“mseinnsussgndlgnsedadmiunseurunisaniugy”

Tne
BYINT MUV

aduayuaulszanalagy
LMINEaTAlUladsvIIRasULNAUNS
YsgaUauussuned 2562



Investigation of draw-bead application
in deep-drawing process

By
Wiriyakorn Phanitwong

Granted by
Rajamangala University of Technology Rattanakosin
Fiscal year 2019



AnANIIUYISNA

nuiteatudl lisuanmdaiiennyaainsaisluamine domalulad s1vusaa
SoulndunsuazymainsainadnsnteuentunisliAusny AuugdiwaznIseuIsauazaInly
n13UfURO a. as.giied Andusnuna 81915dusedamglmnIsuaans A1n3yn3aingsy
isesilouasTan Bidsnwuayduugihlunsihauide

NMAFBIUUsEINURUIIeld Usednd wa. 2562 (C-30/2562) unninendomaluladsny
wnanilnduns Hedunlunmsiinuide uesdeiloanuiildlumsufiReu uay nuiau
#nenmlunsieidevesenansdqulmi U 2562 (MRG6280205) 1dunuidefivieiaialunis
yhanAdvatuildimuauysdinniy

yeveuAuUITEAanimufilinnueuazinislfiaTesdnsuazanudiilesiinng
VELER

v o

Finvinlasvereunseaaunglinsaivayulusgegald o lonnadl

F3u1ng Wdvee
FIWAU 2562



UNANEYD

dlaTaMT 1 C-30/2562
Folasams  : msAnwvimsussandldasedadmiunszurunsaintugy
Forin3de : 93, 33805 Wiy

nsrUunsaIndusUnifunsrurunisdusulavsuduiid Ayuasldfunly
PRAMNTIUNITHER LYU Qma’mmim%muumuauﬁ gRannTILAI0snT granmnssunsiu
uaz geavnssudiannseiing founnsosiiAutulunszurunisiifie mafnsessu n1sung
ateastueu msliaduaslnseonvemtistunu rdgmmaiidanacazrililetuanuidl
mmLﬁaqmamn%u&?iaﬁzymma'ﬂﬁLﬁuﬁmmmé’ﬂmzﬂszmum5mﬂeﬁugﬂﬁﬂ Tnuiduviany
duiin nunieandyminanananismnassasuaznissiassaesudeuislnlugied
s msldnsednfadeuunmduazuiudnduiuauduiznmstieudladamily nslwaves
5’amﬁmaf°fus?})umuamﬁwﬁiﬁﬁqf\]véfmmummﬂwamaﬁaﬂﬁaﬁwLamaﬁgﬂ%umu 5U319%09
miaummmiamuwmﬂwa%mamimmmamiwmﬂwamanammﬂmmuamama
Uiyamﬁmwmaamsmﬂmmﬂ ’Lumm%auuummaqmimemmwmawumstsammﬁmq
aqLLaumuQmmﬂmﬁummuwumumamﬂ%maumLLUU Free-form  21nN15ANYINUI
mmaaammsmwLLa“mmaamUﬂumﬂdwaasﬁumuﬁ ﬂmmwmaq%umuﬁlﬁﬁqam"]mi
1miaumwummmu muummmsaﬂﬁuaﬂ@ﬂfumaumqu Free-form fuamuiifiaay
Fudouiloiinannm uay gATiBansvestuals

Adfey : NszUIUMIAINTUgUan; asele; nsundas; mslaatn; mslivesn; sudeuisin
Tudiediand

E-mail Address : wiriyakorn pha@rmutr.ac.th
seaglalAsenIs 1 e@nAu 2561 - 30 AuE1EY 2562



Abstract

Code of project : C-30/2562
Project name : Investigation of draw-bead application in deep-drawing process
Researcher name : Wiriyakorn Phanitwong Ph.d.

