= % Lg .: U =S d' v Y
m5ﬂnmuazwmmmz‘ummﬁﬁuugﬂmummhcmmﬁawnm

Taamsdnsiziinlusednua

STUDY AND DEVELOPMENT OF PART FORMING PROCESS OF
COVER SEAL IN WASHING MACHINE BY

FINITE ELEMENT ANALYSIS

AR ainsine

"Tmmﬁwu%ﬁgﬂudmwﬁwmmiﬁnmmwé’ngm
Pyaiainssumansumiaia a1vI¥IaINIINMINGA
AzIAINIINMENS
unInendenalWad NrNINATYLYS
Pnsiinudi 2554

dvansveariIngagnalulagNyNINasYY3



= % Lg t: U =S d' v Y
mﬁﬂn‘ymazwmmﬂizmumﬁmugﬂ%umummmmmmﬂm

Taamsdnsiziiin lusednun

e aingine

a a r.':qs’ | U d! = LY
:mslmwuﬁmﬂumuﬁuwmmsﬁnymmmngm

a U A

Ryanimnssumansumvadio @193 13aINIINNINGA

a d
AUSIAINTINAIAAT

%

unInendamalWlag NrNINATYLYS

v

]
=S =

Umsanun 2554

d
dvansveannIneagnalulag1sunasyys



v Y A a = o dy Qy 1 = A o 9
IV INYTUNWHD ﬂﬁﬁﬂ‘]el1L!.aZW@JUWﬂi%‘U’Juﬂﬁﬂlugﬂ%’Uﬁ’JuI?h“])'mﬂﬁfNGb'ﬂWW

Taomsainsrzd W ludo e

D

¥o-UIMana WenAA w@iins Ing
VI AAINTTUNITNAN
a’d' Y o an o [
21913811f3n1 HII8MaNI19138 A3, ASHY fodna
Umsdann 2554
(¥4 T
UNANEe

49! I~ 49! 1 a o A
mimﬂf’uugﬂlﬂuﬂiz‘LI’J“LJmi"lJugﬂTawzuwu ﬂ'liw'lw']i’llllﬁﬂjﬂlwu’lzﬁllclu
2 A d A o o A A 9 a o o
ﬂ3$TJ'Juﬂ’]ﬁa’]ﬂﬂlugﬂﬂﬂlﬂuﬁ\jﬁ']ﬂﬂ]uﬂq LW@aﬂ@]unuiuﬂﬁzUjuﬂqﬁﬂaﬂ A1MIUNITNN

[ a P d%l I A o & A Aa A Aa
ﬂ']W']ﬁ']iJW]@TVILTTll']gﬁll1”ﬂ§$ﬂ3ﬂﬂ1§ﬁ1ﬂﬂlﬂ§ﬂlﬂﬂﬁ\?ﬂ']HJ‘L!LW@VlﬁT]J@VI'ﬁWﬁ‘"@\iWﬂ@ﬂﬁﬁM

Y ]
A aA 1 =}

v Y
msulasugiinveslarzury NUITERT I AN Y IAs HAINTZUIUMITUF 1)
L a a ¢ s A ¢ A a ¢ a =
Fudrurdalaomsinaed I ludgefuud melinnziynvesnsanviavesrdaly
Pl v
Fudunsednd TagAnu1aninavesiaiiaty TAonsNanNATEA AUKRUI NYANTTY
Y
MINAVIAYDIBUIY
1a 4 [ = o a A Aa A
NINAADIBONLLVYALNTANN 3 Ya A3l Ao Selia1e 2.0 Hadwas 2.5 Tadwas uag
a A d' o a 4 ag o axy 4 a 4 Y
3.0 Hadwas eihinsanszrmyaIndugyl lasnssiaedds dludedwua arelilsunsy
9y
o a Y < a aa
Dyna Form 5.5 ttazihmsanaiugilisedisiaqmannd IFativeoaaudian AISI 304 A4
a A o ° o a § A L4 ~
2.0 Hadwas #an1391a03gn i 1fFEUMeUAUHANAABIIT Y INONTIZHANUIATEA AU
a = 2 ¥ Ay v o 99 9 A o w X
HATNYANTIUMIRNVIAVEIFUNIN nUukai Tdgnihimstszgndldumunimiasinanisay
P~ o o a 4 2 =
51 Nldanmsdrasaaznaasuilinszinamsvugilehda
[
awv 1 o 4 a A v v A a A
HAN13ITENDIINTRONUUVTANVDINUE 2.0 Taduas NUSANYDIA1E 3.0 Taauns
9 9 % 1 Qy 1 1A S A =S Qy =)
Tinanmsnaaesdums nadrvewmuuauguiiuianga Tassieminmsanna suaull
a a A =~ ' [ { I <3 J
ANUNUIAAAAUNTY 0.308 Naamas tazlianuvuuananulagmas 3.51 ledgud

Y Y v
uf]ﬂ’1]1ﬂﬁ§hl!1’iu\‘]’3ﬂE]GI"U’EN‘BHQWHﬁﬂWﬂ’JHJLﬂiEJ@ﬂaﬂ HAEAINNNATIATOIAAAY G?);\il,ﬂﬂimﬂ

v A A A a A o Y A @ ] ay Jq ¥
TFANUDIAIYNUVUIA 3.0 Uaaluag 1/1ﬂwa@miaﬂmmamwummm uagmmmﬂizqﬂ@%

