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Rubber moulds used in the injection moulding process in Thai rubber product industry are usually
manufactured by the mould makers who often use skilled and experienced workers with trial-and-error
method including conventional tools/ machines in mould design and manufacturing processes. As a result,
various defects of the rubber products such as excessive flash and air trap are occurred. This leads to several
mould try-outs and loss of raw materials used in the process. Therefore, this research aims to apply the
Computer Aided Design/ Engineering (CAD/CAE) techniques for optimized injection conditions. The
significant input variables include material properties of the natural rubber (NR40) such as heat conductivity,
viscosity and shear rate, curing time and operating conditions like mould temperature, injection pressure,
injection time including the gating and runner positions. The numerical results are also correlated well with
the empirical data using the rubber injection machine. This research provides rubber researchers the tools to

seek the best operating conditions in injection moulding.
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Ta El“ﬁ Ol = State of cure time
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A A dy a 9 1a oA < 3
manaoud lununnuvesang eseawsada 1 Tuinuina 11157 50 - 350 cm’s (5 - 21
L3 & 2 Vo A o o a A R a Aa a v
in'/s)  FWzAUBYAUMIDONUUDIATRIINTNAIE A TuMIDAIzgInI IAinaTazaala ns
a Y 1o o d?' 3 a =} A ' osj
vy TaglaTadnawnsnaruguszeznala lagludida gaaiwdlu 25 3w wieunniniu Tuaiw
I a <3 = 421 (N o = 9 ] J v A A dgj
Wuasennuisrlumsftaduegnuanuaulumsiauaziduriuguinanvesiine mamuIuves
< [ ~ Y a = ] v 3 = 3 A
anusangaaaadlugii se Tasldguugilunsiage uazmsuuansuainnuiongs (laons
a 4 [ a 4 5 ) 1 a 8 I d
1@511AT999A1511AT (Pump Capacity 111504 Peco) Bzl liTimsAanarageaziuilse Toxiadns
N

{ 1ra 4 { { ] { (; 1
Tug1l 56 uaAIDINNUNUIVEIUNLHN 2.1 cm (0.8 in) Ansafvztnldgn lalunaiidind

60 2udi Taedivou lugamgiilumsaadesganii 140°C (284°F)

in/s

<
-
~
w
o~
17,]

-
w0
(=]

=
(=]
T

Injection
temperature (°C)

g

120 250

140+

1201

8o

Cure time (s}
g
T

| I SN LI SR |
B B S S B R

Injection ram speed (cm/s)

a < A AA a = 1 dﬂl
‘JTJ‘V] 56 waﬂiz‘nmmmmw"fl,um'imwmaqmﬁﬂu"luﬂ13nmmznaﬂumiumuamq

B u

3.8.7 QUUNNUDUIANW (Mould Temperature)

Tuanuldmsidasadeednunnungungiivesnszueniaae lunis Iiguugdgauinwnull
ad A 44 & 4 & "o A < /Y q 9 N
nazguygingeveuiioswiiuinluvuzities1 Inaiuiiaa widluilsg Temid ldgunglves

=

1A da VA I P £ P o D} 2 A P} A A A
LL?JWIJWVIQQWI'WW&TJH%@ “]N‘l]3@]@\1?[@@?1@i’]\‘lﬂ‘]_lﬂTivlﬁllsUi’)QLu@Eﬂ\?‘ﬂuh/iﬁ!slﬂ‘ﬂ ﬂ!ﬁ{]ﬂﬂﬁgﬂﬂﬂﬂﬂﬂ 90

E]

°c (194°F)

gaungiilunmsiaveunios Daniels 114 120 - 125°C (248 - 257°F) uazgunluuNuiAM 180 -

a gy
4
a =2

200°C (357-392°F) Fuiluiivmels aminligaungivesnszuengugediu 120 - 125°C (248 - 257°F)

Y

a = d? [e) [e) a 1ra 4 [e)
HaTRUNYUYBIMINATIVU TN 150 - 160°C (302 - 320°F) gaunguuinuimnzanilszua 180°C

page 90



§ { lQ Qy ra Jd 4 [ a
(137°F)  &9znaniaeans ndnarvesgiUnsasuaulumidui eanuilasasenisidonguigl

1a P @ 1 A Aa [ 9 v a tg I A <
LL?JW?JWTIﬂﬁ@ﬂﬂEJTﬂEJﬂTiﬂ@EJG] NUYUNYUBYTNT) %uﬂizmumimﬂmi“lwammﬂuﬂamaﬂ@] VUND
Aa o 1a 4 a a
VDINAANUUNWUNLASAAYUVHUAININNIAN 3 - 5OC (5- 9OF)
= Y ] dy 1 9 < 1 9 ~ a 1a 4
ﬂ\‘lllll’NL']@HJ?JLH@EJN?]@HQJN%%Li?LLﬁﬂ?ﬁ%%inﬁN?%ﬁﬂJIﬂﬂﬂﬂ%ﬁﬂ@.mﬂﬂuﬂﬂl@%tuwnwaﬂ aeg

a = ] 1A o o Qy A =] A a 1ra Jq Y d?
UNJUUVBINIIRNA Lm%z"lmﬁmmwmuwmumimg mmﬁwmnqmwgmmwnwiwqwu

[

Tunmsnaaesimungungiilunmsianganii 165°C (329°F) sz ldsannanudsslums

QU QU

v A a

wans ndlunszueniia guuginangeidiuly1dTaeldinsesdnsilitanaunuiiey (Cut-off na’ln

Y

Y o A A A A @ dy
Tﬂﬂmsﬁinmmmmqmwcluﬁﬂg‘ﬂm\qlum@mzﬂumamﬂ

Tununduduansnir )15 Teailumsaaasiiuanareiu seniguugilunsaauag

a 1a 4 (] <= A Y a 1a 4 a a2 3 9
QUNYUUUWUN E]EJN'liﬂﬂmivmzlwQqummumwquammmm1 Glummmaﬂuamwawmi

Q U

] "a PRI o Y di’ < A 4
vened1veaed Il nundauyi lmioonaan lady luua N

o 4 4 @
3.8.8 99A1l5zNOVDUY TUMIAIUAUATEIINT (Other Machine Controls)

] 9 1 ] ]
Tumsauguniosiaeaiusziianudidyuindsazdsalinsnosan uadediiladedu o oni

v Y

=
KD
=
)
)
=
=
De
=)

a 4 @ oA o a
AWTDNTUIAIVAY NTOONUULIATEIINS IRAANUANYTaiNga Tasaziinsnnsan

aa/' 1 { T 1A o a A 4 [
9 mmuﬁag“lmmwmw LLﬁZ‘]J'i%ﬁVI‘ﬁﬂ']W‘ll@\‘]Lﬂ?@\‘]ﬂﬂﬁ

3.8.9 miixmamm%’auﬁaﬂg (Screw Cooling)
d’ [ = d' ] 3 = 9 ] d‘ ::! =
1uLﬂ§mﬁ]ﬂmﬂmmMﬂJ‘LAH%Mmi'ixmfm’nmamlmﬁﬂg WULATOI Desma 905 539U
A A ¥ Y A 2 <
!ﬂ3i’]\‘ill'f](luﬂ']iﬂﬁS‘l_lTﬂﬂ'J"Illif’]uslﬂﬁﬂziﬂﬂﬂiﬂ’]ﬂﬁﬁ@ﬂl@ﬂlﬁaﬁ sllf’]\‘]ﬂ’ia'JolUﬂﬁz‘]J@ﬂﬂﬂ’ﬂgLﬂuigﬂ‘U

TwaruTlasrzuenmsauquiuszuulianudou deeg lnamyuieuruang

3.8.10 mimmummﬁmmzaﬁama1 (Pressure Control and Timing)

i1 ] Y
INFOITNTUINATOI 1FU Peco 21 TS ANNAU UM A UIzlnNudAganms 1z uszounar ly

Y a

H 4 F4 ]
aunnevzihliinagaingalunmshinuvesmsdadu  MeUIHIMNATBUATEITNTIZHINITAY

Yy
o =

o = ¥y A A ) 1A A < ' v Yy '
mmwﬂlmmmﬂ”hmmuemﬂwamﬂﬂiuuuwnwaumaumzmu mmaﬂumimmmwu%%zeg“lu

v A a

1 =& A 9 1 = A = 1A A o a d Aa dy (%
FNIANHHINTOUBIN MU UIUIN uadInd Ao mMsnanauuIg 9 ArrveuianulumsanNuaY

5]

9)3 4 a o [ 9 1 o 9 { v v g
ITunrsazasisunaauens (Flash) Wuediadiss vazsielumsiliiiiosaswdrvuiluwiiomearly

1ra I'd A @ ~ 9 A A 9 ra o % [
UUNUN LLa%GluLifJ\‘l‘UfNﬂTiellfJ']t’Jﬁ'JGUENfﬂ\Wl111’?aL"’UHJ']6111!1/11\‘1'3\‘1“I/]ﬂg!,Glﬂul‘]JGlu!!JJWNWL!@%LHQ@H%%GU'JEJGIJL!

