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Thesis Title A Study of Influence Die Radius on Rectangular Cup Deep Draw

for High Strength Steel for Automobile Structural with Finite
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ABSTRACT

This research is to study the influence of die radius on the deep drawing square cup for
high strength steel for automobile structural focusing on the flowing behavior of the material in each
die radius affecting the effectiveness of the deep drawing. In this simulation, Dynaform version 5.6
finite element software used deep drawing square cup,

This simulation determine the dimension of 60 mm in width, 60 mm in length and 30 mm
in depth and 10 mm wing width compared the material of automobile structural steel 4 kinds
including SPCC (JIS) SAPH440 (JIS) SPFC590 (JIS) and JSC980Y (JIS) 1.4 mm thickness at 6, 8,
10, and 12 mm die radius and 10 mm punch angle radius and 10 mm punch shoulder radius.

The results of finite element simulation compare with the results of experiment. SPCC
and SAPH440 were found that the 4 kinds of die radius were able to form the deep drawing. The
punch force using in deep drawing was at the low level and the thickness of the work pieces was
changed at the low level at the 12mm die radius and offered the best result in forming the work
piece to the mold without cracked. The punch force using in deep drawing reduced when using
bigger die radius and it was likely to form the deep drawing of the work piece well and the work
piece could flow well without wrinkle while the punch force in deep drawing was used more at the
smaller size of die radius. The accuracy 97% of finite element method simulation compared with the
actual experiment. After that, simulation by change material to high strength steel grade SPFC590
(JIS) and JSC980Y (JIS). Results of finite element simulation high strength steel grade SPFC590
(JIS) were able to form the deep drawing all of die radius, but high strength steel grade JSC980Y
(JIS) were able to form the deep drawing more at 10 mm die radius. Therefore, the results of the
simulation were accurate and reliable enough to be used for analyzing the experimental results of
the simulation before the actual experiment.

Keywords: deep drawing, finite element, carbon steel, high strength steel
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We F, G, H, L, M wag N asmasdadgauaasnauaauonlolansellndunadn 81
y I 4 Aa 1 @
F=G=H way L=M=N=3F Haajlauilunanvesvlouilise Aaidi F, G uag H a1130
Aa { A a 3
Usziuldnnmsnaaeunsd Tagnnarsanmsnaaey luneania x uazld xduaiududs

ATTMNUVMUSAIIN

o =X (2.17)



k4
v @

A Y
JUU INTUNITN 2.16 ﬁ]zllﬂ

(G+H)X =1

AT
- (G+H)

Tusiheudediu 81 v uaz Z Aeanududansinluiania y uay -

X’= ;
G+H
Yy’ = !
H+F
= 1
F+G

&4 9 Y o v = A
LiJfJLLﬂmJﬂTiW'i’i]iJﬂ‘Lﬁ]%llﬂﬁiJﬂTﬂl 2.24-2.26 A9

1 1 1
2F: Y2+7 X2
—1 — 1
Wty Ty
1 1 1

2H= —+—+—

10

(2.18)

(2.19)

(2.20)

(2.21)

(2.22)

(2.23)

(2.24)

(2.25)

(2.26)
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TunsalvesTanzunuia Z l1§?])EJ”IT‘I ANIA L Muas N ﬁ”lll”lif]?i”lllgllﬁ]”lﬂﬂﬁﬂﬂﬁﬂ‘]_l

e

[

A 9
MU NM3 Inaamsonl laaail

(2.27)

e flo,) feflsidunisnsin AF1dTuTaquenlelynsetinuas leTamsedln) m

o & = Y
pyWusvesaumsn 2.27 langms lva

de =dA H(a -0 )+G(a -0 )}dg =de =dAlzt (2.28)
X i x oy x z yx zy yz

de =dJ F(a -0 j+H(a -0 ﬂds =de  =dlz (2.29)
% | \\Wxs Ry X zx Xz zx

de :dﬂ{H(a —0 )—#G(a =0 )}% =de =dAlt (2.30)
X R z X[ Txy Tx xy

[} o =) A Y =) J
msvng lnadmsvanunseamou de ., de waz de,, A0uAgUNAUNNITAIIN

Tuaumsfi 2.16 vl e lintivesnnudunouisng dsaunish 2.31
2 2 2 2 7/ ?)
L(Tyz +sz)+M(fzx+sz)+ N(Txyﬂyx) (2.31)

a qsxl [ R o (2 7 A 1
fngiundreuiutdesszili ldnaansnlihildfe de =2-diLr, uaz
de, =0 dunaiaumsi 229 fe de, +de, +de. =0 1aA91TMATAIAINTVUING
= a a g & ! ~
nagoumMIAslunama x dnaTanilaazunui o, = X, o, =0, =0 luaumsi 2.28 - 230

22 18AMUAT oA FIaNNTN 2.32 — 2.34

de, =dA(H + G)X (2.32)
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de, =—dA(H)X (2.33)

y

de. =—dA(G)X (2.34)