Y
o w =<

= A 4 o ds! o a J
L!W‘L.!ﬂTW"lJ@%1ﬂﬂﬂWi"lluiﬂﬂulﬂiﬂﬂﬂ1ﬁ]1ﬁ’éNﬂ1i"llu§,ﬂ HAZNITINA[DN u1hlﬂ’31ﬂ‘i1$1’iﬂ1

U
P4

~ A a = Qy 1 = U
mmmiawm@mﬂﬂ”lsmugﬂsvumwhcﬁallﬂ

o o W <]

Yy MY A J a J A o W 2 ~
ﬂ]ﬁ']ﬂmuilﬂﬁﬂﬂﬁ'lhliﬁuil 'lw"lumaamu@l LLNuﬂWW"Uﬂﬂ1ﬂﬂﬂ1§"Uu§ﬂ AUIATEUN



Thesis Title Study and Development of Part Forming Process of Cover Seal in

Washing Machine by Finite Element Analysis

Name - Surname Mr. Kitti Samakthai
Program Manufacturing Engineering
Thesis Advisor Assistant Professor Dr.-Ing. Sirichai Torsakul
Academic Year 2011
ABSTRACT

Deep drawing is a common sheet metal forming process. Optimization of process
parameters in deep drawing process is an important task to reduce manufacturing cost. To determine
the optimum values of the process parameters, it is essential to find their influence on the
deformation behavior of the sheet metal. This research aimed to study and develop the forming
process of cover seal part by finite element analysis. This study analyzed tearing of cover seal part
problem in washing machine and studied the influence of die radius to strain, thickness and tearing
behavior of work pieces.

The experiment was designed using 3 die sets such as the die radius of 2.0, 2.5 and 3.0 mm.
respectively. The material in this experiment was 2.0 mm. of AISI 304 stainless steel that was
carried out to be 2 groups. First group of the material was experimentally simulated using Dyna
Form 5.5 finite element software for prediction of the deep drawing properties. Second group of the
material was carried out using the deep drawing process with the designed experiment conditions.
The comparison and analysis of the experiment results such as strain, thickness and failure behavior
of the work pieces were carried out. The experimental results also apply to construct the forming
limit diagram that could be benefit for analyzing the seal part of washing machine forming process
in near future.

The results showed that punch radius of 2.0 mm. and die radius of 3.0 mm. gave the best
result of sheet metal flow in to the die without any tearing. The average thickness of work piece was
reduced at 0.308 mm. and the thickness difference was 3.51 % on average. The critical area of the
major strain and the minor strain were decreased according to the increasing of die radius size 3.0
mm. So, the elongation of the work piece was decreased. This research could be applied to the
application of the forming limit diagram which obtained from the simulation and experiment in

order to analyze the strain caused by forming the cover seal part.

Keywords : stainless steel, finite element, forming limit diagram, strain
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=Dle

9J = a dt;‘ o 1Y [ ] A:;d A a
wldnquimanainuesda nguimingdisuidg lanzunundguauiiasou le Tanseiln
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2.1.5 wanaanueu le Tensedl (Plastic Anisotropy)

l
= v a

N o  w A &2 o Y a 3IA
auvandiagunigadaild langlauauianaraanuoulo Tanseilnnae
Y

a a A g A tﬂy 2 A o = I 9 a
ﬂﬁmwmmiuﬂﬁmﬁmﬂullﬂwimuaﬁumgﬂwaﬂ‘ﬂwmuwuslumaﬂmumﬂmﬂmiwyumm



14

uanafislunsuszrnamsnlasugyl Tasmsa@ivion1snIu (Twining) weanssumsnlasugy
2 =2 Ad 1 % = A Yo =
YyoIrunageuMsaIitluunutey daoenuanuruia e ldsuusedslunuuny aunse

o

a 9 a 9 = Qy d' % [
Lﬂﬂﬂ'liﬂ5'Iﬂ]’lﬂm‘W'18IﬂElﬂ'liﬁa1Jblu53u'IiJﬂ’J']3JG]'I‘L!!Li\iﬂ\iﬂi'lﬂ"llﬁ]ﬂﬂﬂ!‘i/lﬂﬁ’ﬂﬁ‘vmﬂ‘l/l'llgll 6 nu
a a ] v W @ 1T A 1o I ) a
VIﬁVI'Nﬂ'IiiﬂUhJLLﬂiNuﬂull'lﬂuﬂ Naﬁ'?ﬂ’i)fﬂ\?W@]Wﬁ'lﬂ?'lﬁﬁﬂtﬂuulﬂi‘ﬁfﬂi’ﬂﬂﬂ AIMUHNANAINDID
a dg! vy o =< = = g =< Y a I a
Lﬂﬂ‘lluulﬂﬂ1'Jﬂﬂ3'liJﬁ\1Lﬂ§ﬂﬂiullu')‘ll')'lﬂ“]ﬁlﬂuWﬁNTﬂﬁmﬂﬂ'ﬁﬂ\‘] ﬂTVIﬁ“VINL‘]JHQﬂ?Jﬂﬂ AIMUHUN
] A A A 9 = = o Y Y L
"lm‘ﬂaﬂuuﬂmmmﬂaauuﬂmuawm miaﬂ“luumanaJwamﬁlwmmmwwumﬁauaﬂm
[10]
a A JA o v = a A A
W'IﬁHJWlfJTVIiJﬂﬁ%jﬂ%uﬂﬂﬂﬁ'ﬂﬁ?u R UDIANUATIANAITANIND w LD £ 71D
Y 9