Deep drawing is a significant metal forming process used in the many sheet-
metal forming industries such as automotive industry, household utensil industry,
aviation industry and electrical industry. The defects of wrinkle, material thinning,
and concave/convex feature are main problems to obstacle the increases in quality
of deep-drawn parts. Many past researches were carried out to investigate these
defects as well as to increase in quality of deep-drawn parts via experiments and
numerical analysis. Absolutely, draw bead is a rib-like projection and it is usually
mounted on either the die or the blank holder. It acts as a material flow barrier and
controls the smooth material flow into the die cavity and over the punch of a draw
die. Therefore, the use of traditional draw-bead shape is difficult and limited to
control the material flow into die cavity and achieve the high quality of deep-drawn
parts. In the present research, to increase the quality of deep-drawn parts by
decreasing in material thinning and concave / convex feature, the free-form draw-
bead is proposed. As the results, in terms of material thinning and concave / convex
feature, they showed that the quality of deep-drawn parts obtained by using free-
form draw-bead is better than that obtained by using traditional draw-bead.
Therefore, to increase in the quality of deep-drawn parts, the free-form draw-bead
should be recommended to apply in deep-drawing process especially for

complicated shape parts and difficult —to-form materials.

Keywords: Deep drawing process; Draw bead; Thinning; Concave; Convex; Finite
element method

E-mail Address : wiriyakorn.pha@rmutr.ac.th
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thnafildannmsuilonuudiassauldnaiiige uusuuifuifiniaelddouls
e
1.6 %ugﬂ%mm
yhnsvadeuHareInsUTuLAwiRisoteuluildinnnmsairsuvudians Tagnns
yaaoUTugUT UL
1.7 WIgUWEURANISNARBINUNAINKUUTIABY
ynsiUFeuifisunavosnistusUresuifiuiaiimdsanninissuuifunaues
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2 Yaquastuauitlilumvaaes

2.1 Tmdnueiu SUS 304 aus1nsgiu JIS wwn 0.7 mm  cold roll steel

dunaunaed

%C (A15UDU) = 0.08 max
%Mn (Lusn1a) = 2.0
%Si (@anau) = 0.75

%P (Waawa) = 0.045
%S (Farun) = 0.03

%Cr (lAsulen) = 18.20
%Ni (fnLNa) = 10.5

%N (lulmsiaw) = 0.1

AANUANNG

Tensile Strength 520 MPa
Compression Strength 210 MPa
Proof stress 0.2% 210 MPa
Elongation A5 45%

Hardness Rockwell B 92

AANUANIINIEA TN

Density8.00 g/cm3

Melting Point 1400-1450 °c

Modulus of Elasticity 193 Gpa

Electrical Resistivity 0.072 x 10° Q.m
Thermal Conductivity 16.2 W/m.K at 100 °c
Thermal Expansion 17.2 x 10°/K at 100 °c

-
3 ndesilefldlunmaass

3.1n59aeslnludiodiuud
- gorwslusunsumslwludediuug Alrair Hyperform
- paufiunos Notebook dufinmandhdwiolud
neUTEINANANATS Duo T2250 1.7 GHz
NIYANUTINAN 512 MB
NSALERING 3 3R Geforce Go 7300
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3.2 MINAQeN
-wiaiannTugUlaneusu

n) Wug 7) Al

A)  HUNATUIIY
4 ra i g 1
A 20 usiiwnlglunisandugulavsuniy

\a3adlelasinad (Hydraulic Press)

< = a = &
A 21 wpseslalasanwaanldlunisainiugy
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-LATDINAABULTIAY (Universal Tensile Testing) U1a 5 Ton

o .:4' = X . .
NINN 22 LATDINAADULIIAY (Universal Tensile Testing)

- 9117 Specimen 71tlun13NAARULIIFY No.5 mutInsgIu JIS

o . '
2INA 23 Specimen lglunsvageay

4 fumeunmeseumAAMANTRYE TR
4.1 PAOUMAIAINNLTIILIITAR)
- ANIULAUATIN O
- LATUNAAIWDIANNASEALTS N
- FwlsrAvianuudevestan K
- INTIEIUAMULAIYANANERAN Ry,