% dy d‘ a d?} [ 1 oa/’ d‘ a tﬂy d’ 1) 1 Q' d‘ 9
NITVYIIAIUVDIUUDINNNAVUH ANINNITUNUUAIN 1J3mmmmm@mqua@ﬂmmummqmzmﬂu

Yy Y
d v K

1a 1o 1 @ 1 a a 1a 4
meuwuumu@gﬂummmfm1qﬂu'izwa1ﬁqm‘ﬁ:3,:flumiﬁmmzqmwgmmuuwuw

page 91



a v

adlo A t#' S 3 Y
4. IBAVUUNT ﬂﬂ!!ﬁ%!ﬂii’)dui’)m‘lﬁ

4.1 M300NUULITIVY (Research Design)

:IJ av A k2 A Qy A o < A =R Aa o 1 Ay A A 9
TUADUNITIVULTUAIINITLADNTUNUNUIN NI UATAANEIINVTENTINIVY ADNIIUN
4
3

|9 J o ~ 3 2K o 9 I Qy Aaa 9 a
TININTIIUIUA ﬂmﬁﬂﬂugﬂw 57 DRV TVAVERTYAEVR Y.t NI EITTR IR IL s YR LY 3 llﬂiﬂﬂql“]fﬂﬂllwm@lﬂ 28 (CAD)

Y

£4 v v Y v v
Tﬂﬂ‘gN’fN"llu1ﬂﬂN‘] @]"INLUJ]J‘D’HQ”IHﬁL'ﬂuL!'U‘U 2 1@ A3l 58 ‘1]1ﬂ‘ﬁ‘u%\i!iNﬁ1ﬂ1iﬂﬂﬂl!ﬂﬂi$‘ﬂ'ﬂﬂ1\n\1

u

Y
o . o a [ v o
(Runner) 3191 (Gate) azd 12wt (Cavity) Tag'ldoonuunldsmwdhsuenniu 4 1 daudnvae
a 9y k4 Y a Y Y A 1Y) ra 4 Aav 0 Ay o A F)
YoaN1939 az g ldeonuuy Taedred i IndifesnumiRuivesneussnswiseasgl 59 e Tduu
2 o v 3 L . v Py < 1 v v Py
Fuarudrnaihmssany IWalugiuuy STL File Taowis lWasuauesniludiuaisn wu Indguau

Toldgian Tdmada fludu ieemnsonivliInszvdareTilsunsy 3D-SIGMA [32]

E4 1

q‘ a =1 9 9] 4
5‘]]‘1] 57 FUNUNINUNTOINTIIUYUA

2

511 58 uuuFuUNadede1sunsu CAD

page 92



v Y 1 H
517 60 LUVFUOIU N9 Az e eaaeTsunsy CAD

page 93



urudamsa e Insamsidedaaaslugili 61

=1

{ a g 1a d.
1. i’fﬂ‘]&lTﬂﬂlu“I(T1ﬁLﬂﬂgﬁui]Tﬂﬂ'li’t‘]E]ﬂLL’]J‘]JLLagﬁ%INLLZJWNWﬁﬂfJN LagIIUIIY

J

o 9 o Qy d‘ 9 9 ra " 9 a Jd
2. MIMFE VU0 rHIIUNADIMTaI 1NN TaslFaeununosaiely

J

a R a d a 4 o 1a 4
3. Gl‘%lﬂf]llW’JLGIE]‘iGlf’JElcluﬂTi’Jlﬂ'i”I$°H‘VIN’Jﬁ’)ﬂiiiJLﬁ’E]Tl']ﬂ1i@’E]ﬂLI,1J1JLLJJW3JW

J

9 a R a A 9 d‘ [ [ wvAa
4. lgnoununeirielunmnaaioas e lisunsuaruguniesdninaden Tuiia

9 awv = &Y
PoyanuIvelusaaazilagiiv

NI1I9DNILUY

Tae 141150053 3D-SIGMA

2 '
dmSuFudiundesmsnnugndeaniudigs naziizlindudon

J

5. MMINAALUNURR A

J

le 1 1 ra . o 1a Jd
6. ﬂi%ﬂ@ﬂ“ﬁuﬁ’)u@%ﬁﬂ VOIUUNUNAAYI LAZTNATOUNITH UV LUNUN

J

v 9 9y ' ra I
7. ﬂiﬂﬂiqﬁllﬁ%l,!,ﬂ‘l"ll"llﬂﬂﬂWiE]\ﬁlENLLiJW?JWﬂﬂEJN

J

8. anisremaniiddenazianinduwenainioudiedialunisiiilyl

o % a [ A { [
Uszend 190 wansaaioun lndineariy

9. aytmamsaniuaulnsainmsidonaziam

senuntUauysel

page 94



Y
AS U FUIU 3 56 Taeld

ADNNUADST ¥

A

& " A
NATDUYIUNDHIATN

suiludwmsuTalsunsu

PONUUUIZUUNININ Llﬂzilﬁlgh

U

A

an

3
LLE’ISE‘T%JNL‘]JHLL‘]J‘]J 3ua

STL File Format
v

o a Iy
mmmmmzﬁmﬂﬂﬁuﬂiu 3D-SIGMA

A 4

ajUwams

PONUUY tazad N

y

= 9 ra o
NAADINANIYLUNUWUN

A

Nasa wazalsuilsa

ajUwamsnaaes

agUHan13IY

D-

519 61 HAAIRIAUNMTAULUMTIVY

B E—

page 95



) as a v
4.2 518021080 I5N15I98

= ax av Y3 a 1 (% dy o a ao
i'lfJagl’l’)EJﬂ’]‘ﬁﬂﬁ’Ji]fJ’e’ﬂiJﬁﬂ’cﬁ;ﬂ]lmﬂuﬂi]ﬂiiuﬂ”lxiﬁ”] AU TﬂmmummmmimaminfJu,am

: 4
9g1um3199 9

M519f 9 uwuuguiuan Insamsve UFvlgunu@uanatiuderaue Tnsin133de il.e. 2548)

2548

2549

g N |a.a. [ne. (A W |B.A. (WA DN

3.8, |W.A.

nNINIFTN 1 2 3 4 5 6 7 8

10

11

12

13 14

1. NUHUMTAUHUMS

4
A 4

29y

1
~

)
2. 33UFINVBYAD

U

A 9 aw
NYIVDIUDINTIUIVY

v

o ]