NAN1ANUNILAZANUUUVRIFUNATOUNTAIAINEIAY aliu &, = In(w/w, )uag

g =In(t/t,) dwmsuiagloTansetln R=1

ReX=2L (2.25)

Rolling

direction

' %
ﬂﬁ/‘lﬁ 2.4 FUNATOUAINNANMTIA (2]



15

d' 1Y 1 =3 Y1 Aa L [ 1 ~
MW 2.4 Tumsdaa R danin Tlewndlusaidiuvesnnuason i
1319 g, aonuaruIaNmasoalunuInu ¢ iawsodaldedraiudruunruuig
ES = o Y Y =~ Y Y
mazazuuanueea luuuavuinm ldnnmsiaanuasealunuieuazuuin e lag s
Vmnasneda g, = (g + &, )tomsdanuiud nslinndaasasliaoudaenundiedion
nuauni uazmadanadeuldian & uaz &, A15041H19INLINN
9 9 v
VAT R liutlsAumuanunion msizagiu oasaiuvesnuasoai
2 2 1 v o w A 9 A 1 o 4
NI de, /de, = R a1 R aviatianudidauiield R Usziuansdrlunusinmiansinle T
Nn301n
o [ <3 9 = ] % ] 9 [ dy =
dmsumannaial R uaglugadsavgu £ dnulsnuadienumuiiegiunan
Y 1] o o’dy 1 [ 134 dy ) o Y o A A v A
udNevduiusnug e lunduase sanlnugudmiuldnunsesiotadgaanssuaua
< 2 o ] [ 1 ' Aaa o
ANFITART E VOIUAUIDUUNAE Sonic Velocity tazlSulioiua & 18 Tasdndar R ainuls

% a [} 9 [ [ 1 d‘ A —
WUMUNANNNATDY & LL'GWMﬂcl“]ﬂ!ﬁﬂ\‘]ﬂmﬁﬂHﬂ!gﬂlﬂﬂﬂﬁﬂTﬂﬂﬂW R1agno R

Ry +2R,.. +R,.
4

R= (2.26)

2.1.6 ANUATEAUT (Strain Hardening)
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o=Ke" (2.28)

v 'd
Tagf K Ao du5e@nTANNAIMIT (Strength coefficient)

o w <
n A9 @VINHIAIVOIANUATIALTS (Strain - hardening exponent)

) o ' o o w < 1o a £
ﬁ?ﬁﬁ‘ﬂﬂ?@nm‘uﬂﬂﬂ?ﬁﬂﬁ%@ﬂ'ﬂﬂlﬂ%ﬂﬂlﬂl\? n u,azmﬁuﬂizﬁmmmﬁ’mLm K
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= = ol ) A o =
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2.2.3 UHUNNANNIATEA (Strain Diagram)[2]
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2.2.4 MANWATIAKAN (Principal Strains)[2]

H 4
ANUIATEANENINATUIATATIOUDINTEUIUNT

d d
: &, =In—%; & =1In t (2.30)

& =Ih—;
dO dO t0

2.2.5 9ATIAIUVDIANUATIN (Strain Ratio) [2]

a o I [ 1 Y] §
Tagndduuuianuaion (Strain Path) d3nadludaduduasa aaaunsi

(2.31)

2.2.6 ANUATIANUILAZAIINHU (Thickness strain and Thickness)[2]
= Y [ A 9 =
NNFUNT (2.30) ﬂ’ﬂlllﬂﬁf]ﬂﬁ?llﬂIﬂﬂﬂ?ﬁ?ﬂﬂ?ﬂﬂWuTﬁﬁﬂﬁWulﬂﬂ"lﬂﬂ’NiJLﬂﬁﬂﬂ

(Y . . . ) Ya o { { {
Wan(Major Strain) A2NIATEATOI (Minor Strain) laaliNasadams/asuginismasaan

s ti = {1+ e, =—(1+ B)in j_ (232)

0 0

NNAUNS (2.32) Anunuilagna lilfe

t =t,exp(e;) =t [~ 1+ B)s,] (2.33)
WaednuuIManiefiiings td,d, = t,d2 MSmasai

do

2.34
a.d, (2.34)
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3. malasuaniuzuuy luiFadu (Changing Status Nonlinear) e uva1nns
ti' o Y A [ a d' v @ 1 = [ U
nasuulasaniuzaui dauiavesiaqnamsnlasuuilasly asdned e msasaaununs
1 a { v v W <3 Y] [ o A [
WeoumeAauINg 130 sidesduRanuANiou anmduadunuauh Ivauiavesids
mamalasuutlasldae anuaunsalumsiuussvesiggzlasunaslilawna wsoe
Y a { . a 4 Jd a 4 a 4 [N
anuaiaaugungiilasundacll Fsmstnsgd I ludwdwudizdesiins izl
9
(&1 (Nonlinear) 1911133 [5,30,31]
Z < ¢ a ¢
2.4.5 Yuneuni llvessztionds Il ludedmua
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. ' a ¢ a4 a oA v " Aa
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U

A 1 < A 3 ' A o =~ o ' Y
mmawquiummum ‘Viﬁﬂfﬂﬂ!‘IJU?HGIIﬂﬂqmﬁg1J‘H'lﬂliTI/I'l‘ljﬂJuﬁTLﬂEJ?mJﬂ'lﬁﬂ']meﬂ’NiJiﬂu