4.2 MINAFOUAIULTINTIVINF VDI IE0)
SRTIEIUANULTINAFANTANIG 0 BIFLUIZA 1o
SRTEIUANULTINAERN TN 45 DIFUUITA 145
SRTEIUANLLTAERANTIANIE 90 BIAILUITA e
Dndutiges v
-Angalunaavasian
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5 Jupaulumsviuuudiasslnludiediuud
5.1 JUABUNITYULUUTUINULAL LUNLN

PN Y ULUUTUULALLURUNA8TUSHNSY Cimatron E Tvllvuiananing 24
F9vns Export Rfiusudulud 1GS wisldlunisvieusauiu Alrair Hyperform

< o & A cdg w & .
NN 24 ﬂ’]@’s’ﬁ/iaEJlILLEWLL&JW&JWﬁIWJﬂﬁﬁWﬂ‘UUgIﬂUIUiLLﬂ'ilI Cimatron E

5.2 adauvuaedulsunsy Tunuuasisifuiuasiinissiaes

~ 3 Import Aldanduneuwsnadulusunsa Alrair Hyperform

- AmusnuauTRvesTaguariuysinenfifianuieidedlunsaiauuudiassuas
vhmsuszsnanailensuavnnisifadymudn azvinsuiudgudlaluene annbeuly
n39ugU udrieinisdraelnludiodiumd niouisiiaszinaiiindu uagvirsnauld

FUNUMUADINT
W
LHN AT

ANEILs

] b 3 & #
AR 25 Nsasuuiiassnisandugdlulusunsy Alrair Hyperform
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Reaulrlun1sdnaeanisaindugy fuandlunisiei 6

4 { o o 6 a 6
15199 6 Ans1svanaululunisinassnisintaeluswnsumalnludiedius

SFdivo AU

SAdwuT 4.3 mm, Sl 5 mm

LSINABNUIUIATUITY

3 MPa

Tanldvinisdnaes

wiannanlsaty (SUS304),
t=0.7mm, O,672.08 MPa,
Elongation 47.2%

0.35

AUNITAIVANNGANTINDINAFNANT O - 1381€
wanaauasds (Young’s modulus) 190 GPa
on31d1utI993 (Possion ratio) 0.34
miLﬂﬁaugULwamaaﬂ (R value) 0°:1.005, 45°:0.685, ez 90°:1.409
ATINAN RIS
sUT1v0enseakuUNIATEY Wy, =5 mm Wy =5 mm
Hyp =4 mm Hy =4 mm

Rdb =25 mm Rdb =25 mm

sUs19v09n50UAWUY Free-form

Wegp = 5 mm Wep = 5 mm

Hepo = 8 mm Hepr = 0.5 mm

Rfde =13 mm Rfdb] =15 mm

— A —
_}_ | f
B — B

edb — 70D Gdb = 700
Section B-B
jUs1vesnseidanuutnTgIu
A 1
/_Rdb _\
Section A-A . L
Rt s, Rz <« AR

P— T
|« >|
-T— jUstvemseiinuuy Free-form
H, H,
A b1 1 b2
L 1
I Lo I | |
I

4 o &
NINN 26 LUUINADILASVUIAYDINTDIUNA
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aoanstusUifienisfinmuazmanvaniniatymdensldliludieduuiiinimesos
Wisuifleunanssraedlnilufiodiuns mnuanasgeaieiivsrauaudisalunisaniugy
yosduy drazthdeulafiuiusudloudi s muelunauaganmiteulefivanea
ﬁm%’umsﬁugﬂsﬁumuﬁq

7. vinnsudluwiRuilazyinntsneasUssuliisunariuuuudiassinlusiofuud
thiaa1nns aauuusaesulddeulafifinnumnzauiunistugufuamuudaly

VTwmiU%"ULLﬁLLﬂﬁmﬁﬁiiﬂumiﬁugUmEﬂéfﬁauimamﬁ’uﬁ wagyin1snageunaniIsusuLA
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]
uni 4
HaNIde/Han1TIATIEiveYya

1. namIAgaUAMANUANINaYeLTEn
PNMIAFsUMANaNTANINavasiaglarzuny SUS 304 w1 0.7 mmegns
VAAOUNITAY NanIaaeUdan dslinaauiRnianansdl