FwRuTENgs

Tasams

A a o s A
3. [@enHannuNwou

SR
NIUANHN

4. ponuuuuaz ¥

A

a Ia 4
ABUNIAUNDTIUATICU

v

4

5. WaALNUN

v

6. NATdUMS 19U

wiRinazdfulgaudly

A

\ 4

7. a31wansIvy

\ 4

8. M5 18URTY

4
EOTELY

A 4

AINTTUN 1 1URUMTAUTUNITIVY

® 15N NNUANVTUAAYDY LAZAIMUANITAAAINIIY

o

nans5uM 2 5ausdoyaiNeI U IUINeT WA VUTENGI W TATINs

U

= A a d? Y 1ra L=
® ﬁﬂ‘]elﬁjilJWTVILﬂ@ﬂluiﬂﬂﬂﬁﬁ]ﬂﬂlmﬂllagﬁﬁNLL?J‘WEJ‘WQ@EJN

Y awv = %
L4 i’mmumaymmaﬂﬂiuaﬂmazﬂ%ﬂuu

o A

a A A a < AR
NAINITUN 3 RonHanN UL UNTUANEN

&y [

[ 9 A A Qy A o =3
o seaunuUNUL ‘VII%Ji'JiJIﬂiQfﬂﬁLW@Lﬁﬂﬂ%uﬂTuﬂﬂ$%1ﬂ1§ﬂﬂH1

B3y
a A 9 a I 4
NANTIUN 4 PONUVLLAL IFABUNIAADIIUATIZH

page 96




o o Qy { 1A o a ARl
o simsadruuudiaesruauidesmsadianinui lagldneunauneselumsesniu
9 a o a I'd a A o 1A 4 9
o Ixpeuiumeiriglumsdinsizrimadsinssuieiimssanuuuulium Taglslilsunsy 3D-
SIGMA
a A a 1a -4
NINTINN 5 HARLLNUN
9 a 1 a A 9 A [ o A o o Qy 1 A
e Ilypeuiameiyiglumsnaniioasalisunsuniuguasesdnsnada udadmiusudiun
9 9 1o =) ' v 9
ABINIANNYNABIN U uazzIlI e uFou
o a 1a I
® TIINMIHAAUUNINRAYNY
a { 1a 4 o
nIN3IUN 6 nageums Iauminuiuazlsulgud ly
o 1a 4
®  NAADUMINIUVDIUNUN
v Y Y ' 1A =)
o fsutlyaazun lvdounns oo nunRag
a d‘ QAv
nanssui 7 agiwan1save
a aw v o 4 g Y ] ) o Y a o oA {
o oisenamsdtonaziaiuiluenasmodudiedialumtih lllszgnd ldnunandusioun
TndiReanu
e ajdwamsaniiuanulnganisivg

a { @ o o J
NANTIUN 8 IAMITNPNUAVUTNY T

. o
4.3 nyeailonazginsaiily
Aav dy 9 A =} d o 1 49’
muateiildnTesilonazginal asae 11l
1. ARUNAADS NTUNITONLULLAZIATIZH
o v Aa 4 ra o
2. Til5un5 3D-SIGMA @50 3A12¥mM T laveeena Iy nuw
A a o
3. 1IA309RAG I VLUIAG

b4

a A A QY aw o Yo A
T]Elﬁglﬂﬂﬂm@ﬂlﬂi@ﬂuﬂ!lagqcﬂﬂiﬂl‘1/]161)'11!1?]3\1ﬂ'li'Ji]flﬁ'liJ'liﬂﬂ'ILLUﬂhlﬂﬂ\iu

a o o a L4
43.1 ADUWUNDI A IMSUMI00NULLLAZ IATIEN
A a J o [ a 0911 A 9 o [T 4 1A 4 =\
n399R0UNUARs A mSuMIaada ldsunsunlgdmsudnsizinis lvaneluuinun Taed
Y
Aaauiaaall
- CPU Intel Xeon 2.4 GHz x2 CPU
- MUIEANUIIVUIA 4 GB
- g15afan YA 240 GB
- MIALAAINEG HUIBANNT VLA 256 MB

-9 Zﬂﬂﬂﬁ‘ﬁa 113 Window XP Professional

page 97



4.3.2 T15un51 3D-SIGMA
[ A zﬂy = Y a d
3D-SIGMA 1HuTsunsuneguuiugiu 3D Volume Elements 41%11n131A312H¥19A013
o = £ a4 & A o dy A ¢ L.
mam‘nmmsﬁﬂuﬂizmumssuummugﬂwammmiwmmmazmq (Polymer and Rubber Injectlon

. ] o o o ada &
Mouldlng) c]f\‘iI‘]JiLlﬂﬁjJ{1]31“Tfniﬁ]TaaQEﬂL!UUﬂJQQﬂTi]‘lwauagﬂ']'iﬂigff]]']ﬂﬁjm@QQmWﬂﬂJﬂLﬂﬂmuiu

U

1 d? t& 1A 9 dy [ d?’ 1 v d'
sen19msTugl Fwadunda Tusunsuiignianniuinuugiuves UNIX o luilagiiuansofios
wunlduseausasossuTsunsuildun  Windows 18 lasluilagiiuTisunsuldgniaunouds

Release 4.3 LLE’]}’J

1) MInUvea1UsHNTY 3D-SIGMA Release 4.3

:JI Y 2 o 1 ay ~ o d? =

"U’L!GI’E)‘H"UfNﬂﬁiﬂdﬂ‘iuﬂ‘imiuiﬂﬂﬂﬁﬂTﬁuﬂgﬂ‘ﬂi\MN 9 "ll’EN“I)”L!\?1uﬂ%$ﬂ1ﬂ1‘i%u§.ﬂiﬂﬂﬂﬁﬂﬂ
[ QaJJ =® Qy ra 4 d‘ d‘ o o o = (% 9J 1a =)
ﬂﬁ]ﬂ?ﬂuu‘ﬂ\i@@ﬂLL‘U‘U“D"lN']uLLﬁZLUJWNWLW’f)“l/]ﬁ]&‘ﬂ'lfﬂﬁﬁ]'lﬁ?Nﬂ"li‘i/l"l\i"lu“ll@\iﬂ1§ﬂﬂ3ﬁﬂlﬂ]11ﬂ1ﬂ!LNWNWﬂ@

1 Y 1 v
Fa1151n350 3D-SIGMA HNugIUMIRUegaun1s Navier — Stokes FIeu15aNIziiaosdnyazny

ZA o

a 4 4 [] o [ ra
”lwamaﬂwamamazmﬂ Lﬁ@“b"lﬂﬁl‘l‘!fﬂﬁﬂ?ﬂﬂﬂqﬁjﬂi?\iﬂlﬂ?ﬂﬂl@\‘]LLiJWiJW“VI“Imﬂ"Ii@fJﬂLL‘U‘U

2) Hoyana lJveeTsunsu 3D-SIGMA Release 4.3

®  ANNIIAUIUNMINIZINYAIVDIRUNYNVDITAQ U IVULTIINITRA

[ [ S Y] S 9 ra 4
L4 VYUSNINITVIADINITING mmmuﬁmgﬂgmmmm'i"lwammm@m ‘lJ"IllﬂGluLL‘JJWZJW
9

Y Ay
ﬂﬂnﬂmumumwmmms

[

A o 9 1a (d? Y [ Y & o Y
® izﬂznmmmmmmﬁ@m”lﬂimmwnwmuagﬂummsﬂuw Y G]f\‘lﬁ'nlﬁi‘lﬂ'lﬁu&]hlﬂ

TuTdsupsunousiinmssiasanis lvia
Y

Y
L aﬂymmmmimﬂmmm%’auuummmﬁlﬁ}ﬁmzmumifh (Conduction) NI1IN1
(Convention) HAZMTUNTIE (Radiation) 14
YR Y o v =Y 9 ] = [
® ﬁﬁﬂiﬂolsb'ﬁﬂwalUllﬂiﬁTﬂﬂJﬁ]N il Gl,uﬂ"liﬂﬂﬁﬁ@]‘llﬂ YU L’JafluﬂTﬁﬂﬂ ANHUSUD]
o v A a dg’ 1a 4 3 Aq o = o A a
ﬂ']fl'ﬂigi]'lflﬁ’)m@ﬁﬂﬂ?ﬂﬂuﬂlﬂﬂﬂluiullﬂw3J‘W ﬂ’)']iJ!i'J‘VlGl,“]f"UmZ‘VI'lﬂ'lﬁﬂﬂ Llﬁgﬂ'ﬂllﬂuqxiq@ﬂ!ﬂﬂ