H109INBA A IUANUAT sAdIMT UM INATaUMIA luNAN1 x Hen'ldn

dgy
R=R,=|— (2.35)

R= (2.36)

H
G
lutweudeanu dewld =R, Avdasidrunnuaiealuianiaunu Y Tagh P=

de,/de, o o, =Y uag o, = o, =00naunsn2.29 14

P=

H
— 2.37
- (2.37)

a

2.1.5 wanadanuew lelensell (Plastic Anisotropy)

v v
A o o I

=& o Y =] wa a a\ SA A
aungndagnigadsi i langliauautianaradnuoulo Tanseilnnaonianig

q

a A d A dy s dal S Y a a
Gllf]\ilﬂiuﬂﬁ‘ﬂ'N“VIHJ‘Hulﬂﬁﬁﬂlu@ﬂl@ﬂgﬂWaﬂ“WWGJJ'L!'lelluGluWiaﬂa'Julﬂﬂﬁ]’lﬂﬂ’lﬁﬁuu“ll@\ulﬁﬂﬂcﬁ

' = a A a a A Qy
Tunsusgrinamsnlasugil Tesnsadalisen1sniu (Twining) woanssumsasugive sy
= A J [ @ (= A Yo = a
nadoumsasiiuniunoy Aaseninainurusa e ldsuusealunuiuny aunsainans
Y a Y = Qy Ao o v A
asn lamwiz Tasmsaad luszuuanudunssdensinvesFunadouiaaiiyu 6 duid
= 1 ) @ 1 a -2 < a a
namsialundsdunumnin maagiledredanarininiaqiuleTenseln anudanainers
a dg’ Yy o =< = & =< Y a I a
navuldoriaanuasnisalunnyiegaiuwaninnnmsa mneamailugaund anumun
_— a4 v = N o g9 y 2
lunlasundasmsenlasuuasiesun msizmstalunueniinaiildanuneFunadeon

anay [3]
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a saA A 1 = a A A a
W lmes NNy Tominednsiaiu R veInNUIATIANATANIID w 1ag £ AD NIANIS
4 9
ANUNALAZANUHUIVBIFUNATOUMIAY ALTU &, = In(w/w, ) uaz & =In(t/1,) §5

Yo lolamsoln R=1

R="w="r (2.38)

Rolling

direction

v Y
MNN 2.4 FUNATDUMUNANIINITIA

~ [V 1 = Y1 Aa 1 a3 o 1 s
NN 2.4 Tunisdan R el Bdewnudasiaiuvesnnunisa lunug
4
A g, ApuuanuIAAsealuuuanu & Wuldaunsoialdedaududruuniuug
as/‘ G o Y @ ~ 4 Y
mszaziuauasea luuruinm ldninnisiannuniea lunuiemazuuanielag 14
Ysmasneda ¢ = (g +¢,) tomsiafiuiudr aslsnadaanaslnaeudeeuiniioiion
AuANUNAIN tazmadanadeuNlFian & uaz &, AI5PEHIININLINN
Y 4 1 ' Ed
ynasea R lundsduauanunion mszaziudasauyoInuas oy
1 Y o w 4 a v o 4 a
de, /de, = R M R asilianudnayileld R Usziiiuansdalunaainminsinlelansedln

o <

) Y v A v % o Y @ dy = Y
1IN ANNAINT R uaﬂu@,aﬁﬂwqu E llﬂLLﬂiWHﬂﬁWﬂﬂu@nmu@gﬂNﬂﬂ Uy
4

Y 1
o . 9 [ =

A ] 1 ldddy Yo A A o A I
ﬁm*mwu‘ﬁwugm'lmmumq LLﬁﬂNWHﬁTHﬁTWiUT’BﬂULﬂi’O\‘]NﬂﬁﬂL%QQ@ﬁWﬁﬂiilﬁJu1ﬂmﬂ“]N

a3
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JAf1 E YoHUIoU119A28 Sonic Velocity tazsulverua & 1a Tagindaan R Snualsduaiy
a % 9 [ [ 1 A A e
anumadey 0 uaziinludasquanyuzuoaiag Iaea R masAo R

Ry +2R_. +R,.
4

R= (2.39)

2.1.6 ANMIATAUT (Strain Hardening)

a 3 a 42’ [ A wa ~ Aq ¥ d? < A o Yo
mmmiammqmmuﬂmaﬂmlﬂmfmmmumﬂﬂmmwgﬂwu Lll’f]’Jﬁﬂllﬂi‘]J

a q a

Ed
=

o ] v o Y a = [ =K 9 9 d' 1 a
Lliﬂﬂig‘V]”INiui]‘ﬂﬂ’iTﬂﬁimﬂfl’iLﬂﬂﬂ?]”lllLﬂiﬂﬂﬁ%ﬁlﬂﬂ«m?fﬂlﬂﬁﬂ veelwusanunnInanlu

o g { 1 [ o a d o a a a a
mimldTaqulaeuglse dmsumsinnziiaquuudaaan-naraan lduaasnganssy