A I < a L4 A [ I Y o
memmﬂummuamawm"l‘na ﬁWﬂLiTJLﬂﬁ']Z‘H’ﬂﬂJuﬁ']!ﬂt’J’JﬂiJﬂ']ﬁllﬁﬁ Wuan anyauems
@ 19 1 a o ?,‘, = Y 1 %
nszneveId lusamuuedmuduu aunsomoulieglugduuvvesiandumslszmnunelu

wazi lidmiigade'ld fe
#(x,y) =N, (x, Y + N, (x, y ), + Ny (x, y4,) (2.37)

Tas N, (x,y),i=1,2,3 unulassuiszananmelueanud

95

4’ a 4 A 1 Y 1 A o Yo 1 o oA
HMNN 2.20 L@aLlJu@’ff'llll“ViaEJlJLL‘U‘U’E]EJ']\‘HJ?$ﬂ’E]U@'JEJﬁ'IlJ@@@@IQEJ@JGI'JVllIEﬂ'If]Q U AULHHEIN

9099 [15]
aums (2.37) awnsadeuliegluglvesmingla fe

¢
¢(X: y): LNlNstj ?,
9

= LN)J ({3¢1}) (2.38)

(1x3



33

o

a 4 a a y

Tag [N | unumsagladdunisdszuanieluedwud uaz {} ununnmesiuninga
Y % 19 1 d' 1 a \{3/

Usznoudiei lufanyadeveaedmudin

Y
QU

{ a o v @ 1 [
3. TuAdUf 3 MIA319AUNTVOUDANUA (Element Equations) AN4AI0819LYU

a 4 { 1 [ { ' [ <
AUMIVOUDANUATMHATNIUVDEN AININT 2.20 9z0g lugtunuasil

k11 k12 k13 ¢1 Fl
I(21 k22 kzs ¢2 = Fz (2.39)
k31 ksz ksa e ¢3 e Fs

Fudoude 1diTlu
(K18}, = F (2.40)

2 ~ dy A W= @ o @ = ~ am Jd  Aa J
YUADUN 3 U ﬂ’E]’NL“JJuW’JGlﬁ]ﬁWﬂiUuﬁU’ENﬂﬁﬁﬂyﬁz!,‘]J‘c’J‘]J’J‘ﬁVlWVluG]LBm‘JJuGI
9 a ] 1 o Y any
mifdiNtmmimmLaamu@magiugﬂuummaum's (2.39) ansai 1a lag 3513 laeasa
. C% S L a 1 %,l 9] 9

(Direct Approach)ﬁﬂwilgﬂiwu (Variation Approach) 5MINNNINAEANAIS (Method of
Weighted Residuals)

g’u ~ o J a P 9 @ 9

4. Gupaui 4 nsiigun1svesuAazeaNuAn lau1lsyneusIuA U

9
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a A <3

Ia ' ' 1 <
TﬂEJmW'iamW@imﬂ%ummmmmwﬁ (Yield Strength) gININ LLﬂﬁﬂ”lﬂ'JTJJLHNLLﬁQQ’Q@:fﬂ

A o <

] Y
(Tensile Strength) M38AM7 LAZANUTIAINTT ALiUIIaT0 lUdn U wie nlsglidde
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H a ua <3 a
ﬂ]’i]\?ﬁ n.1 %ummﬁuwmwﬂamaﬂﬂﬁjﬂ%lﬁuu

¥R AUNINTTIU ASTM A240-05a
YS TS El Hardness
min Mpa min Mpa min % Max HRB
1n39 409 170 380 20 88
IN3A 410B 205 415 22 89
IN39 430 205 450 22 89
IN3A 434 240 450 22 89
IN3A 436 240 450 22 89
IN3A 439 205 415 22 89
IN5Q 441 205 415 22 89
INSA 444 275 415 20 96
INTA 446 310 470 20 96
IN3A 447 415 550 20 20 HRC
IN3A 304 205 515 40 92
A9 0.2 HiavesmiAmImenmannd 1 Zaii
U AW ATy | anuganuiou | dalugda N/mm’
RYRTIRIEY Il SN IREY (10°)
glem’ To$1 mm’/m. 0-100 847N JKg
IN3A 409-410 7.7 0.58 460 220
IN3A 430-440 7.7 0.60 460 220
IN3A 445-446 7.7 0.62 460 220
IN3A 304 7.9 0.72 500 200
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P

' v
MWA V.1 FUnaaeunIsAd (Plain-End Specimen)

2 =2 A ' dyo [ o Y 3 9 ) (Y '
G]fu‘]/lﬂﬁ@llﬂ’lﬁ@QlW@W’Iﬂ’ILﬁGUG]fﬂ'Ia\“Iﬂ’liﬂflﬁll"llﬂ@')ﬂﬂ'ﬂlllﬂﬁﬂﬂ (n) ﬂlﬂﬂ?ﬁﬂiﬁ'ﬁgllwu

AWNIATYIU ASTM E 646-91 A0 INH %.1

' v
ﬂ]iNﬁ 9.1 wmmawumﬁ@umsﬁa

518021009 V1A
Y
17 Haamng
G ANUEUND 2.000+0.005 50.00+0.01
W AuAA 0.500 4 0.010 12.5+0.25
Y
T ANUHU ANUUUIVDITUNAT DL
R Safivosaiulnedosnge 12 13
L anueiin,dosiiga 8 200
A A v o v 4 1
A ANUINIVOINTAANUNNIUIAR, UDENTA ,z 60
\ AQYow = g A
B AnugnvosdIun lsiuda, dosnga 2 50
9 U d' Yo K
C anunvssaunl¥iuea 3/4 20
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[ < a Aaa A
doyamsnadeudsiagmannd11Satineodauiian AISI 304 12 mm. AuAe
NINT3A 0 099N 45 3N 1Az 90 DI FJoyaNnmstuiinlusisnnuda  (Gage Length)