FTNINNMITAA

Y 1 -4 o

o gunsadIwaINs Inavesiagidnguinu uazdwnisvesiagnaadi

£

T 18

Ad a o QSI 1A S R o a o
L4 fﬁlﬂiﬂLlﬁﬂﬂﬂﬂﬂigﬂﬂmﬂﬂqmﬁahﬁlﬂﬂ VFUNUUASHUNUN c’ﬁmﬂﬁ'mﬂaﬂymz

v
%

v [ 4 Y o dgj o = q’j Y
VDINIIIDAIVDIIAR "]NIﬂﬂ‘i/n]l‘ﬂlm'llaﬂﬂm%LﬂW136116\1'?71351]1!gﬂ?ﬁﬂjﬂﬂﬂ1§ﬂﬂuu%$ﬁﬂ\3@,

9
v @

@ % a Qy 1ra = 1 4 [V oa/l
ANHUSNITNTTINYAIVDNYUTHUTNAITUITUUASUUWUN %Q%Sﬁﬂﬁ@]ﬂﬂﬁﬁugﬂ At Tsunsw

page 98



3D-SIGMA  ansainuaauilsag q lumsdaiaquazgdidnyuzueIn1InTz018a 1909
a Aa 9 ra Y [
gurigivosesiaad 1) luuinui ldedadanu
o Yy A4 9 4 q 2 Aa
®  AWNIIAIIUMIANUAUNANANNNTZIBDEY IUFUNUNDA
E4

o gwadnaszauanuAululdazyavesgnswesruaula

P} A Y A ° Yy A
® ﬁ"]ll']i0ﬂﬁgﬂJWmﬂTEJﬂWﬁch]N']uellﬂ\‘lllilWNWVlﬂlu@Qfl]']ﬂﬁ"li]'liﬂﬂ']l!')ﬂlﬁ"lﬂ'ﬂilmuﬂ

a dy d' ra Y
Lﬂﬂ"llu‘l/lmJWNWﬂlﬂ

3) nanms laen lvea11/50n51 3D-SIGMA

9 1
Tuaeulumsiauveslsunsy 3D-SIGMA asuaadlugili 62

CAD Model

Preprocessor

Meshing

Parameters
Postprocessor
Analysis

Decision

Y

51N 62 taaad v uaoumn1Iau Iassmved1sunsy 3D-SIGMA

page 99



sUnssveasuusiaeslulisunsy 3D-SIGMA

o = 421 J z:! 1 ] 9
lulisunsy 3D-SIGMA wuvdiaedezgmenuyunnlilsunsy CAD @19 Sazdaiutoya
[ ] I~ 4 {
TuTysunsy 3D-SIGMA 1@ lasfidnumziflu STL (StereoliThography - Format) %50 11/51n3uauai
A o I 1 . . . =T
annsonszuilasgdunvveanuudiaouilu STL files 195U Solid Works, Unigraphics 11]uau
v Y Y 9
Tugi 63 WuvznaasdstunoulumsadiegUnsswesuay (CAD Model) tazmsfivue
ay [ 1 ~ o a L 1 g ] a = ra 4
FUAIUANNILIINMINAT W I TNy 15U FUa1Y (Parts), $99N1999 (Runner), 3R0 (Gate), HUWUH
1 o aa 4 Qy [ { o
(Mould) U8Z%04M9N (Inlet) UAZMIMHUAVLIAVDIDANUAVDIFUNU I IMINZANnoUNILIINT

a J
AUNTICH

cal Mok |

9

U1 63 uerasdsiuaoun1si1u 11sunsu 3D-SIGMA neuRIMssiansms a

B E—

D-

3UN39UNU (CAD Model)

2 g : . ¢ v (4 d
Fuan1lFlumsnadouldun ereseuminserueua(Rubber step) (MARWIN 1) Ad31N 64 110

4 v A
laginsevosFua N9 gaaudrnniuiimstuiindeyalugduuuves STL files (Roaiivuaning

v
= o =S

Y '
YouFuduuaazoulioglugluuusinegiimsia) arsdmualigaisuduveuny (Origin) eguuin

MAUTIUDINII

page 100



d’ Y o oA 9 1 = z:?
519 64 o950 uMINTNUBUAN 1% 11 TUNTUFI8 UM TR DUV BUY U

mawuudiaslulysunsy 3D-SIGMA

4 Y
[ [~ a2 o o
Tuduasuiiszilumsdadoyavewuuiiaodld dimsdieu 13 luglves STL files Taonsld
o w :JI dy o o Qy 1 1 ~ Yy 9 dg' 9 1 ay
A9 Preprocessor Tuduapuiivzihmssmuasudiuaa i laadwdumeluldsunsuldun  Fuau

] A ra o [] [ d‘
(Parts), ¥99N1999 (Runner), ‘gﬁh (Gate), HUNUN (Mould) HAZADININUTN (Inlet) ﬂmﬁﬂﬂugﬂﬂ 65

2
FUIU

FOINWIN

—— ‘]ifJ\WINl{I"I

ra L4
LUWUN

"
h.' T e e e = |

v 9

Y o/
517 65 tEAIHTNANVITUADY Preprocessor

)

° dJ
ﬂ]iﬂ]ﬁuﬂd1m9@!@a!uuﬂ (Meshing)

o 1 a 4 :/l ~ o 9 ] Y] o
Tumsmmuamivoueduud TuusnueaTUsiunsy ausoNIzsIvua 1a laemsuia laeds Tula
a A 9 o a A 1 qszl ~ a < ~ o a 79 ¥ Y 9
ArToms 1INV MR AUANuLBTuTnunu TR T NIzans LV MR AIUA 1 oea 18 Tae
o o a 4 3 o a 4 o 1 o
mymruai Vet dUARIRHIR UA A UARIdohINIaT TR UAYE UL Iape TAeN159

1 A a 421 [] ay ] a = Y Y o
mmmﬂmywmmmu YU ﬂ’ﬂll“ri‘LW’UEN‘]S‘L!\?TL!L’H‘1l1$t’f1111!ﬂﬁ!L‘U\‘]!E]miluﬁ‘ViiﬂhlﬂiJfﬂiJﬂi‘g‘l’iﬂﬁﬂmﬁﬂ

page 101



o 1 . Y3 A o 1 a J . Yy
MU UAAIUDIANUNUL (Wall Thickness) Glﬁ!,aﬂﬁ\ﬁ"iﬁﬂﬂ'l'ﬂuﬂﬂ']sllﬂ\‘]suu’]ﬂlﬂalﬂuﬂ (Element Size) Gh"ii]

= y =
ﬂluWﬂﬂmiJ"lgﬁiJﬂ\‘]L!ﬁﬂﬂﬁlu?‘ﬂﬂ 66

|
mesh generation
mesh generation wall thickness (standard)
~ method x—direction : |5|
- accuracy
y—direction : |5
~ wall thickness
- element size Z-direction : [5
~- options . .
wall thickness (advanced) wall thickness (advanced2)
¥—direction : |2 ¥—direction: |1
y-direction : iZ y-direction: |1
z-direction : i] z-direction: |0.15
dismiss | calculate generate | help |

9

517 66 Llﬁ'ﬂ\ifﬂﬁﬁ'I‘I‘il‘!ﬂﬂlWI’J"IiJﬂlelJ’f)\‘]GQ]fuﬂunlﬁImiﬂZﬁN (Wall Thickness)

D

MIMKUARIYDIA M5 (Parameter Setting)

v Y
Tumssiviuaaidinlsnaunsziinissiasanis lviaiu

- 9 A 1 Y o a qy o 1 A g ~

— vzapudonIaglyiaglalumsnanryuanludlredranmulugin

A 1 4

% 67 11uaz 14819 NR 40 (Manuan v) Fadeyavesensluudazsiaiy

, » a 4y 4 d

o vzoglugiudoyavedlisunsunieainisonezainegavedyan
“

dvamsvosmsai ngmdoyanieluldsunsuldun

- MM3111ANTeU (Heat Conductivity, Lambda)
- AN NI NN (Density, Rho)