9
%

a < Y ~
ANUATYALUIVDIITAAIU

v J '

o 9 ~ [} = A l I
mmmwumzmnmmmuuazmmm58@1114615Nmnﬂa8u§ﬂﬂwqu %z;ﬂuiu

d 4
=2 o

@ a Y a o Y a = 1< [ £ @ dy |
aﬂymmmmumsmmmumaumﬂizwﬁ]wlﬂmﬂﬂmmmiamﬂuaﬂmumwaﬂmimznJu"hJ

MUNHUDIEA (Hook’s Law) [4] AaarunIsN 2.40

oc=F¢ (2.40)

A A 1 Y
o o 9 AMANUAU
= 1 Y] A 1 A @ [V
o f’ﬂillﬂﬁﬁﬂlﬂ\‘lﬂ?WNﬂﬂ‘ﬂQuﬁiﬂiuﬂﬁﬁﬂlﬂ\‘lﬂﬂ
A ! )
g D AANULIATYA

Y
=

o [ 2 [ d‘ 9 a 4 = ] a 3 dy
ﬁTﬁ'3Uﬂﬂ!ﬁhﬂﬂﬂ1ﬂﬂﬁﬂ]ﬂﬁ’)ﬁﬂﬂ1%ﬁluﬂTi’JLﬂ‘i']g‘ViﬂTiﬂQﬂngﬂiH“ﬁ’NWﬁWﬁﬂﬂﬂiﬂu

Wuldamngensids (Power Law) [5] daaunsfi 2.41
o=Ke" (2.41)

v 4
Tagh K feo duilse@nFauA s e (Strength Coefficient)
o v d . .
7 A9 1VINTEIVOIANNIATIALT (Strain-Hardening Exponent)
o) [ T W o w [ Y a &
ﬁ1ﬁ§ﬂﬂ1§]3lﬂ"“8ﬂﬂ1ﬂﬂﬁ§@ﬂ??ﬂlﬂ?ﬂﬂlﬂlﬂ n LLaxﬂmuﬂszmﬂﬁmméjmuﬁ K

annsam 1d lagsimslana log i 1 luaumsenmdedeinldeaunsa ldaunsi 2.42
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logo = nloge + logK (2.42)

2.2 nszmums‘ﬁugmmmiamuvimmzszmummnﬁ’u
Y
ﬂizmumiﬁugmm'eNTamuwuuazﬁzmummgﬁ’u (General Sheet Processes; Plan
= IS = o P
Stress) Tagn1nh 2.5 1HumsnadoumsauduiuIn NIz UIUMITMITSUILANNAY (Plane
= = L. i A o ' ~
Stress) NMINATDUNITAULNUIAYI (Uniaxial Tension) ﬂﬂﬂﬁllﬁﬂﬁﬁ’lf)ﬂﬂﬂlﬂﬁﬂ']'ilﬂﬁﬂuzﬂlm‘u
F = = YA < 2 = q 9 (A =
TCHIUANULAU ﬂﬁﬂ\illﬂulﬂﬁl’JGlWW%Tﬁﬂ!']ﬂﬂlaﬂ‘] Glu%u‘nﬂﬁauGlummﬂmﬂaﬂugﬂuﬂumm
o Q' d' =) 9 = a dy d‘ Y o 1 d'
1’11ﬂ151’1ﬂﬁ’0‘ﬂlill%1ﬂﬂﬁlﬂﬁﬂugﬂﬂﬁzu@ﬁl%u*ﬂﬁEIQEI?I NI UNHINAATE s

Y I 3 1 a ] 4 { A v oA 1%
JidnyuzYeIgAan (Element) Asminuaaziania luiianuadouiineanuiamieaman 1,2, 3

MNA 2.5 Nanananlumsnaaeunsang

v 9 = 9 v a1 g o o t:y [
Tunasanuinulumsnageunisds 2 anuAurdnianugudludnyusFudiu
< ~ ~ T 9 D) N s 4 ) A qszl v A Y a a
@na Masuglannuan 1 uaz 2 hinhdogud anudu 3 Aeasmniuil 1 unanInms
v W ' 1 [ ) ' @ I o
duAasznIAUDNAD Tooling Taena liudaiesniiga Yield vosiag azldilugudlauas
I
191134 Plane Stress Deformation
2.2.1 9ATIAIUANVAULAZANATIA (Stress and Strain Ratios)
1 A J = A <] 1
nanluanuremmizNna1nImsnlasusluesga@any Element lutsazimauyos
8AI1EIUANNIASUA (Strain Ratio, S ) H300AT1@IUANUAY (Stress Ratio, o ) dm5uluau
as . 1 a d’ Y 2 d’ (% d’
7% Proportional AANNIIININAABINGA AININA 2.6
F4 Y 2 1
lundnvesiemetimual o,>0, tagiamansauaamInnUiNuAl e o, =0

anvaizMsnlasugl Asaunsin 2.43 - 2.44
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& & =Pe; & :_(l+ﬂ)€1 (2.43)
o, o,=aoc,; o0,=0 (2.44)
Tensile test Plane stress
0'3 = 0, 03 = 0,
£3=—64/2 e3=—(1+ Pe,
T4, &4 02=0’ Tq, €4 03 = a0y
£2=—£1/2 €2=ﬂ51