- ANUFURUSTENINANUAY — AULATEATI o =1381£%*
- AUNRUILUY 6.80e-05
- lupdavesds 191e+05  N/m’
- onsdutigues 0.34
- ANUAUENER 672.08 MPa
- ANULAUATIN 283.28 MPa
- INTIEIUANLLASYANANERN

WusA 0 9961 1.005

WuIsA 45 99617 0.685

WudA 90  89A0 1.409

2. wamsﬁnmmsifnamms?]'ugﬂﬁ"atﬁ.ﬂil,miu Alrair Hyperform

S lunszuaunsantuguinieuudladonslinsedn feuseitaduiifivaely
nsvgaensivavesiilotanlvidias lufunuiifisusrsdudeu asetnasiiviniivinlinislua
ﬁuaﬁammﬁuiauﬁﬁfqL“flumiam{]f,y‘mm'ﬂﬂ'waqmﬁq%umul,wimmmmﬁié’ﬂzmﬂaﬂ asaln
wuusnasgutaandlunmil 26 sUwesnseln fanugavindunasnaiueIusnnslua
yosvaquinzavestuuianumildvifuiuandufuifdudounsaiosnnan
5‘1/1%%%&ﬂmﬁmﬁﬁﬁﬁuaajﬁuﬁﬂwwa (Anisotropic) MAntulunszuaIunsIalanzusiutuLes
MnweRadanaidldimuguasedaliaonadesiusUiuasransenuiiiniy

2.1 mslvavasian
A7 27 kanIN1sraINRaIINN1TIaestuk U UTIUeInTe UnkuuNInTg 1Y
wansliviuuinanisivavesiagluudazgandvualiwindy uvinamidsiianusilunis
InavesTanuinninuinnialivesian wazusnamsinasveantsasdnnusalunsivauin
Ngataudintzfuntdnss uandunind 27(a-1) wansnsinaludiundsuauiug way
- v o & % a a = 1 < v o
A 27(b-1)  wansn1sinalusuniaguauaiuen wasivsunaundusgraiuladaly
a = v e = = = % o &
JEYNIARBUNVEIUITILINAY wanslunIng 27(a-2) wag i 27(a-3) Tuaunidaguau
AU wag NN 27(b-2) waz Awil 27(b-3) Tuiukaguausuens Wesunisivanu
duiuiueafssegnsiedouiiifeaiuasiind niladusudiueniaziinisinavesian
UINNTWEITUUAUEY wanslunInd 27(a) - 27(b) auasu
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LYLNNT
LAdOUN vy . e
o . NUSTUIUATURY NUSPUIIUATUED
YDINUY
(mm)
35 -
a-1 b-1
40 i
i IR
a-2 b-2
;;llll;,'illﬁt'uuu !
Hi . ;! {11 Bl I‘TH'”
45 ”.'|f,'.HF {1 it ‘r:,‘ffk i
a3 b-3

]| ——

Ol > S [CF STONMROV NN g SH ] S410 | 1370
AnuSIuNsAdeuiivesian

o .
WA 27 uanen1sivavesgusnnsedaiuuingu

(Wy =5 mm, Hy =4 mm, Ry =25 mm)

= ° ] =
A9 28 wansn1sinaanuaannIsItaediuluusUstvensednuuy Free-form
wansliiudsunanisivavestanluiazgeddiounldviiy usandsasiauialunis
InavesTanuinninusnnsalivesias uazusiamnsinanvemiasianuslunisiveun
Ngataudintazdundinss wandunind 28(@-1) waninsinaluiuniaiuauaugy uag
- v o & % a a = | & Yo
A 28(b-1)  wanen1sinalusurdaduanuaiueny waslivsinaenniuegiaiuladaly
= ™ o e & P ™ Y Y
srgrn1siAfeUNveIiuiiuINIY uwandlun1nil 28(a-2) uag i 28(a-3) TuAuniaduay
AU WAz NN 28(b-2) uag A Wil 28(b-3) Tuiukiaguausuens Weeunisivaniu
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duiudugnifiszegnisnfeuiiiiiuas Wind waduaudueaziinisivavesan

o

inniETiueugudu uanddunind 28() - 28(0b) auddu yedAgyfenisivanlad
Uinaditesaadlodisuiusuisvesnsedauuuinnsgiu