- AnAW5oU (Heat Capacity, Cp)

v Y
v v

- MANUNHANTUAUBATINTINOU (Viscosity as Function of Shear Rate)*

v Y
- 931 IUUNVUT LI (Curing Rate as Funtion of Time)*

9 1 1
« lumsnadeuiiumsnsziigungiiodiaios 3 awaz luuaazsravesgunginilandsing

G

IS 9 ' ] ' '
nudeya hinisitesndn 15 m

page 102



»¢ view Material of database User x|

Data WView Memo Help

Matenal: NR_40

Global Information

Short Description Groups
Watoral Rubber A W Part
Shore & 40
MSC PR TWd LTD. 7 Insert
i I Insulation
I~ Mold
Status: W Heady to use | [~ Tempering
User-Defined 1
Protection: Unprotected | M
I User-Defined 2

1 67 Llﬁﬂﬁﬁﬁﬂﬁlﬁ@ﬂ"ll’é)\‘i%ﬁﬂ"ll’é)\‘lﬁﬂx‘iﬁﬁ]%ﬁWﬂTﬁEﬁWﬁ@\iﬂﬁllﬂﬂ

B —

D

v’hmif‘imuﬂﬁwﬁﬁmﬂﬁﬁyugmmaﬂﬂmﬂm”lﬁ'ufifh

- eungiisudulumsia(nital Temperature) Fosfmuatumuanzany fusdadaans
Tug1ii 68

- #1984 Heat Conductivity (Lambda) Tugsgamaiiane (wmk) duanslugiii 69

- A1UBY Density (Rho) as function of Temperature (g/cmS,OC) AL m“lugl ﬂﬁ 70

- 189 Heat Capacity (Cp) as function of Temperature (J/kg K, °0) Aaud mﬁlug ﬂﬁ 71

- wa@mﬂ'wm Density (Rho) x Heat Capacity (Cp) as function of Temperature A9LLel ﬂ\iﬁlug ‘ﬂ‘ﬁ 72

- A1U09 Dynamic Viscosity at 100.00 °c: Viscosity as function of Shear Rate AL m“lug ‘ﬂ‘ﬁ 73

dedmuaadllugmsedenomwiavesenaiiilu Tsunsuudr Tdsunsuieziimssnnam
ﬂ'Tﬁi]x“l%'“lumsi‘imaqmi"lwas‘ﬁummulﬁufiﬁwhm Sait
- A1U®4 Rheology (Carreau-WLF) ﬁmﬁmiugﬂﬁ 73
- Zero Shear Rate (dyn.) Visc. P1 (Pa s)
- Reciprocal Trans-Shear Rate P2 (s)
- Exponent P3
- Reference Temperature T, (OC)
- Standard Temperature T, (OC)
- V04 Dynamic Viscosity: Viscosity as Function of Shear Rate A ﬂ\islug ﬂﬁ 74
- ANU04 Measured Curing Rate at 150.00 °c Curing Rate as Function of Time ﬁ’mﬁm“lugﬂﬁ 75
- MU0 Weighting Factor ﬁmﬁﬂﬂugﬂﬁ 76

- A1U®4 Incubation Time (Scorch-Index) (min, K) AL miug 1N 77

page 103



- ANUDY Reaction-Kinetics (Deng-Isayev) (1/min", J/mol) Aute ﬂﬂugﬂﬁ 78

- AUDY Curing Rate: Curing Rate as Function of Time faua m“lugﬂﬁ 79

Yiew Material of database User

1 aa 9 a2 ..
51 68 uammqmﬂgmsmuﬁlummﬂ (Initial Temperature)

D.

¢ View Material of database User

D-

31/11 69 11aA9A YD Heat Conductivity (Lambda) 14519919139 (W/mK)

page 104



%¢ View Material of database User

D.

519 70 uanan 1o Density (Rho) as Function of Temperature (g/cm3, OC)

%¢ View Material of database User

2150.0000

D -

517 71 uaaen1ved Heat Capacity (Cp) as Function of Temperature (J/kg K, °0)

I

page 105



View Material of database User

511 72 uerasA1veg Density (Rho) x Heat Capacity (Cp) as Function of Temperature

View Material of database User

1351.9000 233.7500

)

317 73 ueasnved Dynamic Viscosity at 100.00 °c Viscosity as Function of Shear Rate

page 106



View Material of database User

D -

51U 74 aaanveg Dynamic Viscosity: Viscosity as Function of Shear Rate

¢ ¥iew Material of database User

D

511 75 1d@nef1v09 Measured Curing Rate at 150.00 ¢’: Curing Rate as Function of Time

page 107



Yiew Material of database User

D-

317 76 LETAIAIUDY Weighting Factor

Yiew Material of database User

51U 77 uaAIA1v84 Incubation Time (Scorch-Index) (min, K)

1LAZA1UDY Reaction-Kinetics (Deng-Isayev) (1/min", J/mol)

| > ¥iew Material of database User

51N 78 aaIn1veg Curing Rate: Curing Rate as Function of Time

B ——

page 108



mamruamuaannslunszuIums (Process Parameters)

v 9
{luﬂigﬂ’luﬂﬁﬁ”l‘l’iuﬂﬂ”IlﬁJg])Uﬂ’f)uﬁ"lﬂﬁiha?Nﬂ"lill‘ViflsU’fNﬂSSUUHﬂWSHu%zﬁﬂﬂﬁWWHﬂﬂﬁlﬂﬂ

~ o Y

Y o 1a J o ' a a
aghazihnldiuninuitezdessimuanivesgungiiud

~ 1 :/l o o 1 1 9 A a d? 1 ay [ 1A 4 A ra 4
U7 79 apnIniuihimIsinuaA1veINIsn1eMANLS oUNINATUTENINFUNUN DU 3 oLU N

Y Y
UUDINIFUNULAZ VDI TUNA I aa gl

&

' ' '
[ 1 = A =

ARt uiRuidInasUR (Part/Mould-700 W/mK, Mould/mould-2,000 W/m’K) saaraalugili 80

material 10 label databasze/flename material temp [* C]
[=] Patt clazs User Database/MA_40 100.000
! Part 101 User Diatabase/MA_40 100,000
\. Inlst 0 1 User DatabaseMA_40 100.000
—J’i Funner |10 User Database/MA_40 100.000
ar Ingate |10 User Database/MA_40 100,000
material 1D label database/flename material termp [* C]
[E Mould class SIGMA DatabaseH-45MICod 160.000
m Slides  [ID1 SIGMA DatabaseH45MiCrdod 160.000
ﬂ Movable | 101 SIGMA Database<45MiCrdod 160.000
ﬂ Movable I 1D 2 SIGMA DatabaseH45MICHd0d 160.000
ﬂ Fixed Hal| 1D 1 SIGMA Database<45MiCridod 160.000
E Fixed Hall 1D 2 SIGMA DatabaseH45MiCrdod 160.000
material 10 label databaze/flename material temp [* C]
[=] Tempering cla: SIGMa& DatabazeHEATMED 160.000
q-‘j Temperin [0 1 SIGMA Database/HEATMED 160,000
q-‘j Temperir [0 2 SIGMA Database/HEATMED 160.000
1J d' o 1 [ dl o o 9 o ra 4
ﬂ’t‘l—79 HEAPNNIUUAAUDIITANISUINT LTMLUN NN

v Yy 9
Y v A [l

1AZADINIMUARIUDIRUNYTITUAUYOINIFUNULAZ YD WAL

heat transfer definitions

material 1 ID Iabel 1 | material 2 1D label 2 HIC databaseflename: HTC dataset group
[ Pat class |Mould class SIGMA Database/CI00.0 Constant
Wy Dy |E Slides D1 SIGM4 Database/CI00.0 Constant
Part 101 i Movable Half 1D 1 SIGMaA Database/CA00.0 Constant
[ ¥
'art ined Hal atabase; onstant
- D1 FiedHall  |ID1 5IGMA Database/CI00.0 &
¥ Runner ID1 Mavable Hal |ID 1 SIGMA Database/CI00.0 Constant
! Runner 1D 1 i Movable Half |ID 2 SIGMaA Database/CA00.0 Constant
¥ Fumer D1 FiedHall  |ID1 5IGMA D atabase/C300.0 Constant
T ingate [ID1 Mavable Hal |ID 1 SIGMA Database/CI00.0 Constant
!r Ingate 1D 1 E Fined Halt o1 SIGMaA Database/CA00.0 Constant
= Mould class |Mould class Constant
s 01 Bl HovableHat [ID1 SIGMA Database/C300.0 Constant
s |01 FiedHal  |ID1 SIGMA Database/CI00.0 Constant
n tdovable 1101 Movable Half |10 2 SIGMA Database/C10000.0 Constant
Ell Movable (1D 1 FiedHall  |ID1 5IGMA Database/C10000 0 Constant
ll Movatle 1D 2 FiredHat  |ID1 SIGMA Database/C10000.0 Canstant
E Fixed Hall 1D 1 E Fied Halt D2 SIGMA Database/C10000.0 Constant
[ Mould class Tempering class SlGMA Database/C10000.0 Constant
Ell Movabie (10 2 [ Tempeing |01 SIGMA Database/C10000.0 Constant
B3 FredHaiin 2 [ Tempeing | ID2 SIGMA D atabase/C10000.0 Canstant
8| 1]