50 mm. 5279 3,200 A1 18A1 K = 1154 A1 7 = 0.3528 tazA1 R = 1.05796

Gauge Length |Thickness Width Elastic Break Force
mm mm mm 4- 16 kN
50.07 1.93 25.02[N/mm2 kN
69494 2 26.35
Break_Stress YS1_Force YS1_Stress YP_Force YP_Stress Max_Force Max_Stress |Elongation| n value r value value
0.20% 0.20% 0.1 %/FS 0.1 %/FS 10-20 % 20% 10-20%
N/mm2 kN N/mm2 kN N/mm2 kN N/mm2 %
545677 16.8375 348.685 32.1218 665.206 32.5969 675.043 5$6.0415 0.36231 0.92168 1216.5
Time Force Stroke Ext.1 Width Sensor
sec KN mm mm mm
0 0.5267187 0 0 0
0.05 0.5270312 0 -0.0015625 0
0.1 0.5279688 0.002 -0.003125 -4 69E-04
0.15 0.5339062 0.004 -7.81E-04 -0.0003125
0.2 0.5435938 0.006 -0.003125 -0.0003125
0.25 0.556875 0.008 -3.91E-03 -1.56E-04
0.3 0.5721875 0.01 -7.81E-04 1.56E-04
0.35 0.5921875 0.012 0 -4 69E-04
0.4 0.6146875 0.014 -2.34E-03 -1.56E-04

A o

v o -
MUN V.2 ToYaauIAITANANIGA 0 DA

Shape: Batch Size:| SubBatch Size:
Plate 1 1
Name: Thickness Width Gauge Length|
Size Unit: mm mm mm
45 1.93 25.03 50.04
Name Elastic | Break Force |Break_Stress| YS1_Force [YS1_Stress YP_Force | YP_Stress | Max_Force |Max_Stress| Elongation | nvalue | rvalue kvalue
Parameter 4-16 kN 0.20% 0.20% 0.1%/FS | 0.1%/FS 10-20 % 20% 10-20%
Units N/mm2 kN N/mm2 kN N/mm2 kN N/mm2 kN N/mm2 %
45 45641.2 246484 510.236 16.0544 332334 13.8725 287.168 30.9375 640.423 61.251 0.3477| 1.1616 981.97
=4
Time Force Stroke Ext1 Width Sensol
sec kN mm mm mm
4] 0.230781 0 0 Q
0.05 0.231094 0.001 -7.81E-04 -1.56E-04
01 0.233594 0.003 0 0
0.15 0.240781 0.005 0 1.56E-04
0.2 0.250938 0.007 0 1.56E-04
0.25 0.262188 0.009 0 0
0.3 0.275313 0.011 7.81E-04 1.56E-04
0.35 0.292031 0.013 0.0015625 1.56E-04
04 0.309688 0.015 2.34E-03 -1.56E-04
0.45 0.328594 0.017 7.81E-04 1.56E-04

M 4.3 Joyaauiiaiagienidia 45 oeen
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Shape: Batch Size: | SubBatch Size
Plate 1 1
Name: Thickness Width Gauge Length
Size Unit mm mm mm
90 193 25.01 50.08
Name Elastic Break_Force |Break Stress| YS1 Force | YS1 Stress | YP Force | YP_Stress [Max_Force|Max_Stress| El nvalue | rvalue | kvalue
P 4-16 kN 0.20% 0.20% 0.1%/FS | 0.1%/FS 10-20% | 20% | 10-20%
Units N/mm2 kN N/mm2 kN N/mm2 kN N/mm2 kN N/mm2 %
90 79886.9 26.8531 556.319 16.3431 338.582 13.1381 272184 | 317281 | 657.315 59.7843 0.34843 098696 1264
1-1
Time Force Stroke Ext.1 Width Sensor
sec kN mm mm mm
0 0.3685938 0 0 0
0.05 0.36875 0.002 -7.81E-04 -1.56E-04
0.1 0.3729688 0.004 0.0015625 1.56E-04
0.15 0.3815625 0.006 7.81E-04 0.000625
0.2 0.3928125 0.008 0.003125 1.56E-04
0.25 0.4054688 0.01 0.0015625 1.56E-04
0.3 0.42375 0.012 7.81E-04 0
0.35 0.443125 0.014 7.81E-04 0
04 0.4632812 0.016 2.34E-03 -1.56E-04

{ Y A o a
MUN V.4 ToYaTUIAITANANIGA 90 DA

Y 9 a o 1 1a 4 1
ﬂ"lﬁ"lflﬁ V.2 GUE]?;I‘ﬁﬂ'liﬁﬂlmgﬂﬂellﬁlﬂﬂiﬂ"]\‘lﬂﬁi\lﬂluuuﬂlllﬂuvmﬂﬂﬂullfiﬂsllLLSJWNW (UIANDUNIT