MNN 2.6 ﬁmnNwé’ﬂmmmwmﬁ'uuazmmm?sm

— da <
A \R) N\
—» do e— e -
C X3 (CSRXRIR
=
CC XY o )
v v
g LI 4 A
E . ¥ AR =
1 N :
(M) 21naNyu Tanzupy (¥) iielimantasuzinia (A) MIAIT,
Ao oA = < ) A 1o 1 1 Y
vauznda liiaougy wnavzlasuilugiieg NIBUTITINIUADHUIBANUAI

VIAVBIAUHANAD d
HAZVUIALNUTBIAD d.

v 9
NN 2.7 Tupoulumsauiuau [6]

222 maudsugivesTanzuruluszuruanuau (Deformation of Sheet in Plane Stress)
Tuvaghlimsnlasugluuszurunnudu (Plane Stress) #91587 (Work Hardening)
@ £ Y o w J9 9 A o 1 A A [ A o (=)
voeiag Fuditdelszgnd ldnguidadiunsalaougy Tuniwi 2.7 dnvazdaliling
= ~ 9 ] 4 A @ A [ Qall
agunIMnANNN £, VINAFURIUAUENAN d, HTOMTVUIA d, AINTINN 2.7 () Aarin Ty

' { ! g
senimanlasugienanazinlaonlihiilugeG unuues Major Ao 4, 1UANUYDI Minor A0 d,



17

Y (v a4 A Y o a o a g A A A 9 o =
D115 uMINAMAGAAUNANIINANYDINTANNAN NI UAMATNHUAN AININT 2.7 (V)
dauanuvue tawingdl aannd 2.7 (a) anuduini ldaeusiie o, uaz o, (6]

2.2.3 UHUNNANUIATENA (Strain Diagram)

= A a dg, [ ~ [ y a ~
ANUATYARNISIANUNATU AINIWN 2.8 ?Hlﬂiﬂ’Jﬂ]lﬂinﬂﬂiﬂ’NﬂaN‘luﬂ1W°ﬂ 2.7

Blank-
u holder

/ '
Blank '
dgl - = ' ' 9] J G Ay 9
() MIVUTUDINTINTZUBN (V) BPUTIUIDYUDINEY (G WaﬂWﬂﬁWN!ﬂiﬂﬂﬂﬂﬂﬂWﬂ
A v
NIINTSUDALAAIA Msyuzldronsanszuen
a Ao 2
anuAsoaniala

P4
=

M 4 H
MNN 2.8 TUADUNITNAADINIANVIATIAIRNIZJATNNATY

2.2.4 AINNUATEANAN (Principal Strains)

[ 4 H
ANIAS BANANTNATUYAGATIBVOINTZVIUNT AIANNITN 2.45
d t
2 ps lnd—z; & =In— (2.45)

2.2.5 9ATIAIUVDIAINIATEN (Strain Ratio)

a o I [ ] o {
Tagndiduuuinnunon (Strain Path) §anadludadiudunsd daaunsn 2.46

(2.46)
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22.6 ANUIATEANUILAZANINNU (Thickness Strain and Thickness)
= Y [ A 9 =~ @
ANTUNIT 2.45 mmmsa@mllﬂTﬂElmi’mm1uwumsamllﬂmﬂmmmiﬂﬂwaﬂ

(Major Strain) ANNIATEATEY (Minor Strain) Tagliwnsaniamsasunmidsnasai

&y = nt= —(1+B)e, =—(1+ ,B)ln% (2.47)

ZLO 0
VINANMT 2.47 AN Tagna life
t =t,exp(e,) = tyexp[- (1+ p)e, | (2.48)
P R 2 A ja 4o <
NIONUUINNHINNISINGS td,d, =t,d; NMITNAIAIN AeaunIsn 2.49

d,
dle

1S (2.49)