LYLNT
LAADUT v .z A
o e WUV U UATUFU NUIVUITUATUYD
VBDINUY
(mm)
T
35
a-1 b-1
40
a-2 b-2
45 1|il!;‘umml_fﬂﬁiﬁmﬁnn\ﬁhh_ : @ ”
----- Ay
a-3 b-3

|| —

6.0 6 B30 —a1) “AZFIE LN JA0/ §3.4
anusIunsadeuiivesian

o .
AN 28 uanan1slvavresguTsvednseldauuy Free-form

(Wfdb =5mm, Hfdb] =05 mm, Hfde =8 mm, Rfdb] = 1.5 mm, Rfdbz =13 mm, edb = 70°)

2.2 ANLAUYRLTER

AW 29 uanIANLLALAINNAIINNTTIRssluLUUFUSITBIRsedaLUUL MY
wandlidiuauduresanluusaranidowaliviiy vinaiduduesedunuasdan
AranduRsfinnnindude Turaesfivsnmmeesiunuasdaaududnnnnimi
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Wuits vshadeiivineney wandunmit 29(a-1) uansmauduluduniduanugiug

wazamil 29(b-1) wanararanduluduadsunudiuen uidetaglvaiuiaiuinaied
W& Tunuariiruduinfiunpasnied sy LLazfﬂzmﬂﬁqm%v’a’mumm%umu Fadu
nau1anNsvadifisnvestunuuinmy weilvinunniuesaiulddnluszesnns
apuive LUt uanslunIng 29(a-2) war amd 29(a-3) luguntieususudu
wag A A 29(b-2) uag AA 29(0-3) luduriliusudiue oo uanudusuduty
Fugafiszernsideuiioaiuazifiuin nfsdunuiuduagldfunansenuanauiiy
Uinaspwesdaiinnniwlsiuen Suhlidanududadsnioondn wanslunmil 296) -

29(b) MIUAIAU

S28ENNg
LAABUT o Ry o2 Y
L. T UIUA U NATUIUAIUL
YDINUD
(mm)
35
a-1 b-1
iy
a0
a-2 b-2
a5
a-3 b-3

||| p——

0 9 8 7 6 5 4 3 2 10D
mmmﬁumaﬁumu

A Y 1 IS
NN 29 LLﬂﬂ\iﬂ’ﬂﬂJLﬂU’Jﬁ@“UE]\TEU‘ﬁNﬂ’iE]UﬂLL‘U‘U&J’W)?E’]U

(de =5mm, Hyp=4mm, Ry =25 mm)
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A7 30 waRsAAALIINRAT NS aRsluLUUIUweIRsedauUY Free-form
wansliifunuduvesiagluudazgaidouialndidssiuuinnitnsedanuuuinsgiu
vinududiunswosiunuagiidanududiinnniaudusn lunasiivnugures
Furusdaamududnnnniaudui Winasaiuinaed uandunind 30@-1) wans
Al uf kT ud

SYYLANS
LARBUT L Vave o Y
o . NI NUA UL NTITUITUA UL
YDINULY
(mm)
Y S
35
a-1 b-1
a0
45
a-3 b-3

| ] ——

0 9 8 7 6 5 4 3 2 1x0)
mmmﬁwaq%mm
4 ¥ %3 1 =
AN 30 LAAIANULAUIAAVDIFUITNVOINTOUALUY Free-form

