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A study on the drawing characteristics of circular drawbead by the
Finite Element Method

Yang-Ho Shin*, Hyun-Bo Shim**
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J[ Abstract ;

In this study. the drawing characteristics of circular drawbead are examined with the plane strain
elastic-plastic FE Method. Both the clamping load and the drawing load are investigated by varying
the process variables such as drawbead radius. closing depth and friction condition. The effective
strain induced by the draw bead is also investigated. In order to verify the results, the computed
results are compared with the existing experimental results. It has been found that both the clamping
load and drawing loads are related with the geometry of the bead rather than the lubrication
conditions.

Keywords : drawbead(=22¥B| =), clamping force(M4d3), drawing force(91%¥), deep drawing(tZ&
29, FEM(#384%), bead radius(ME=%4), closing depth(H| =& 220])

1.M B < FEE JbeAol v FWAY #USEE 2HdE

PHoze FEA9 W3, FAGH Wl g¥3 37

FEOIY o] 9l1, date Asd F=E /R W o Wg 5¥9 gheduist =eeusol AxFo] Uyt
BHZES A7) Helde B2 AdEeE AA ¥ Hog AMgHETh 59 AbHY HE%e AFEe A8 B
22 2% ALdnt. 5§38 =2dAF A% FEIA Mgl BAs Huide] 34 filERd 2}017} DH‘T
Hee EWAY FYS=S e BHE WAL A 27) WEd Mg FadMe sehEd vhsd, oked
itk #Ae] APEmo| wjg) EAS) /o] wE A Aol de FEEY 7hedol sole § s
$. FBol A 42, P2 UF =¥ A% g FUE490] 2eAe 540 vk, webA ol d BAY

+ dddigta dad JlAF e
*oggdigta AT

_26_




FRFANAN G4 A 6 B A 3 5 1997. 9

Mgt AFHA 2829 AFEE Y] Yelde
WA FUEES Fodz 2AY "ot g =2
HEE fYSEr WE HE 2o dX3d o R

FUAEEE TAAA BMEHAY HHEe &%
Z e AFe 2N AT dAAAFTI] T B
Hog AHgHrh ol WA|AAC HH FHE Bt
NAZoZH SAEAS A F= B H7H An
T 7MY F= FHol syl Wi del AHgEn o

HZ AEabdde] 43 243 FFEHERY 45
of ute} sl ¥ ES fgRol® CAD/CAM/CAE 7]
@0l da) EFdx gtk CAEE F3lo =29 349
A7) feixe 2EEY HRE o] &¥rt 58 =29
Hle7t AXE 339 AS z2evee AEE P
A 2387 Yelde 22YES o 9 E EHE Ed
ARl {38 h AAE uAEA dHa Folok &7
gl AR i MErt Fristd AlMAIe]
Hed AgHe EAMe] gt weEkd m2ov|=E
Ay 2dyste Al =2oM|c Edd] Fged A9
A71& HxY AE Bt Fi, =2enErt A3
d Rold d¥PAzHez AMgsle o] HdHos
AHEE T QlE ol

c2ovcd #FP AT Foe AL 19784
Nine''ol ¢#) 998 =zeHcg oz & A7
£ Nzoz 1982% d Wange 84 mdg Agtst
o J2dL d&Fon 19829 Nine? & zoH|:=

Fol SRS AYskd 4Fegn 19839 Lewy™ &
Nine#} Wangel 92324 7E A4, 7H44e g o
g3l £ o FHBH 9Fg =3k ok 198449
Yellup# Painter'” & F& c2oucel #3448 AR
B mdgsla Aol JEHE dS3Hn 1986~1987
W Triantafyllidis®” S& @44 4 2d& 143
A& wee TAY WEE EEE JdZEsed
19949 Micher®t Weinmann'® & feedback A|i&
o4, EYA EYHH =2 oMl Holg A uH
o =2 AFEL d&stn GA A feedback A
olg] #&4< ATt 19969 Chabrand'” $&
gad gHEE §9sagos HMain, =eens
7t AAE FgelM 9FY HAd 9% =29 FTHS
#ldstdct. 1996 Sanchez®t Weinmann''! &
Wang®l #4g 71223 83 2d & AQtete] AFy
=% Ed3le AgY 2EL d¥dn AEHE Jd33
gk FdAE Min® Fo| ¢Y 9¥=zoucs

L jo 1 mo

_27_

ArzoHzd g AFEHE 4d3 A2 f38
284 E it 2AEY

2 AdFqAe d¥m2enlsd ddld tolet #ae}
o] vtdAF, =E2eH|ze A7) E2eHre Fo] 5
WelAA  Zze WHgle) wE =2omzo AHY
{clamping force). #A A% (drawing force) =
Zovc ooy ¥y WHE ¥ £L 239 g
A f3ad M S B Loludt EF o] d4e) g
d4e #lstnd Ada¥se A¥Ade vm .72
&},

2. O|@sHN
PREAE EUT IPYE AP Bag $4e
E}%P—" é]_q(l.'i).
Ju; Ju;
aB af Y%: L]
fvoL " eagde s dV + fwr a0 a0° %

(ty+ 41 _ af
fs?t,- Su;dS fs?r SeapdV

714 L “®7°% a4 2 Piola-Kirchhoff 2%
Lagrangian $8% $¥39 FAZ FdHe 7444
A @M contravariant B¥, e, © & 284
HE g SRS MYREA e con-