4 -
waguuilas 2.5 yu.) V9INIITNAADI934

ANIIVBINTANAN (WN.)
AN ANNIATEA
1 2 3 4 5 6 m?iﬂ (%)
1 2.6153 | 2.6344 | 2.6635 | 2.6683 | 2.6023 | 2.5516 | 2.6226 4.903
2 2.5759 | 2.6266 | 2.5952 | 2.4149 | 2.4987 | 2.4699 | 2.5302 1.208
3 2.5763 2.587 | 2.5873 | 2.5478 | 2.5281 | 2.5184 | 2.5575 2.299
4 2.547 | 2.5373 | 2.5281 | 2.6725 | 2.6627 | 2.6352 | 2.5971 3.885
5 2.5952 | 2.5759 | 2.5881 | 2.5279 | 2.5195 | 2.5189 | 2.5543 2.170
6 3.8211 | 3.8115 | 3.8256 | 3.8114 | 3.872 | 3.8114 | 3.8255 53.020
7 2.7509 | 2.7688 | 2.722 | 2.7889 | 2.8075 | 2.8654 | 2.7839 11.357
8 3.0294 | 3.0486 | 3.0679 | 3.1354 | 3.1741 | 3.126 | 3.0969 23.876
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3 a J 1a 4 1
ﬂ]’i]\?ﬁ V.3 Gng}@iJ”aﬂ?igﬂlla$1’iﬂ‘ll'ﬁ']\1ﬂiﬂ’NﬂﬂﬂJiutLu’J!Lﬂu3ﬂﬂﬂﬂullfgﬂellllllWllW (VUIANBUNIT

4 -
Wasuuladg 2.5 yu.) Y9INISNAADID34

AWE1IVOINIANNAL V)

AN ANUIATOA
1 2 3 4 5 6 mae (%)
1 2.3057 | 2.2865 | 2.3161 | 2.2429 | 2.1888 | 2.1792 | 2.2532 -9.872
2 2.518 | 2.4215 | 2.4409 | 2.3745 | 2.3733 | 2.3636 | 2.4153 -3.388
3 2.518 | 2.4902 | 2.5277 | 2.4698 | 2.4893 | 2.4664 | 2.4936 -0.257
4 2.5085 | 2.5083 | 2.4988 | 2.5189 | 2.5757 | 2.5601 | 2.5284 |  1.135
5 2.5391 | 2.5183 | 2.5115 | 2.5279 | 2.4315 | 2.4222 | 2.4918 | -0.330
6 2.9547 | 2.9182 | 3.0165 | 2.9913 | 2.947 | 2.9141 | 2.9570 | 18.279
7 27019 | 2.6723 | 2.6455 | 2.5472 | 2.547 | 2.5669 | 2.6135 | 4.539
8 2.5083 | 2.5276 | 2.5471 | 2.3545 | 2.3266 | 2.3796 | 2.4406 | -2.375

Y a (Y [ 1A o U
ﬂ]‘iNﬁ V.4 %’agamﬁﬁmmzwﬂmmﬂimqﬂaniuLLuagzﬂuwaﬂwamﬁ/"lmmwnw UUIANDUNT

4 Y/
asuualadg 2.5 uu.) Y9INISNAADI934

AUBIVDINTANNA (Wu.)

AN ANNIATOA
1 2 3 4 5 6 mae (%)
1 2.6305 | 2.5901 | 2.6112 | 2.6823 | 2.6922 | 2.6824 | 2.6481 | 5.924667
2 2.6063 | 2.5758 | 2.5698 | 2.5674 | 2.6083 | 2.6179 | 2.5909 | 3.636667
3 24991 | 2.4895 | 2.462 | 2.5665 | 2.518 | 2.5181 | 2.5089 | 0.354667
4 2.6831 | 2.6552 | 2.6451 | 2.6531 | 2.682 | 2.6531 | 2.6619 | 6.477333
5 2.5414 | 25522 | 2.55 | 2.6545 | 2.6828 | 2.673 | 2.6090 | 4.359333
6 3.1559 | 3.2825 | 3.0884 | 3.5406 | 3.5521 | 3.5407 | 3.3600 | 34.40133
7 2.9521 | 2.9618 | 2.8847 | 3.0994 | 2.9937 | 3.059 | 2.9918 | 19.67133
8 3.3683 | 3.3705 | 3.36 | 3.7047 | 3.7051 | 3.6757 | 3.5307 | 41.22867
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3 a o 1a -4 1
ﬂ]’iNﬁ V.5 Gﬁ’mgamiﬁﬂuazwmlmﬂimaﬂaﬂuumuﬂuﬁmwmuﬁ'"lmmwuw UAnaUNS

4 -
Wasuualad 2.5 yu.) Y9INISNAADID34

AWE1IVOINIANNAL vy.)

AN ANUIATOA
1 2 3 4 6 mae (%)

1 2.2038 | 2.2302 | 2.2412 | 2.248 | 2.2489 | 2.2578 | 2.238317 | -10.4673
2 2.1926 | 2.1926 | 2.1899 | 2.3456 | 2.3308 | 2.3109 2.2604 -9.584

3 24045 | 24131 | 2.3664 | 24702 | 2.489 | 2.4892 | 2.438733 | -2.45067
4 2.4034 | 2.3935 | 2.3761 | 2.5085 | 2.4891 | 2.4699 | 2.440083 | -2.39667
5 2.2657 | 2.3494 | 23013 | 2.402 | 2.4315 | 2.3926 | 2.357083 | -5.71667
6 2.7524 | 2.8309 | 2.7509 | 2.9909 | 2.9637 | 2.9527 | 2.873583 | 14.94333
7 2.5088 | 2.5373 | 2.5472 | 2.4713 | 2.567 | 2.5667 | 2.53305 1.322