(M/fdb =5 mm, Hfdb] =0.5mm, Hfde =8 mm, Rfdb] = 1.5 mm, Rfdb2= 1.3 mm, edb = 700)
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waznmd 300-1) uanseaaniiluduntdunudiuen widetaglwatusadunemen
1 Funuardienudufinfinnaaeaietuny wazazaniianuiinyueesiuny dadu
wamanmsinadafienvestuauuinugy wedvinamnniesaiulidalusseenis
Lﬂﬁauﬁmaaﬁu%ﬁmﬂfﬁu LLaqumwﬁ 30(a-2) wag Nl 30(a- 3) ELuﬁmmﬁfq‘??umuéffmgu
oy mww 30(0-2) uae mww 30(b-3) Tugunisdusudiuen doifisueudududusy
Frusmifiszernnndeuiideatuasiiiudy adsiunududuagldunan senuainanudu
Uinamuesiafinnniwlsiuen Jehlimenduddiidesndy wandunimi 30@) -
30(b) muary

2.3 ANUNUN

A7 31 uaRIAITUITsTLLAINNTsSaesluluUFUTTeIATeTaLUY
1AsgIu LesnUTamsinavesianluudaggaifivualiviniu Tnglanzuinumves
JunuiifuiinunsinavestaniitiosSehlitumuuinum fanuuseeutanndediou
fuwisiunssweatuny uandlunini 31(a-1) uansanumuivesdunududy uaznmd
31(b-1) WLAAIATIVLITEITUNUEUAE U TN AN Tueg Ul ddelussazn TR aud
yosutiiundy wandlunmil 31a-2) uaz nwdl 31(a-3) lusunilsduanudiudu wag nm
7l 31(b-2) war 7l 31(b-3) Tuduslidunuduen Weifsuaramududusuduenad
srevmadouiifiortuaniiui nlduanuiuenasd amumvesfasunnniuilsduny
drudu wanslunmdl 31) - 31b) swddU ad 32 uaRsuMINITIAANTILYEY
Jueu uwaznmil 33 uansnsmiieudisuanumuiveinsedauuumnsgiutunsedanuy
Free-form uandl¥iufisannumunueen1stuguiuy Free-form  SAMUMLANINATIUUY

UINTZT U
A LA K]
a q‘
LARDUN o Al o & S
. |3 NUSTUIUATUFU NUSTUIIUAIUY
VDINUY
(mm)
anm iy —— A
35
a-1 b-1
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SYYLNNS
LARDUT o . 2 o2 9
L. NI UINUA1UF U NUSTUIUAUE
YDIWULY
(mm)
m m‘
a0
a-2 b-2
a5
a-3

b-3
= ||| | ——

0.7 0.67 0.64 0.61 058 0.55 052 049 046 0.43 (mm)
AUNUIVDITUIIU

o )
MR 31 uann1slvavesgusnnsedaiuuiinggu

(W =5 mm, Hy = & mm, Ry = 2.5 mm)

AUY

T 123, 151617
AN 32 FILNUINITINAUAUIVBITUINY
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ANNUHUT /mm

ree form
WINTIIU Free fi

0-50-

21 <18 <15 <12 99 6 3 0 3 6 9 12 15 18 21
AUNUINTIA

(@) AL

ANUHUT /mm

a1 @nll=wFree form
o

O

8 <15 12 9 6 3 0 3 6 9 12 15 18
MUMUINIIn

b) AUFU
A =1 a a U =
A 33 wansnslSeuliisuanuvunvensedanuuinsguiuasedaiuy Free-form

AWl 30 uansAITUIYeTUILAINNTSaeduLUUTU eI ATETALUY Free-
form azifudmsmuvesiagiiianiinsldasedauuuinnsgiu esainuiinums
Inavesianluudazgaiiduunlsivifugnaiuaunisivald@tusinasedauuy Free-form
Tnslomgudnnuumestunuiiiuiinunsivavesanditios Jeinlviduanuuiinmgm fannu
yroutannidiedisufunsiunsswesiumy wanslunnd 34(-1) LanIAUIUITDS
Furrudiudu uaznmil 3a(b-1) wuananuVITesTuUEIWAEiTUT AN T ULy
liFalussarnaiadeufivesiudiiunndu uandlunind 34(-2) uag nmil 30@-3) Tudu
pifsfusududy way il 34(b-2) waz amil 3a(b-3) ludussdusudiuen defey
amududufudugiisresmaedeuiiieatuasifiuil mdstunuduenaedai
munvasfagunnnimiiaiunuiiudy uanduninil 34G) - 34(b) sy
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WYTNIT