Jd a d
2.3 nqu I ludednua
a 4 2 o 091/ 1w 14 a [ 4
Tumsangnilymiladlaymivig dyuniuvaindseneudlrsaunisFaeyius
A A o Y 1 £ Ay ¥ a u'é’
waz lueulvvouwandmuau ldinamasuiuase (Exact Solution) 71 1415zANgIUNT 22
v
Usznoudrenivesdandsmwdmntieaieg tunugdsidnsuzvesilyrniunionandniie
£ A [] Y 1 1 o ] csyé o [ a vAa
nifoNamasuaI19z5ENouAIBAIRIY SIINININaEUNEId s Ul lunal §ia
qu’ | % [ IA o 1 qszl AA o o uaz’ 1< 1
wduldhild vanmsnasiimsaanmamuaniisiuiueiuanivuniua lagdseumly

]
o =

o ' (Y a 4 Y {
i 1A (Finite) Aremaumugisuansuzaesilymdlveanua (Elements) #an1nd 2.9

D-

=

FINUUIAAE DU [7]
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d‘ a 4 [ a 9 9 ~ an Jd A 4
MNN 2.9 miammz‘ﬁmwamaEmuuwuasQmuaumamﬂ%izmﬂmﬂmumaamuﬁ [7]

~ Jd a 4 A . < a a < a
seifiouns I Tudo@uud (Finite Element Analysis: FEA) iJumatiansinsgnise
@ A I ¥ v A a = 4
aauiie 14 ldwadns lavilsznavesilymnnainnarglumadsmnssu [8] Falszneuaiy
Y & A4 g = s a s '
aunmsauguszu wazldeu lvveuwaieudauns TusziBouns T Tudeduudaziie
4 Qy 1 ' = ' a 4 £ 1 a J A v 9
Tauavosilymieendudiudess Gon31 0AMUA (Element) FaAazioamudaziFouiudig
[ 09/’ 4 v J o
9 11ua (Node) dariu el lanadansvesilywilaslszanadoniraumsaiugusz vy
9 s a 4 ] a 4 0911 =2 o 4 o 1 £
asaunms I ludedmudvewaazeamuaunTamu nniuduhmsudilymainanndey
2 U = ' 9 o =1 s Aa 4 A a A
lawamasvosilynigadouu Tawy uimsianszadouns Wl ludaedmudusnisuauiog
! { o S aa s a %
wluldimsanvanudululassafresidudon awaiuszidouns W ludedwud ldgn
° 79 ¥ 1 ¥ A A & 4 = g
liszgnaldnuedisninensdumsnuiifenisanenamans mszszbeumsiiiang
A oo A A a s A 1 Y& o qYyyo =
wannane onnuilunieiiodnsizdnianudanguld s ld Idsuanuaulaluaoudn

Yy a A 9y g ~ s a % o
NMNATUIFAINTIY Lla$1UQﬁﬁ1Wﬂ5§N [8] Vlﬂa13‘1]']\1@]1!'5$L°]_IEJ'LIﬂ”libh/\l"lHﬂL@aLNHG]ﬁTNTiﬂu”I?J”I

2
)=

L a o @ < .
Yszgnaldluauinsizn 1aaeil anuudansaueeIaseaie (Structural Analysis) 52 UDVDY
A7U50U (Thermal System Analysis) M3 148 tazms lanin131mANN3eu (Flow Analysis
and Flow Convection Heat Transfer) nszurumstasugilsnuesiaqiie 1dsuniuion

] dd?’ =) dg’ =
(Thermo Mechanical Process Analysis) 1% N1TAVU] 1) (Forging) N133AUYU] 1) (Rolling) UM

ﬁug 51 (Injection Molding) <194 [8]
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23.1 Trua (Node)

~ I YR A 1 9 Qy < A A 1 a 4 1
NN 2.10 IWU@]L‘].]HG]’J%'JEJW@NG]’E]T?’I?QE‘TiNﬂﬂ!Lﬂﬂ‘] NTYNIUDAUNUA (Element) 4§
a 9 Ya o Y dy [ YRR | o 1 a A
amaamu@iwmﬂumﬂ@maﬂwuﬂ uﬂﬂmﬂuiwuﬂﬂwwiumsmwmgﬂﬁwamamuwu
a a 9 ld‘ a Jd A a 4 9 1 a 4
AN ITY TﬂmJﬂmLaﬂ‘wuﬂfuza§um34mlmmamumm@@mmmamum HaINguvedealyua

a o o 1 { ' o J a J .. [~
uaz TnuavzegaanuiunguiGendn uundraes v ludiodmud (Finite Element Model) 921111

@ Qy A o o <3| a . A o Ao Y 1
mlmu%wmmtwﬂuﬂﬂmamrﬂuﬁnmimmﬂ% (Matrix) LW@ﬂ’lu’]ﬂlﬂ“ﬁ‘UG}f@uﬁ@qﬂ [9]