< s help

1 o [ [ { A -4 1 ay (% ra 4
ﬂ‘ﬁ 80 !,Lﬁﬂ\'iﬂﬁﬂ11’7‘L!ﬂﬂWEUENfﬂiﬂWEIWIﬂﬁ1ﬂ§lﬂuﬁlﬂﬂﬁui$ﬁ’ﬂ\1%’u\ﬂuﬂ“]JLLiJWlI‘W

'
[ v 4

A 1a I v A 1a 4 A A
UIDUNNWUNAINANNNULUNUNAINIADDU

=)

page 109



o ] A 9 o 1 I ] ~ 9 o [
m'imwuwmmmﬂﬂumsmaaqmi"lwa LL‘UQEJ@ﬂIf]JL! 5 I mwmmwuﬂmaﬂﬂﬂlu

9 ld! :1' dy (% 1 d! a ) d! o 1 1 Y v
I‘]Jil!,ﬂileﬂllﬂ“]f\‘ll'la'lﬂﬂﬁilﬂuﬂ$3'Jllﬂu@giu‘ﬁux‘]ll“]ﬂ‘ﬂﬁﬂ']3VIN"IHW\‘]ﬁ'DJ"IiﬂﬂWﬁHQﬂWlN‘] m”lﬂllﬂm
weraslugili 81

- Lead Time

- Filling time

- Movable Part

- Fix Part

- Part Take out

hot HILM:\S(JPI"|.|I'|‘AI_HLI|I;I'_HH()I]I\'R' -l
file gdit lools help m|
definiton || £ | 0 &

— cle 1
simulation definitons 5Y

@ material definitior
@ part material
@ mould materia

T BEREBREE B OIS
@ heat ransfer defi
@ process definitior ‘ ‘ | | : ‘
|
| |

preparation filling cooling

pr— sty e U3 il time | |
@ mould closin | pacing ... | |
@ filing definit | | |
@ packing def 10 ]
@moudoper) | ! mepaationphasse po fling phase o conling phase | | -
::;:1;:{ $| =] mould ik open| closa mould | /"; '/5 -,"f" v 7 ,"f/;’ /5 - opan mould

@ result definitior Movable HaliflD 1 |

@ shrinkage and | | |
|
|

L@ result selec Fixed HaltID 1

(] channels
Tempering/ID 1
Tempering/ID 2

resulls

19 81 LaAIM IS IMUATDUM TN UNADINTI 1AM 1A

 E—

D

] A
4.3.3 1930908 UV VUG
1] 9 ]
IATOINAYIIUVUUING (Vertical Injection Machine) B#® Nissei 71 TH100-25VSER 4110 100 G
a J a % @ a
Usuiasnizueniia 254 gnuiadisudiuas vesdoiuduadmazwauunaluladnisnaani

a 4 a [ J o {
RATIMNTTY (RDiPT) AMLIFINTTUATAT UH1INIQUNHATANTAT muﬁmﬂlugﬂﬁ 82

page 110



) Y
Y

= A a o
511 82 1nT09RABIUIAT YUIA 100 AU

4.4 feea daulsuazmsnIunw

= [

2 9y o 2N Y o ~
“])'UQWH‘EJ'NS?NWIWﬂimuﬂuﬂ‘lﬂulﬂﬂ'lﬂﬁﬂﬂ muﬁm“lum‘ww 83

page 111



Al siimismuaa

|
! ! ! ! | |

< A a i
FateTELEnA Lo ATaSIAngA gungilvaailona i idlumsia naillums
M
(Fnfiims) T (iafummiziui) Aelun szuaniia (%) e
' P £2  gud T = a F
25 mim, AR 60 o0 faihla Sdudd 35% aumpilazait i # 80 % UBIATIHEY sm LR
5 2 ! - ; R o e
Ay LR R TTGEL BY-REY YRR T AT rdaR 149 A i1 g sga Lileens
50 mum. . 700 e lumsaa
75 mum,
- 80
90 mm.
Full - 80
- g5
Aiva) & &
" wE Ann R s maan s T
waf Wammsnasioy - Y
w sl sudleud 1A Talsunsy 3D-s10MA
Anumzanam 5 e .
5 > | yemnu fiuns ieenis Twa “Anwmzmmans b
Armdugaaa
ry » ; 5 AT A
snasvailomailnadn dnelusiiad Wlilsunsn 3D-s1GMA B
Fd ' o
s mim il s limd Tl ne i
Y ,
ﬂ = % 1] I}
N 84 LFAAINILUTNAIUAY
B —— qQ

v P Po1a oA A Ad A 4 a 2 Y o /9 1 A4 g Yqy
* THGI,“Hﬂ'J']llﬁﬂulLﬂL!llWllW‘VIﬂmwfﬂ"iJﬂﬂ‘Vlﬂ 160°C Lummm/nﬂiwm‘wNam%uﬂuEmimm1%ﬂ§81uﬂumiu§uuag"lﬂi%

a

a v a

A = o & o o Y Ao
PUNYUNAT 160°C LHNDUNY “INfl]Z‘Vﬂch’iEl"l\ilﬂﬂﬂ?i?!ﬂﬁ’f]llﬂmluizﬂginﬁ1ﬂﬂ"l‘l/iuﬂ

Y Y lﬁl a 3 | 9 a [l l ado =
*x mﬂwmmmmmmaEJNﬂWMﬂSW@ﬂﬂﬂuugﬂumimuaﬂwqm‘Hﬂmawwag“lumﬂqmwguwmwuﬂ tagy

U

o IS 1 dy 5% 1o aaa dy Y 9 A g 1A A [l ~

anvauziduveunan meammﬂ:ﬂﬂumﬂgﬂsm U819 NR40 i];“;iﬂﬂ’)”lll'iﬂulillﬁuﬂgﬂ 70°C uag mna lugein 2
[~ ] v @ 1A o { { A v A a

uagz 313w 80°C uazlusngaiienousenainiifinizegn 85°C Aaaalugii 84 1ieei Inasenuinniiiavzl

A & : & a & '
Qmwgmmmﬂﬂwqqmwﬂizmm 15-20°C G]fﬂumimu%zagwﬂizmm 100°C

]
=

Y o =3 A = Y 3 o 9 o A A o
woc Jums Iganuaulumsdagaveuniosiagai dodiu Tagia Tz 1danuaulunmsaai 80% - 90% vesnnusau

A A o MY
Q’qu’lmﬂiﬂﬂﬁ1uiﬂﬂﬂﬂ

./
‘/
70°C
80 °C
80°C
"\\ 85 “c:_,
\ /
/
— ~100°C

Y

D .