LARDUT o 2 . & o2 9

L. NJATUINUA U NATUIUAIULND
YDINULY
(mm)

A -
35

40

a-2 | b-2
45 wWiNe 1

a-3 b-3

]| [ ——

0.7 067 0.64 0.61 058 055 052 0.49 046 0.43 (mm)
ANURUIVDITUITY

o = A ¥
HINN 34 LLammmmwumwaqgﬂiwﬂuaama‘umLLUU Free-form

(M/fdb = 5 mm, Hfdb] — 05 mm s Hfde =. 8 mm, Rfdb] = ].5 mm, Rfde = 13 mm, edb = 700)

3. llgunamvnaes
= =i o 1 = Y '
AN 36 Uaz AT 37 uansiIegINITaINTugUTIlaanNn1AaeuUIUIeYes
aselnuuuNInIgIukasasalniuy Freeform aua1du MswWisuiisunumnunlaein
N3EUIUNTAINTNIUANElAdINIIRaeIkazLsIInn1sTIaeslialndiAeeiy da1ay
WANANSHANAIAUTEUIUIINNITINRDIUALNITNARDIUTLUN 2.8% UARININTT 38
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ANH 36 TUUNLATEUALUU Free-form
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AN /mm

DODOOD

NDNW RO
[oNoRoNo)

o
4*;;4%&9_*“” IaV Vo]

-21-18-15-12 9 6 -3 0 3 6 9 12 15 18 21
Auuanedn

D
D
D

(@) AL

Rasessce SN

I*n TATAES

-18 -15 ‘12 9 6 -3 0 3 6 9 12 15 18

Auntangdn

o)

[0}
(en]

Avmmuy /mm

(o sRoRoNo o]
O NWBO

[ NoNoNoNoNol

*_ﬂ 1INAR

]

b) AUFU
a = P = P
AT 37 BARINISIUS U UAINLNUIYD9RS TALUUASBUALUU Free-form
1NN1FINADIALNITNAAD
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Wsunsuildlunsadrawuusasmallufiedwudiuiuin Wushudsnilefifauddalu
M3l uenaniiduvestoyaiinsthanlflulusunsudy fesdiarlndifsstunudy
wdlildanndian idludosmwesnuandivestanfldfonihnmamasouiiiomean auaudhtug
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Usuwiledueged
MnHaMIMAaeINTUSUUTiaL e inUs AnB awvasnsnanlasnnsandaym
mMsunasiinanmsivasuesd s ndmAsLauaanTsas s inadlfiindd
drudu Fenisiaks aselnuuy Free-form ununislémsedauuuinasgiuasuuusifu Tne
nsudtlgil TefinnstenBmadludiedundidinntaglunssiasnistuguuagiins
Uuugsdoulusie domdeulaiifinruumngauiunstusudunu Tasndsannldvins
naaenfioUsusiulsaestymiunda 39l¢ hdeulaiildainnisasieuuusiasdluinnis
Usuufusifania3e Ssmamsmaaeu WeFeuiisunanissiunsannisaianuudiaes
wduldd deisvhmsiadafe asadauuu Freeform asluuifissiuda naainnisadns
wuuaesy Funufaanisuasesvnudneieiudusasdiu Fusagdunnainnis
deueumuvestua sarluduredunuitliannisiiteulyluyhmsusuususifu
WUt Susuildvdinnanaaeuiuguisnanisivasvestunuludiunsaiidias wagyin
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voalyyiuansnsolinaiifimnalndifeatunistusuass
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1. mameuntunusudululusunsy Alair Hyperform uiiisanisaatuedile
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Hyperform §ailmnuaaimadou osanauaiusaves Tusunsudsliannsafiazyinig
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Abstract: Deep drawing ic a significant metal forming process used in the many
sheet-metal forming industries such as automotive industry, household utensil industry,
aviation industry and electrical industry. The defects of wrinkle, material thinning, and
concave/convex feature are main problems to obstacle the increases in quality of
deep-drawn parts. Many past researches were carried out to investigate these defects as
well as to increase in quality of deep-drawn parts via experiments and numerical analysis.
Absolutely, draw bead 15 a rib-like projection and it 15 usually mounted on either the die or
the blank holder. It acts as a material flow barrier and controls the smooth material flow
into the die cavity and over the punch of a draw die. Therefore, the use of traditional
draw-bead shape 1s difficult and limited to control the material flow into die cavity and
achieve the high quality of deep-drawn parts. In the present research, to increase the
quality of deep-drawn parts by decreasing in material thinming, the free-form draw-bead
15 proposed. As the results, in terms of material thinning, they showed that the quality of
deep-drawn parts obtained by using free-form draw-bead is better than that obtained by
using traditional draw-bead. Therefore, to increase in the quality of deep-drawn parts, the
free-form draw-bead should be recommended to apply in deep-drawing process especially
for complicated shape parts and difficult -to-form materials.