3-D 8-Node Brick
a

FACE ID NODES
5 7 -2-6-5
1-D 2-Node Elements £ ity

i 1
2 2-3-7-8
y EDQIEID 3 3-4-8-7
>/2 4 4-1-5-8
NODES
1 1-2 1 3 5 TRy
6 6-5-8-7
)( 2
a 4 aa = = ¢ an =
(N) WwaLuA 1 A ﬂ 2 I‘H“Inlﬂ () Leatua 3 A ﬁ 4 lﬂuﬂ
3-D 3-Node Shell
4 3
FACE ID NODES
1 1-2-3 (top)
/ 2 g B s (bottom)
X
X 2

a ¢ @aa =
BatueE 208 i 2 lﬂuﬂ
d‘ a 4 1 aa
M 2.10 Tvualueamwuanaazia [10]
a 4
2.3.2 19aUA (Element)

Y 9 a 4 aan 1 Aaa o ~ dyo/ = a d Aa a
Tﬂmmummamummmag 1-3UAAININN 2.11T UBNINUIIUDAUNUAYUANWIAY

Aaa o ' 1 A <3| { @ 1 ' a s »
NHAUS 0 UA AUTU NQNUUDIYA (Lumped Springs) HJuﬁ'ﬂ3T]JﬂuagLLE%}?'JWL@alﬁJu@ﬁﬁﬂ‘ng

=).
pad)}
De

ana I~{ o a 4 [ 1 I~ a o

1 56 a2luduasa 1idu1Aa (Beam Element) ¥n 1% lumsiasiziaudnyazndulasusdmwua

an I~ 1 d’ d‘ d‘ d’d [ a 4 d‘

2 1@ (Shell Element) 921U 1930aumasy @masunianumine auiumsiniziaum
<3| { a @ aa . aa <

WUl uA (Surface) M908 gaMBUUD 3 U@ (Solid Element) Taginaduuingunsuiuuuy

. A d ax . Yo A

Tetrahedral, Pentahedral, Hexahedral (Bricks) #1359 Wunuulsaw (Prisms) & W50 1FNUIUN

I a @ . £ a 4 1 aa = ~ [ Y 1 dyd [
Wulsuasau (Solid) Glmaamummaznmzuﬂﬂﬂmmmmm@l"lmw YALNATULIENIT A
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| v o 1
Triua (Nodal Points) 150 Tiua (Node) 152 Teainvuniguues Inuadeiludadimuagisis

a a d @ a 7 1 =~ I a a 5 1A
1/1msmmmmmmamumﬂmaamumwgﬂﬁmmmgﬂmmmmz TagUnalvunvrzasognyy

U 9

A a Jd v 1 qul 4 a 4 U dy =\
Wiﬂﬂﬂﬂa”IEJﬂJE’NLE’JﬂL?JH@ﬂQLLﬁﬂQGlHEﬂ vnnNuulunenamanseauuaaliaziaiu

]
=

MWZIIZ NN UNYANTTNVOITAR M TURIDE 1T 1FuduBANgU (Linear Elastic) Tuiag

q

Wunou (Bar Element) [11]

"l 2

ra / g
A =D ‘-
» 4 g

1D

3D

Y
%

H a a J 1 aa
.ﬂTWﬁ 2.11 FUAVDUDAUNUANIA 1 -3 W [11]

v
= IS4

Aa 4 Aaa o 3 Y 1 3 & A [
1) Daua 1 46 AdNINN 2.12 Hansuzudau (Beam Element) (N1UUKEINLANITY

4
Y o A A A

' 2 & A Y @ <3 Y Y =

g1 !LagllﬁJﬂT?J”liﬂjJ@Q!WUWHT]ﬁU”I@]ﬂ ﬂiﬂwuﬂflllﬂﬂﬂmiﬁlfﬂﬁlu Lmzuﬂﬂi}WﬂLﬂuLﬁuLm’J%"ljJﬂJ
a A a g "a ] a g ] Yy 14 A o oa a oA

Eﬂﬂi\ﬂj%”lﬂﬂ!@]@ﬂiﬂﬂﬂ Lﬂul!ﬂl‘WﬂQlﬁu@TV] IFUAI lﬁuiﬂﬂl‘ﬂwuu EINUNUHIULTINIT VU

a 1w a 4 < 1 a 4
(Beam) Tﬂm@amu@]mmmmmaamumznmmﬂuﬂqmmmamum (Mesh) [12]

M 2.12 mMsldedmud 1 96 luaulassade [10]
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[

a 4 aa @ A A | = A A
2) waua 2 YA (Shell Element) ANNINN 2.13 muaﬂymztﬂugﬂﬁmmaﬂu aiayy

=

=\ o w 1 dy 9 3 c; a d a qy 9
Taod Tnua 3 uag 4 THuamua gy ua laenuguudrveidudr 3 Tvua eamuayiatiag 14