8 2.3356 | 23199 | 2.326 | 2.3347 | 2.3452 | 2.3257 | 2.331183 | -6.75267

Y 2 3 a 1 1a 4
ﬂ]‘iNﬁ V.6 éﬂ’ayammwuwewmmmﬂmi?ﬁugﬂmam%Nﬂauuﬁ”lmmwmw

ANUHUINL.)
AN 1 2 3 4 5 inae
1 2.020 2.047 2.049 2.016 2.032 2.033
2 1.974 1.998 1.994 1.975 1.984 1.985
3 1.926 1.942 1.941 1.929 1.935 1.935
4 1.935 1.937 1.938 1.928 1.935 1.935
5 1.913 1.918 1.905 1.914 1.913 1.913
6 0.000 0.000 0.000 0.000 0.000 0.000
7 1.721 1.746 1.710 1.701 1.720 1.720
8 1.673 1.704 1.622 1.652 1.663 1.663




3 2 3 a @ 1a 4
ﬂ]’iNﬁ V.7 %’egaﬂa1uwu1maqmquumﬂmﬁugﬂmaamﬂwamﬁﬁlmmwuw

ANUUUIUN.)

AN 1 2 3 4 5 mae
1 1.987 1.97 1.96 1.97 1.972 | 1.972
2 1.934 | 1.919 1.92 1.92 1.924 | 1.923
3 1.879 1.881 1.86 1.87 1.873 1.873
4 1.875 1.869 1.85 1.86 1.864 1.864
5 1.844 | 1.831 1.82 1.82 1.83 1.829
6 1.603 1.594 1.64 1.62 1.615 1.614
7 1.481 1.479 1.53 1.54 1.509 | 1.508
8 1318 | 1.354 1.37 1.43 1.371 1.369

d' £ 1 =) v Y a dax d A d ra
M19319N V.8 GIJEHJ“aﬂ?ﬂ’ﬂlllﬂiﬂﬂﬁaﬂﬂ’)t’lﬂ”l'i?!tﬂﬁ%ﬁ’Jﬁlh/‘lllum@amu{;l ﬂauuﬁ'"lmmwu

1 = %
MANUATIANAN (%)

AN 1 2 3 4 5 6 mae
1 6 5.98 5.97 5.97 5.94 5.95 5.968
2 43 431 4.29 4.13 3.95 3.94 4.153
3 1.44 1.124 | 1485 | 0997 | 1254 | 099 | 1216
4 4.48 5.53 6.45 5.36 5.56 4.78 5.360
5 475 7.4 6.48 6.8 7.72 7.12 6.712
6 38.56 | 42.98 | 4895 | 44.79 | 4431 | 4948 | 44.845
7 15.55 16.14 | 1572 | 1586 | 1578 | 16.13 | 15.863
8 21.78 | 22.58 25.5 2353 | 23.05 | 2475 | 23.532
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M99 1.9 foyamanuisioasosmemsiniizias il ludiedmud Aound luusiiu
AMANUATEATDI (%)
FMUNUQ 1 2 3 4 5 6 e
1 -11.01 | -1076 | 987 | -11.07 | -12.02 | -9.84 | -10.762
2 -6.66 -6.289 -5.78 -6.09 -6.32 -6.5 -6.273
3 -1.38 -1.801 -1.74 -1.66 -2.55 -1.57 -1.784
4 -1.86 -1.742 -1.64 -1.83 -1.77 -1.65 -1.749
5 -6.08 | -5.587 | -5.39 -5.3 559 | 578 | -5.621
6 1455 | 1431 | 1358 | 1452 | 1409 | 1478 | 14305
7 6.51 6.31 6.1 6.05 6.51 6.62 | 6350
8 143 | -139 | -147 | -127 | -146 | -136 | -1.397

d' 9 [ ) a A Jd a S 1a o
TN V.10 VBYANIANNHUN mamn!,ﬂiwm‘ﬁ”lvxl”lum@amu@ ﬂ’e)uuﬁ'”lﬁuunwuw

ANNHUN.)
AN 1 2 3 4 5 mae

1 2.008 2.02 2.032 2.04 2.018 | 2.0236
2 1.948 1.955 1.941 1.949 | 1.953 | 1.9492
3 1.895 1.94 1918 | 1.893 1.936 | 1.9164
4 1.892 | 1.889 | 1.893 1.89 1.889 | 1.8906
5 1.833 1.835 1.831 1.818 1.82 | 1.8274
6 0 0 0 0 0 0

7 1.56 1.561 1.559 | 1.553 1.56 | 1.5586
8 1.524 | 1.513 1.505 1519 | 1.524 | 1517
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MNA A.10 ugUFUNaTODNNUNLAAYOUFAL 65 mm.

1 g lg} ) 3 4
MR .12 mug‘ﬂ%u‘nﬂﬁaummmummamﬂﬁ 80 mm.