[

171 85 11aAINIAIAIRUHYNVDITIUAN

B a—

page 112



a d a
5. ﬂ153!ﬂ‘§1$ﬁ!!ﬁ$ﬂ1iﬂﬂﬂi1ﬂwﬂ

a d
5.1 M5an51zrinedsunsyu 3D-SIGMA
H < A P 2 Yo < o
YUADULIN D Preprocessor Tumata lWaunuguauiladany 13 lugiuuy STL File shns
1 1 ra Jd Q' a 1 ] ra 4 ] 1ra d
a¥eaudsznouanee veausiu A TAuA tHUINNR DY (Cavity Plate) UAULNTNIA (Core
Y
Plate) 1919A21W50U (Heater Rod) ¥997@ (Inlet) 11a20YNINEN (Tracer) 1NUUMIMIAIMUATIUAI
ra ¢ [
Yo ANA IR Tlsunsusug
1Y < le < o ] Aa 4 1 ay 1a o
UANINATITUY Preprocessor NITNINITHUUDALNUS (Elements) ADMTULIFUNY UAZUUNUN
I o =] o’.:’ dyd ' £ o = ] 9 A
poniludnyugNIIgNUIANEANT YUABUII58NI1 Enmeshment 3987 T1)sunsuazlimsuiala 4 uuu fo
. d! aov dy Y A ] a 4
1) Automatic 2) Standard 3) Advanced uag 4) Advanced 2 Falumsdved laldennsulaedmuuany
A [ Y] = Y J 1 Y o Y a P 9y 1 o
Advanced 2 ms1zanuIsa@enulssuanNazidealiuaazaiuldmldains sz ldududunn

dg‘ ] (] Y &£ =\ Aa IR Y < 1 1 A I~ 9 ~
VU YU Glumummgmwemmmwm 0.5 VY. VUIAVDUDANUAIINDIUANNITIUD U 1Wuau Zﬂ‘ﬂ 86

o @ a J
Hag 87 UFANINININUAVUIAVDULASANHUSID AN UA

%{ SIGMASOFT i x|
mesh generation
mesh generation method
~ method | automatic | standard | advanced _
- accuracy
- wall thickness method (advanced) method (advanced?2)
Part I Tngate T
- element size Inlet W1 >3
2 Runner il
s options S1ides il

<<

EEEER

dismiss calculate | generate help |

d‘ o a 4
5‘]]‘1] 86 LLAANNITNIHUALDAUNUR

page 113



D

[V ] a o ay
3UT 87 HaAIanNHULMIUUAD DU UAVOIFUIIY
:;I [ [~ o % 1 1 = [ A A A Y o ay [~
TUADUADN T UM IR UAIAG 1AZAIAIN YDINTLVIUMIAA Ingavaen dnuFuauily
[ a 1 [ a % d Aa a 9 ] o
agAuR lFnuHAAs U959 Ao 81955503A (NR-40) 49 luli lugudoyaveslusunsuisdociieslyl
A 1 A Ao a 'd £ 1 A0 & 9 [ a
nadouemmauauiaunlsemsndudulumsinazivesTdsunsy Fsmnsuiluldun arguugi
Fudulumsaa (Initial Temperature) A1UD9 Heat Conductivity (Lambda) VD Density (Rho) AUD9 Heat
Capacity (Cp) 1994 Dynamic Viscosity 7 3 921%9i A1Y03 Curing Rate 91 3 gl Aaaaalugln 8s

=
0393

\\ Yiew Material of database User 1 b
Data View Memo Help

Material: HR_40

General Parameters

Material type: Elastomer |
Initial temperature: | 20.00 og
Rheology model: Ostwald-deWaele |
pvT model: Density |

511 88 taaanamruamnalilvesens

D

page 114



Yiew Material of database User

511 89 amamsfiviuanl Heat Conductivity (Lambda)

5 ¥iew Material of database User

v
=

517 90 1EAINITMKIUAA Density (Rho)

page 115



View Material of database User

31/9 91 taaINIs A1 UAA Heat Capacity (Cp)

Yiew Material of database User

D -

517 92 uaAINIIMKIUAAT Dynamic Viscosity

page 116



¥ View Material of database User i x|

Data View Temperature Memo Help

Material: NR_40

Measured Curing Rate at 150.00 °C: Curing Rate as function of Time

Time [s] Curing Rate []

10000 —

64.000 0.0000
68.000 0.0200 1 A
72.000 0.1500
75.000 0.2500 o e
80.000 0.4000
0. 000 0.5000 | .

100.000 0.6000

120.000 0.7000 e

140.000 0.8000

235.000 0.9000

Cturing Rate []

0_4000 —

0.2000 —

o.0000 1 "
[ L I Y T
50.000 100.000  150.000

I 1
200.000 250.000

— Time [s]

2.

317 93 uaaImsmvuam Curing Rate

o [ % a qﬂ/} o o [ a [ 1a 4 5
TumsimuaiagavvesnszuaumsiudsulUtimstmuaingavvesiaquinuialedaly

A

a e’dy Jq9 < . £ g 3 o [ 1A Y 1
ﬂTi?!ﬂﬁT%ﬁuhlﬂjﬂflﬂaﬂ X45NiCrMo4 G]NHJHH’Taﬂﬁ’]ﬁ5‘]J\‘lTHLLNWNWﬂNQQGLu;@THGIJ@HaGU@QI‘]Jﬁ!,tﬂill'f]g
v E4

9
ud2 mindesihmssiuaguugliisuduvesdIuae Bndae Aeil

1. o1 ganglisuAY 100 °C
2. uui ganglisuAY 160 °C
3. dhdnnwiou  gunglisudu 160 °C

4 a 4 a 1a o
LﬁawmTﬂmﬂimmmimmmwamiamiww’fmwaﬂiwmmqmwgmmmmazgmwuw

= o

YR 9 ' ' 9 v 1 Y @ ~ £ 1 Aq v qs: Y a
@ ADINMIANHUAAINMITDINANNS DUV Az EINUTENOVAIY @NETJVI 94 %Qﬂ’lﬂiﬂfﬂu@’lﬁ@ﬂﬂ’lﬂ

—

=
Auemsousu 1151nsy 3D-SIGMA

page 117



heat transfer definitions

material 1 1D label 1 material 2 HTLC databaze/filename HTC dataset group
5 |Mould class bd& Dratabs 00.0 Constant
'.- Part 01 Im Slides D1 SIGMA Database/C300.0 Constant
! Part 01 lﬂ Movable Half |10 1 SIGMA Database/CH00.0 Constant
'.‘- Part 01 ﬂ Fixed Half 01 SIGMA Database/C300.0 Constant
4,! Runner 101 a Movable Half (1001 SIGMA Database/C300.0 Conztant
q! Ruriner 101 a Movable Half |ID 2 SIGMA D atabase/C300.0 Constant
J’! Ruriner 101 ﬂ Fixed Half 01 SIGMA Database/C300.0 Constant
!r Ingate  |ID1 a Movable Half | 101 S1GMA Databaze/C900.0 Conztant
ar Ingate  [ID1 ﬂ Fixed Half 01 S1GMA Database/CH00.0 Congtant
= Mould class |Mould class Congtant
Im' Slides 101 ﬂ Movable Half (1001 SIGMA Database/C300.0 Conztant
E Slides 1D 1 Fixed Half D1 SIGMA Database/C300.0 Consztant
ﬂ Movable 1001 ’: Movable Half | 1D 2 SIGMA D atabase/C10000.0 Constant
ﬂ Mowable [|101 E Fixed Half 01 SIGMA D atabase/C10000.0 Constant
ﬂ Mowvable 1D 2 E Fixed Half 01 SIGMA D atabase/C10000.0 Consztant
E Fixed Hall 1D 1 E Fixed Half D2 SIGMA D atabase/C10000.0 Constant
=l Mould class Tempering class SIGMA Databasze/C10000.0 Conztant
a Mowvable |10 2 E—j Tempering o1 S1GMA Databaze/C10000.0 Constant
ﬂ Fized Hall 1D 2 F_,—I Tempering D2 S1GMA Database/C10000.0 Congtant
4 | 2]

4 | » | help |

D.