Keywords: Deep drawing: Draw bead: Thinning: Conecave: Convex: Finite element method

1. Introduction

The complicate geometry of deep drawn part 15
increasingly required. The high dimension precision
is required resulted in the severe formability and

2. FEM-simulation procedure

The rectangular deep-drawn part is used as an
examined model and the difficult-to-form material of

defect occurrences. In the past researches, they
investigated effects of draw-bead characteristics in
rectangular deep drawing parts. The result showed
the occurrences of concave wall feature and wall
thinning [1]. Some researches were performed fo
investigate the effects of draw-dead on the quality of
deep-drawn parts and the developments of
draw-bead were proposed [2-3]. However, in the
past researches, the traditional draw-bead shape was
investigated such as round bead. wvee bead. and
angular bead [2-4]. In addition, in the past
researches, the draw bead shape and draw bead
posifion were also investigated and developed to
control the inner winkling during hydrodynamic
deep drawing [5] and the automated design of
draw-bead was also proposed and applied m deep

drawing process. [6].

stainless steel grade 304 (SUS304. JIS) with a
thickness of 0.7 mm which was shown in Table 1 is
used as workpiece material Figure 1 shows the
simulation model and detail of draw-bead parameter.
The commercial finite element analysis code,
HyperForm. is used as a tool to examine the material
thinning.
Section B-8

Conventional Draw bead
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Fig. 1 FEM simulation model and details of
draw-bead parameters.
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Tool radius

Punch radms 4.3 mm. Die

radms 5 mum
Blank holder force | 3 MPa
Stainless steel (SUS304),
Sheet material t=0.7mm &, 672.08 MPa,
Elongation 47.2%
Constitutive o= 1381
equation
Young's modulus | 190 GPa
Possion ratio 0.34
Plastic strain ratio | 0¢:1.005, 45::0.685, and
(R value) 00-:1.409
center side
Conventional Wp=5mm Wy =5 mm
draw-bead Hp=4mm Hp=4 mm
geoﬂrn-y' R@=25mm Rﬂ=2_5mm
Free form | Wi =3 mm Wp = 5 mm
[ H =8 mm Hop, =05 mm
draw-bead 'R T3mm | Ry =15mm
geometry B = 70° 8= 70"

3. Results and discussion

Figure 2 shows position of the measured point on
the sectioned deep drawing part with reference to the
material thickness. With the final punch stroke,
Figure 3(a) and (b) show the comparison of material
thickness on length and width sides, respectively, in
the cases of conventional draw-bead geometry and
free-form draw-bead As these results shown they
could be explained that, in the case of conventional
draw-bead the material thinning in the case of
free-form draw-bead was smaller than that in the

Width sids

b fo el

Fig 2 Nlustration of measured points.

G780

.60

Thickness fmm

BL55
—t—(nnwntionall W= Free farm
050
21-18-15-12 9 6 3 0O 3

Measured points

() Length side

6 9 12 15 18 M

case of conventional draw-bead as show m figure 3.
Therefore, the material thinning could be
prevented by the free from draw bead application.

4. Summary

Base on the material thinning distribution
analysis, by using free-form draw-bead, the matenial
thinning could be reduced.
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Fig. 3 Comparison of material thickness between conventional and free form draw bead.
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