%% & Kirchhoff <% ®x¢9 contra-
variant A%, ;& 998 vehdth =3 Ve
#gAe A4, She d¥RA xhol Reze
WyHel 4UE 7)1Ze2 Y Rol,

web A7t SReld L7 test 2ol £
of At}

Lagrangian

variant A,

[o= NN
=

&(L ¥ '5%957;) (L ﬁ""’a—i‘éﬁ)

02 +_3L L mnpq ___a..é._
1 _1 do™" ¢ 86"

E, E

Bre _ 8
Lafre = [ aBre _

2)

7N AQREAHE £ = lojn I 8ol
£ = 0otk o714 L 2% 294 @4 2ol
2 thed 2oz x@dd.



AYT - AER

L ¥ = WEEE [(g® g%+ g g*)
v af re
F ] (3)
4714 g% = vEZdM (metric tensor)®l con-
& yehdtt

travariant A%

ol £4& ugoz s, cROHES HNT -
Qe fH8s Tade AT senEe 2
o ANEs delz FAsEiden, A AN
QWE ABIUTLE Mo Y 7RI T
=

(1) Bgog Hw WYE Y8,

(2) 24 948 A=

(3) Coulomb "%

(4) NG A7 L T Swiftdle=

3

3. #n ¥ 1F

c2oHE &R R L Y A&HRY A F
BAZ Uro] sdsided R WA dAdM e 93
2t (blank holder) d7eAz Bz ol
wal czewsrt AAGAN ANHE vegPer 4
e Fyoln, £ ¥R dAdNE E42 oyt AXe
28 AddA 48" A8H0] dzHe HAFE AN
A

Holy cgonjse oo wgdgoz spPstn, Hl
9 ol HlewtAs AT}, ok H=E FH§
o] greer ¥k 2A g

xe) AlgR AZE F4 0.65mme HARM &
JA%E 50.81kef/mm’ °l1 7FEAsASFE 0.268
ARG, SN E AEE g0z sl FUHE
160702 Wrda, o] W AEHY AFe 2 X 3(He]
x FAME) oz 9.

HA vl ¥, vl AFZo] ¢ wpEzzie] ¥l
0g AZEAS ZAESTE ¥ EH S5mm, E89HEA
2 0.052 7|12 AdzAcR g & W4E A W
SAFAA 1 G ZAEET, Bda g e

_28_

9 NN E 28 A71E 0.02mmoE FLA
o M =AAZA] 4. 8mm7AA F 2409A7H 22HUS,
o] &4 AFHE olgdld AZTWAE HAAL AEd
AdAe B Zrie Eol& T2 §AF A LEF
oA AlHE 0.02mm¥ FL3HA skl AZ2Zo] 80mm
7R & 400094 7k 285 At ‘

Fig. 1 8233 &0 sdAs} JEDAIMY &
Ao HYRFS VPR Aoz afdM he ¥l=dd
o], L& Q1%&#ol& yepict W3de 2I13d (a)=
By 23 Fusl sl whel AlHol HERYOE
Ayl B34S b9 (o) & Jehigid. £33 &4
9 3ol Bt ¥ A&HE FHE (), (o), (NE B3
o] Yehigith fEelaidol BA3 24 a7 @A
qAe veMee 1A gie] AHe] vl
Aol A2 20| AA WaskA| oo} s FHAol FL
U, Q2UAdNE Hledte F£2AE AR
Q%o oaf Aol FFAE we} wjne] Loy
2o HEzzZo] AA Walsly] Wi de FEdS
AAA AN 28¥e FARSE AEAA HE
aA Frtetnh

\ - J
7~
(a) h = 0.0 mm , L = O}) mm
%J—
(
M h =25mm,L=00mm
L I J
(¢) h = 40 mm , L = ())) 1min
LF A \L
(d) h = 48 mm , L = 0.0 mm
LA

48 mm , L =5

L
o
I

o\ ¢

j(_
—
BN, N

f) h = L =,80.0 mm
Fig. 1 Evolution of deformation

4.8 mm ,

Fig 2 2 Fig.3& 8493 &4 %, F v=43
A2 A8 Aot Fig. 2% Hl=ude b7



FRZA7IA7) A A 6 8 A 3 & 1997. 9

A vERRZlS 242 &Y AR BAE v
W Rolth, vl=wde] 4848 $42 &Y HAY] 2
A deded ol Hlsuie] Aelde] wret AR 2

20

clamping load ( kgf )

Bead depth ( mm ) -

Fig. 2 Relations between bead radii and clam-
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Fig. 3 Relations between bead radii and clam-
ping load(clamping stage, bead radius=5mm)
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drawing load(drawing stage, bead dep-
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Fig. 13 Increase in effective strain across the
bead w.r.t bead radius(bead depth =
4.8mm, ¢ =0.05)
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Fig. 15 Increase in effective strain across the
bead w.r.t friction coeffecients(bead
radius=5mm, bead depth=4.8mm)
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