (4=X] &[] A1)

Abstract '

Die desig for manufacturing hooks from steel wires has been depended on empirical procedures
based on trial and error method. To design die, at first the curvature and bending angle of hook
are computed by using AutoCAD and developed program which is composed of Visual Basic. Then
spring back should be considered because the elastic recovery of material is very important in

bending process. In this study, bending analysis of elastic-plastic materials is applied to predict
curvature of hook and spring back. Therefore, systematic procedure of die design for bending hook
is achieved to consider elastic recovery in terms of hook shapes. Experimental results are good

agreement with calculated results.
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Fig. 3 Stress distribution in elastic-plastic beam

2.2 ElA (elastic) AEl

8 mAlE Mo) Myt e 7ol 8ol
W AL e e 9D A@% Aoy

B 2(4)%} (5)8 €A At

{>

El

EgdA =— @)

A
_zz o, ydA= J‘, P

ST

y (5)

714 I& @ 23 BdlEolt} ojmje] SHE R
=¥ Fig.3(b)st 23 Mz} u] # @A o 9},

@l Ao 24§ e y=t ol By

‘D|)—A

2.3. Bt (elastic-plastic) AEY

)
h
| 2
&
2 bt 2
(U S
B
TR
i =
H‘utfj
g
> £
=3
i
AN
ox

==

ZolAlth. Fig. 3(c)o1m e}
A ty = ¢/2 oA A9 S

oA B2 4(3)e 2T E

A7 =,

o

JB Mo oo ©
o
u)
P>
ox
ol
mi E 2

Y =Ee =—7}Q‘jié](6)

CZE— (6)

(452)

=
[1)°]
S
2
>
fo
N

N
o,
o
i)
g
of
tlo
AN
ot
N
N
=
AN
1

ki
i
=
oM,
e

2
fm o
i
)
ol
fd
39,
e
o
£ e
=2
=
o

=

A
>
o
o

NI S
U0 @ gy
o o fy R oot ;
N FEOE—?Q
1 oo
o P
E
XLXH“
S
B‘.’,—‘_‘
myrblkﬂ
Hg?v‘
> ol
énb
B
[FUNSN
oz_k?ém
2
R
Y o

Hl g
1o
re
b
I‘[F
>.,

K orlo oy

1 1
Pr =P Pr ©)

Fig. 4 Schematic diagram of elastic recovery
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Fig. 5 S-S curve of hook material

o

A 9.

47 2.38mme] Aeaz AHL AL

3tk Fighsh 2o] @473
2ke] 377

o] &A%l
ato] JIGAFE
v AE b szt Adrte stz
o2 vrAth
2AFAMNE 0= fe)e] Tt dHE T
A&y vpR et 23k Mo g, shed F3he
4 2o 2 Jgate 3o 2 vt

ox

-

1) strain< 0.0032 ; B+ 77}
6,=E-e£=21261153 - ¢
2) 0.0032< strain< 0.0275 ; B] A1 & 3¢

-£
— e 000831 )

Gy = 160.27+407.154(1

3) 0.0275>strain ; A3 7} 83t
65 = 530.91+827.35 - ¢

3.2 9y oelg 2e ¥30 BY
Fig.63} #o] #8 A Re] thde] d¥olnz 2
Yol e 4 ToT 37N BE RAEE 5
AAxFEo 7 Pt dgdd He] w3 E 1
st 2(6) o 3 A
2 9285.52 - p
R EFAIH ©
‘17 T212611.53 ECh
2-Y,- ] )
¢y = —FEPte, 18R AR
2
¢s=d ELEEEEERE
2 Vol At

(453)

61

€

0.0032 0.0275

Fig. 6 S-S curve of hook material

=
2= T
g3teich
5 ,% %ol col g ol
o:]
=

£ AR okt
=) me 2k 73kl

%
<l

]

=rsinf, 0= sin“(z

Eco g oz vt

W Z o
T
r sin®
o 4
tﬁ r sin@

Fig. 6 Circular section beam



62 BN RARR AR, £5264 B4, 2002

| A ksel 30 dosgE |

[ =8 dlojel &3 (AutoLISP) ‘

!