AU uRuAmsorde 919019 18 UHITI019 (Thin Shell) 1agMITaNUT (Thick Shell) [10]
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o o 133 (kN) 2
IANLIAY AUNTNTUITY
F FBH
6 mm. 116.70 37.32 auysel
8 mm. 113.58 37.21 auysal
10 mm. 110.91 36.91 auysal
12 mm, 108.34 37.24 auysel
= £ <
AN 0.2 Wﬁﬂ’lﬁﬂﬂﬁ@\illi\‘]ﬂluzﬂlﬁﬁﬂ SAPH440
o o 1339 (kN) 2
IANLIAY AUNTNTUITU
F Fyy
6 mm. 177.20 55.79 auysel
8 mm. 173.70 55.81 auysel
10 mm. 170.34 55.62 auysal
12 mm. 168.31 55.74 auysal
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ﬂ1§1ﬂﬁ n.3 AMANUUUIVDUYIan SPCC
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a9 SPCC
Sumiadiva JZAUSANLIAY
6 W 8 10 13 12 4.
1 1.39 1.39 1.39 1.40
2 1.38 1.39 1.39 1.40
3 1.38 1.38 1.39 1.39
4 1.37 1.38 1.39 1.39
5 1.37 1.37 1.38 1.38
6 1.33 1.33 1.33 1.34
7 1.38 1.39 1.39 1.40
8 1.41 1.41 1.41 1.41
9 1.45 1.45 1.46 1.47
10 1.47 1.48 1.48 1.49
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J89 SAPH440

q

fumiadida sTAUSANLIAY
6 M. 8 W, 10 . 12 3.
1 1.38 1.38 1.39 1.39
2 1.37 1.37 1.38 1.39
3 1.35 1.35 1.37 1.38
4 1.35 1.36 1.37 1.37
5 1.35 1.35 1.36 1.37
6 1.31 1.30 1.31 1.32
7 1.38 1.38 1.39 1.39
8 1.40 1.41 1.41 1.43
9 1.48 1.49 1.47 1.50
10 1.51 1.53 1.52 1.53
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1.1 NAgdUIANTIANIINAYDAHAN SAPH440 % 1.4 mm.
.1.1 1AININATOUNIIAT (Tensile Test)mm@ﬂﬁ%’mmumwmmﬁ'm?q (True Stress)

ANUA3BADTY (True Strain)

Title Thickness Width Gaugelength
T 1 12.5 50
======= Summary for Data Processing s======
Title Max_Force Max_Stres: YP_Stress Break_Stra LYP_Stress (MN/mm2)
T 373069 93.27 63.9 74.33 68.29
Mean 0 0 ] 0 0
sessses [aw Data eeeeeee
T
Time Force Stress Stroke Shrain Extensometer
0 12.29 0.31 1 2 0
1 -69.62 -1.74 1 2 0
7 569.23 14.23 1 2 0.0
7 724.84 18.12 1 2 0.m
g 1056 25.39 1 2 0.02

M v.2 mafuiindoyanmnageunisag

1] Y
.12 Mm3tiuiindoyalusianiuba (Gage Length) 50 mm. in5estiuiindoyativazainisn

Tuitn 1ddszanar 30,500 A1 wazdam laol¥TdsunsuduiagalluInsderwiBnima (Microsoft

Pl Y = a
Excel) i]x"lﬂmmmmummmiElmmﬂﬁu

Engineering , Ture-stress (MPa)

600
Ture,stress-strian
500 - . ; i
Engineering,stress-strian

400
300
200
100

0 T T T T

0.00 .05 .10 15 20 25

Engineering , Ture-strian

Al a a d
MNA 0.3 LLN‘L!ﬂTINﬂ’NiJl.f?]}u-ﬂ’NiJLﬂgFJﬂ’Jﬁ’JﬂiﬁiJllag ﬂ’JnJLﬁlu-ﬂ’NlJLﬂgﬂﬂ%ﬁiﬂlﬂﬁlﬁaﬂ

SAPH440 ¥i11 1.4 mm.
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U.1.3 9INMTAIYATIWLUHNUNIN ANUAUITI ANUIATEIATI 1191 K, 7 9INNYANTIUTI

4 4
NAAANTA (Plasticity) TaelFaunsauiu $189 (Power Function) $143UMFuNaaeu

dl tg’ Qy dl 1 n Y
AINNNAN V.4 FUNATDUTUNATDUN 1 UNUAT K, n UUMUUFUNT o =Ke llﬂﬂ"l

K =544.7uaz a1 n =0.28

450.00

440.00

430.00

y = 544.7x%28

420.00

R?=0.969

410.00

400.00

390.00

380.00

0.00

0.02

0.04

0.06

0.08

0.10 0.12

v Y Y v
MU V4 UEUMNTUNATOUTUNATOUN 1

v.1.4 imsmauen e Tansellnves SAPHA40 11 1.4 mm.AINLUINANIENTIA (Rolling

. . = 3 o ~
Direction) 11 1.4 mm. 1 20 Lﬂ@it%uﬁﬂl@ﬁﬂ’ﬂumﬁﬂﬂ

M5199 0.2 A aNTAYeUWAN SAPHA40 ¥11 1.4 mm.