M519 A1 ToyanINMITIAAIvDINTANINAY

YUIA AN %ugﬂﬂaaﬂﬁ’ﬂ NU308ADA
(u.) naeau ANUIATEN | ANUATEA | ANNIATEN | AIUATYA
van (Major | 593(Minor | # an (Major | 393(Minor
Strain) % Strain) % Strain) % Strain) %
200 x 200 | VhitTurledu 32.76 9.98 75.64 7.984
30.172 11.14 74.188 9.1
29.728 11.14 74.632 9.728
- - 73.316 8.084
- - 68.384 8.844
- - 60.796 5.352
200 x 200 | twfunzwdn 25.188 0.904 71.176 6.304
29.736 2.44 70.28 2.776
24.84 2.452 73.316 2.776
- - 74.84 4292
- - 75.616 5.832
) 3 85.832 5.432
. \ 86.62 8.1
— . 86.216 5.44
- - 89.244 8.088
- - 85.196 5516
200 x 200 | duniaTuedu | 41472 15.296 53.6 0.66
uru Iwaennay | 39.568 12.636 54.352 -0.456
4222 11.496 52.24 10.828
31.976 31.22 62.028 15.276
36.152 30.08 - -
31.992 29.324 - -
49.44 25.912 - -
47.936 22.524 - -
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M9 A, 1 ToYyanINNISIAAIVDINTANNAY (AD)

YUIA AN %ugﬂﬂaaﬂﬁ’a NU308ADA
(u.) naeau ANUIATEA | ANUATEA | ANWATEN | AULATEA
wan (Major | 993(Minor | #i an (Major | 993(Minor
Strain) % Strain) % Strain) % Strain) %
200 x 200 | VhitTurledu 50.204 24.784 - -
uru Inaennau
200 x 200 | hsfuugndn 41.836 16.052 - -
uHu IWalenNaY | 44.492 14.532 - -
41.856 17.192 - -
32.744 30.46 ; ]
31.976 28.564 - -
R 40 Vi3 Tulesy 39.184 4.672 61.18 -0.636
38.816 5.432 60.04 0.504
41.304 2.576 60.044 0.88
48.496 2.952 62.316 1.26
50.616 5.832 59.288 0.124
R 50 i Turesy 39.568 0.88 66.872 2912
36.908 0.12 74.452 2.776
36.644 0.98 77.868 -6.708
36.504 2.244 79.768 -4.432
35.772 0.124 76.728 -3.292
R57.5 Vi3 Tulesy 49.804 0.88 74.832 -2.912
48.68 -0.636 70.664 -7.084
49.432 -0.636 73.316 -5.118
49.056 -1.776 73.692 -5.944
50.64 0.132 74.452 -6.708
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M9 A, 1 ToYyanINNISIAAIVDINTANNAY (AD)
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YUIA AN %ugﬂﬂaaﬂﬁ’a NU308ADA
(u.) naeau ANUIATEA | ANUATEA | ANWATEN | AULATEA
wan (Major | 993(Minor | #i an (Major | 993(Minor
Strain) % Strain) % Strain) % Strain) %
R 65 v Tuvledu 67.024 -6.044 65.912 -8.66
64.792 -8.652 67.396 -5.676
66.46 -5.944 62.176 -6.796
68.288 -5.604 63.668 -9.404
47.644 -3.044 63.668 -9.032
R 725 i3 Tulesy 63.308 -8.66 80.816 -6.796
64.044 -5.676 81.56 -9.032
65.54 -8.28 75.596 -7.916
53.608 -7.536 102.816 -15.744
53.616 -5.676 101.7 -14.624
R 80 Vi3 Tunlesy 59.948 -10.52 102.816 -13.136
60.688 -8.66 109.896 -15
74.104 -13.132 103.568 -18.352
76.716 -10.148 108 20
75.988 -12.76 99.084 -14.252
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Study and Development of Parl forming process in Stainless steel AIST 3
by using FEM Analysis

A mind Tne"” @40 Asimn’
DITE VO30 IHAA N TAINTINMEnT i vinosaomn TuTedswmasiiayi
o.6egy7 aalpusnii 12110
E-pranl Kann saenoi 80 genail com
uniatio

nu3suiinTandszmamiondiapnniinyiavearhda Taonsdnsen il lud
AR Tlsinss Dyna Form 5.5 o aBoudefusonsnnana Tasama
plimaiiFluninana siwnmdnndEain AIS) 304w 2 fadmns diaiimine s
NIRRT A AT AN IRV IMEDIFI I

HAMS TN TINReNUIYI AN YORNY 2 Hadas nasialivenin 3 ladwas
Wtnamanaanad s T e srnduaiign Taodsmanmainua fanmmn
nAnaebo 0.112 fsAunT oiammumandsuTaomde 344 nlodidus uonenii
A a'inqwum-ﬁ'mlm”m'nnmm’ium:ﬁmm:n’m-nmn"iuasomam-?onﬁamm“ﬂﬁwqmo

- - v N - [ 4 - LA v’ - “
uw m'la \l'l1" AHNTUAR TS0 IUARTEY LI T RIS UNG 1l vﬂ tﬁumnnmua NnUHAN i Nd Iy

ANMTeRatoIRua0 A

ABSTRACT

This research was 2imed w salve the rearing of cover seal hy using finite element analysis
with Dyna Form 535, The simulation resall was compared 1o the experiment result by applying deep
drawing stainless steel AIS| 304 with 2.0 mum. thickness. In arder to analyze the siress, thickness and
tearmg behavior of the work-picees.

The result of the simulation was that the 2 wen. punch odivs aod 5 mm. die radios had
produced betler quality stainless seeed parts without 20y fracture xone, which the thickmess average
deercased aboot D112 . and also the work-pieces had difference of the thickness about 344 %
Funbeamare, b cestical positives of work-picoes Bad the majoe steain 2 minor stan Seereased. It
cccurredd from radins of die hixl higger than asual; theredfore the siretching waork.piece wis decreased
The results were o good agrecment between the simulativn and experimental data.

Kevword (sh:Stainless Steel, FEM, Strain
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