[ AutoCAD = ¢4 ‘

Fig. 7 Flow chart of die design

82
cos®0 - d6+4r3f0 (0y) - cos®6 - sinéf -
(11)

rsin@

63
do+4r fo (827.35 - 22—+ 530.91)

(cos?0 - 5in0)d8

al

=)

i

N

L
o 4
E=)
D)

g,

o I
©
il
o,

o

_(>|£

8
)
oX
R
4

3.3 MA =2 &

ofil
H

Hi
I e

D
MO ot

o

v
e
2
Y
i
1o
1
2
=
o
o
fru
Jr o
l_il
LI

u
ofp o pa

r
o
R L

W7ol e 39 7}
W 23] Astel 4 Fel

! gk A
& w7t

o
Vi
&
K

U{H
T >
ﬂ o
1

g
X

1

¢

4. of ® of A

ol

Fig. 8& Chinu 935 9] =
. 293 dAlubse
TR 89 FE
Visual Basic® £ & 7
e a9l

Fig.9 oA AutoCADo|A] 28 Chinu 93 H}&=
o) §3e ¥e)9 wol ek Figloo Al vk WAL

_,d
o
o

>

=

%,

N

—

<
Au
Hor Airslo
o @ EE =

B
]
ro

g
e
5
£
X

A

o f
wn fh o o

i ox 1
tlo nlo

s

(454)

o] AL s Fig.lloA &9 vlse =
A2 E HoFr) AutoCAD 3 & B2 ¢k3
4714 A3 A& = 7h53ith. Fig 12, Fig.13 o A
FEDRE AL, HF 399 P43 dolErt &
dEt) o] 339 ¥4 dielH & ehelo] 7 WA
7bg 719 4 tlolel 2 AbgH o S4] 7h3e] 7}
s sttt

Fig.14%= Chinu 93 whE9] A ¢ A5 o2 A7

z 4 : -l ~ipsx
DEFT BIE LY 00RO #W EEBH)

DERER 1 2BXM 00 By &9

Mouse p—
@ Pan € Zoom + -
TP e oo r‘:’
sx0 | _oaw |
SaEnad SENTEEE M A sasm
Fig. 9 Hook file of .dxf
~ Sfooker v | 1 - EWSY0| I §NRWDOSKHOOR daishaset IR =g

WP BOE 230 A0 A TRV

DFHSR s R XM o 1P @9

3 ook Cuovatutos S L

Vhteis of Hook
cm sen oy
ha )
o an

Dumension of Hosk

o 5 om

atizoie Sy N L)

Fig. 10 Window for curvatures and dimension



~ Hoaker v 110 -- EWERO! QR Aotk WHOOK ' ibase ka8 B ML

DR RRE wAC GO S0 SBBE)
NEHSR s BBXM oo F &9

Y=kt

23 Hook gecmsty iaput

[
sa Ent
Tooh e pERRR— T O [

Mack of Hool. (RIZZ0ET~ PRA@GHT (0% EIORIT
¢
Center Put Rodus angle

x v
N R AT
£ R

Sat
TR TS
[T [T

» el TS S iy
" R (ST EEIE T IR @
6 [TEES (TR PUSET T IR
" TR RS FETET [T s
Rzl a1 N o el iy

s nemy |

Wisti)