9ATIFIUANVATIANAIGAN (7)

a o Jy
FUAUBDIING K (MPa) n

(MPa) RO R45 R90 E
SAPH440 357 544 028 | 185 | 204 | 234 | 207
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13197 A.1

1A ] I !
m’Jﬂi]@]ﬂ1iuﬂﬂummmmi}mﬂmmu F ﬁ oL =0.05
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=
\
V2
1 2 3 4 5 6 7 8 9 10 12 15 20 24 30 40 60 120 0

1 | 161.4476| 199.5000| 215.7074| 224.5832| 230.1619| 233.9860| 236.7684 | 238.8827| 240.5433| 241.8818| 243.9060| 2459499 2480131 | 249.0518| 250.0952| 251.1432( 252.1957 | 253.2529 254.3144
2 185128 19.0000( 19.1643[ 19.2468( 19.2964( 19.3295( 19.3532| 19.3710( 19.3848| 19.3959( 194125 19.4291| 194458| 194541 194624| 194707 194791| 194874 194957
3 101280 95521 92766 9.1172( 9.0135( 89406 88867 88452 88123 87855 87446 87029 86602| 86385 86166| 85944| 85720| 85494 85264
4 7.7086| 69443 65914 63882 62561 6.1631) 6.0942| 6.0410[ 59988 59644 59117 58578 58025| 57744 57459| 57170| 56877| 56581 56281
5 66079 57861 54095 51922 50503 49503 4.8759| 48183 47725\ 47351 46777 46188 45581 45272| 44957| 44638| 44314| 4.3985| 43650
6 59874| 5.1433| 47571| 45337| 4.3874| 4.2839| 4.2067| 4.1468| 40990 4.0600| 39999 39381| 38742 38415 38082 37743 37398 37047 36689
7 55914| 4.7374| 43468| 4.1203| 39715 38660| 3.7870| 3.7257| 36767| 3.6365| 35747 35107| 34445 34105 33758 33404 33043 32674 32298
8 53177 44590| 40662| 38379 36875 35806 3.5005| 34381 33881| 3.3472| 32839 32184 31503 31152 30794 30428 30053 29669 29276
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Abstract
This research was to study the influence of die radius on the deep drawing square cup for high strength

steel focusing on the flowing behavior of the material and the influence of die radius affecting the

1547



@ malszguiTimatienwimnasvgaamns szl w.a. 2555

SR Umnadesa
effectiveness of the deep drawing. In this simulation, Dynaform version 5.6 Finite element software was
use to form deep drawing square cup with at the dimension of 60 mm. in width, 60 mm. in length and 30
mm. in depth and 120x120 mm. thickness 1.4 mm of high strength steel grade SAPH440 (JIS) compare
with carbon steel blank sheet grade SPCC (JIS) at 6, 8, 10, and 12 mm. die radius and 10 mm. punch
angle radius and 10 mm. punch shoulder radius were also used in order to study the influence of die
radius affecting the punch force of deep drawing and the quality of square cup ,and compare the
experimental results. It was found that the 4 sizes of die radius were able to form the deep drawing. The
punch force using in deep drawing was at the low level and the thickness of the work pieces was
changed at the low level at the 12mm. die radius and offered the best result in forming the work piece to
the mold without crack. The punch force using in deep drawing reduced when using bigger die radius
and it was likely to form deep drawing of the work piece well and the work piece could flow well without
wrinkle while the punch force in deep drawing was used more at the small size of die radius. The
accuracy 97% of finite element method simulation compare with the actual experiment. Therefore, the
results of the simulation were accurate and reliable enough to be used for analyzing the experimental

results of the simulation before the actual experiment.
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effectiveness of the deep drawing. In this simulation, Dynaform version 5.6 Finite element software was
use to form deep drawing square cup with at the dimension of 60 mm. in width, 60 mm. in length and 30
mm. in depth and 120x120 mm. thickness 1.4 mm of high strength steel grade SAPH440 (JIS) compare
with carbon steel blank sheet grade SPCC (JIS) at 6, 8, 10, and 12 mm. die radius and 10 mm. punch
angle radius and 10 mm. punch shoulder radius were also used in order to study the influence of die
radius affecting the punch force of deep drawing and the quality of square cup ,and compare the
experimental results. It was found that the 4 sizes of die radius were able to form the deep drawing. The
punch force using in deep drawing was at the low level and the thickness of the work pieces was
changed at the low level at the 12mm. die radius and offered the best result in forming the work piece to
the mold without crack. The punch force using in deep drawing reduced when using bigger die radius
and it was likely to form deep drawing of the work piece well and the work piece could flow well without
wrinkle while the punch force in deep drawing was used more at the small size of die radius. The
accuracy 97% of finite element method simulation compare with the actual experiment. Therefore, the
results of the simulation were accurate and reliable enough to be used for analyzing the experimental

results of the simulation before the actual experiment.
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