DIULUUD TLNBLUL M L

Fig. 11 Hook geometry of AutoCAD

ook s
R HRE) FAh GO0 g SRE
DFHSR LORXM ne g &9

AR

Pt

J)  weaeo pvew e sans

2

LA WS FEPUD

Mouse
& Pan € Zoom +f-{

STILGYD BYNBLVE WM P07 PR B

Fig. 12 Die curvatures calculate process

v ~iotx
m.m E‘E\E) !7!(\“ QIR 2 W) iEi(H?
DEUSR LDBXM o T @
3 Dle guometry Output =L Xl
LINE
Start v Erd
Tootnfength ST [TSSTIET PR [
Neck ol Hook  [ITSTE [T TAOREHT PR A
Center Puint Rafus -, StanPaim End Paint
% v X v X
AETEAT WOOE  (TERED | [UEN [(ORTE R [T
RECTRS @IEED | [T . A [ VRS TR
NETEART [ | (O | O [T TR (T
SECIET (TS RS | IS [ERmE [0 IS
S[ETTEE AN | (TOWET (XN [RESY | (TR IR
S EIENES [T | ESTEE | (TR0 NI FTSRR (R
P TR (AN (TR [RR (O [OTRA [0S

sz

GIHIYUD DEHBEBY MM M 28628

Fig. 13 Die and hook geometry for AutoCAD

Bo] AT AA Al Y= 289
Hud Aoz & d5stn ded & F
152 Chinu 103 uls9 ALz AA
783 Aser dAH 29, 4EHE 1t

Aol AAbsto] Tk AT 63

"‘i‘& l R l 'i"'" P s
Fig.15 Predicted die, used die and deformed
hook for Chinu 10

Fig. 16 Example of die after wire cut

o dAHeg A4 Z2ade] NN E F
& % ok
Fig.16 ol A ofolof o2 Azt
Wi ok

il

o B 5
Ek:

tijo

e



64 SRR R, 264 H 458 2002

o @438 2F WAL THAT 20 L o
oz Agstel Bzl 2 WA 7 T

1L %% W7ol 4% @4 58] 27 1
2o ZF Wiol FutEds® FY TEY
2

3. AAE 28 FH2NEAEFA 3
ggn A dxstn Jeng Zeade 2y
< #l3td

AT 2000 HAAIS APRIT} Tl 8
%21 Ariol 2|3to] X 25 S

102 3§
(1) Shiro Kobayashi, Soo-Ik Oh, and Taylan Altan,
Metal Forming and The Finite-Element Method,
Oxford University Press, 1989.
2) A7, 9 G459 A9, WinE AL, 1993,
B) FFE, olE%, &FH, 51 HBdFA M &
B , A=A a9, A28

py
ox
oftt
2
1
b
1A
iy
2]
i)
k=)
kel
—
@®
[
©
©
®

=
]1!_

(9 2%, A, BhgYel DY ost
o

) W3, FHAA 22 S0l @ AP

® 4= OJ axd st A B7h 1997

(N dAA, Agds, 289, 1995.

® F7A4, vrgd el 219 5 Visual Basic Programming
Bible, 4 %1 & %A1, 2000.

(9) Rod Stephens, Inside Secrets Programming VB
Graphics, 47} & Z g ~, 1998.

Z2F (Fi)

19784 2@A, 20004 St=ESiUCiED
Balui JASAN B o
Brchs TSt SR, Sy

(—.—) PESSCO 2%

He S BER
1197244 49,
’_'“J-Fqlé} JAISET &Y, shEalietost
I'n_ }EH—T7|74|:'6% o B A, EX

=14

19991 sh=slitohEtn

HA (=] (ggtt )
1978 2gd, WA} st=siLciEtn 3ot
tist | AIZ st AyEt

Z & (igesk)

195018 3A, 198211 SAKEtm T}

oie st S E%ﬂiﬂgﬂ 7|
BT TUMAN.  SETED|IY ©
sl Se (a4, 1980~ 1995 HEE
ZUEF) JlauTY TXUCATY,  H
X shsloltistm Sas

FHASEAF)
19564 42,

chet 353stat £
HSED S (MAD.
of Mines (2fA}),
&F d7onga

e,

19794 MEoistun 3ot
SR |2 7|
Colorado Schoot!
1979~1985 HrojzbEt
) shsietoysta 2

(456)