511 94 HAAINIMNHUAAIMTOBINANNS DUVD AR AL T

! z o o ' = = qa/l =) Y ad A = F
apnntuinstivuasimsia ¥eldsunsuivamnsadonla 3 35 Ae 1. AUqUMITAARIY
171 (Filling Time) 2. ATUANMINARIBOAT1AA (Filling Depend on Flow Rate) 1182 3. AIUANNITAAAIY
g egqe a o d’l Y A 1 = 9 [ = A
AUAU (Filling Depend on Pressure Curve) Glumiili]EJ‘L!"l,ﬂLa’aﬂﬂ1miﬂmmﬂﬂ3‘l.lﬂuﬂ3€l€mi1ﬂﬂ ISTRERRRI)
o o

1o Ayny 3y A A A v 4 a o A A
L‘]J‘Llﬂﬁ/lUlﬂ‘"lﬂﬂﬂﬁlﬂ'i.l"’l]ﬂllua"lﬂﬂlﬂiﬂﬂﬂﬂﬂiﬂ‘ﬂ‘ﬂ?ﬂ1iﬂ’JlIﬂ3Jﬂ1iﬂﬂﬂ’38ﬂiﬂilﬁ?mﬂ (MNUAURAAIN)

anyuzMImruasIMIRaaaaalugli 95 uaz 96

page 118



I 2x]
part definitions

W part material | W filling contral I W external eooling contral I
edit filling definition, cycle 1
Lze solver I FS04F [fast) LI
—injection control
™ filling tirme | . 50 =
o ia :
& filling depends on flow rate = E 40
> £
= filing depends on pressure curve E 5,30
=y
20
time [s]
¥ calculate acer
[~ calzulate venting
I detect weldlines
[~ use pressure limit : | 1le+003 bar

cancel | help |

19 95 naaanIa Mt IMuaaINIAa

JunrS
I 21|
e e e e R tine [=] |fl|:|w rate [cni- z]

] \ ] 0.000 49 35
TS A : 3TEED 497580
i 5 5 3.650 21.150
W] : : 4.300 21.150
A0 h------- A - T R -
= 1 ! :
= 3 i :
D N s S
i ] '
ggg e | T [ E _________
= ] H
25—: ................................. R
e o R .
S S S s S s s (L 204
0 1 2 3 4 5 |
time [S] ingert | delete | file:.. |
ok I cancel | help |

d' ° ' a A Y o =
5‘1]7] 96 LLAAINITNTUUAAINITRANAIUANAIYDATING

v
9/

@ o 1 09/} o 1 < 1

slluﬂ@uﬁ;ﬂ‘ﬂ']fﬂuﬂ’]ﬁﬂ’]ﬁl‘lﬂﬂ1%@@ﬂ5$ﬂ'§ﬂﬂ1ﬁaﬂuua@ﬂ1iﬂ’]ﬁu@]ﬂ’]ﬂ'ﬁ!ﬂﬂwaﬁllﬁ%’]ﬂﬂ’]ﬁ
a ) < o , < g o a s a2 s d o
AUAIIEN ‘ﬂf\?ﬂ”li!ﬂ‘]_lwauu’fﬂil'ﬁﬂiﬁIﬂiuﬂﬁﬂlﬂﬂiﬂﬂﬂ]uﬂﬂna] ‘Viiﬂlﬂf’)ﬁ!"b’u Wii’]ﬂ\‘iﬂﬁ’]uaglﬂﬂﬂcﬁuﬁﬂ

18 daaaslugali 97

page 119



result definitions

—edit walue lizt for selected result typelz]

store results | walue list
- cpcle 1 click to sort ﬂ x| B B
B O prepare mould e —l —I QI
N o T : —inzert value range
BB filing 04
- [ avtomatic IR from I—
08
percent : ] ; % 1 53 I—
[
- O automatic 10 %,20%,30 %,40 %50 %60 %,70 %80 % L step |
time: 3026021202180 :,240 5,270 2,300 = 1.4
- W] percent 5310 %.20%.30 %,40 %50 % 60 %70 % £ 16 ingert |
- [ miin, temp. o
- [ maw termnp.
- 1 mean temnp. 2
£+ O ewtenal cooling 22
= Elime 24 j apply | reject |
4] | | -

ak. I cancel | help |

D

o 1 I a o
TJ‘VI 97 LLEANINITOHUAAINITINUNINITAUAIIEH

 —

A < o 1 = Yy < a a Y £ o a L4
LN@LﬁﬁFi]ﬂ’lﬁﬂ11’?uﬂﬂTﬂﬁ$‘]J'J1!ﬂ’l§ﬂﬂllﬁ'3ﬂﬁ’lﬂ’l'iﬂlﬁﬂﬂ’li')tﬂﬁ’lgﬁa'ulﬂ SEAVUSNINITAUATISH

= Y d? [ A
TdsunsuasiniianuaasgnusIuaaoaa muﬁﬂﬂugﬂm 98

¢ SIGMASOFT = B
oiline job simuiation control
percentage online curves
100 i Mold filling
90 g —&
3 ] L =

80 - - g o
— 2 v g L =

70 e 2
o 3 3 —a g
— s 5 e 3 o E g
=] J =1 — g
S s = ﬁ: =
S 5 Lz B
E a] el LT
= 5 Ci -
A P & % n
u 1 i (-

20 e — _g

L e e
10 0 2 4 [
0 time [ 5 ]

simulation info

Time: 1.3737[s] ( 40.071%), filled 92610 of 219591 elements 2
Time: 1.3746[s] ( 40.0972), filled 92621 of 219591 elements

il

dismiss | start | restart | _si_:op‘l dump | read | help |

511 98 WP LAAITD U VUZIINTAATIER

B

page 120



Ta i X a 4 v d
5.2 ﬂ"lii?)i’)ﬂ!!‘]J‘U!!3»1°INNWﬂﬂﬂlﬂgﬂﬂ)]ﬂ!ﬂ1§ﬂi}ﬂiﬂ1uﬂuﬂ
1ra L= [ d' = A o Qy ra 4 1
N5PONUUVLNNNNRA IUNMTNATOUAVIAT0IRAY Tﬂfmfum’mmm%uqmmaclmmwnwag 4

Y Ao a A a 9 9 Y v Y} .
117 UANHUSNINIULUUINNAY YUIA 4 UAUUAT UazanNH U ILUUULUVINTUUN (Slde Gate) AIMUHUN

u

]
A o v 1

Aa A % A = P 9. dg’ 1 [ o o
0.5 Jadwas awaaslugdi drulsznovidinnne drugadladdaldlumsvugildiudumesan
Y

Q

] 1 o a ad [ ra 4 1 1 1ra 4
(Under Cut) Tasdurusoirlumstsenuawmasnannuuiiiun Taeaiudsenouniee youmnun ta

1a d a o A =2
ﬂ1WLLMWMW%5QﬂQ!LﬁﬂQiu§‘ﬂﬂ 99 94 102

4’ 1 [ ra P 9 [ 4
517 100 ﬁﬂuﬂigﬂ@UﬂNc]"II'EJ\?LLNWMW‘VI'JN!ﬂWiﬂ%ﬂ'ﬁﬁﬂuﬂuﬂ

page 121



DOCHe | issueNo. | mevswn | Date [ owew | p———
[ [ [ [ | EX]
6 -1 [0
ey B - 60 |05
4- @1z .
E..P | Tbonzan Is?ne' I " 6 - 120 | -020
: 90,0902 90,0 8.07 40.0 0 - 7m0 [so80
R B0.0 o0 .
A 250 - 400 | +0.50
]]]7_ 400 - 630 [
T
gl Z| ot
|l o m
o ! I o
=] L u L] =]
R ¥ [ &
gl ¥ — B8-MI10x1.50epth20
ol %
o y
| o £
= o
o i
ol
= s8I~ o
.. 1 *
r‘_ L)
B.0 %
4-MEx| DepthlS T
4-MBx| .25 Deptha0 sEcTioh A-A
[l Core 2 lock s50C |
tam | Past nama Vateal | Tenal Part numaer
Designed by: Date: Product nama: Scala: 1:4
Drawing by: Bonz Dals: Rubber _lold -
Chackad by: Noppon Date: Piastic Material view:
Approved by: Date: {Zj» @
-‘ Code No. A2 Paper sze:
\? Ressarch ang Ingtitule
@ KU ol industrial Production Techiology  (Dwa M. +0_ o qoqz | PaRe
v
= ] 1A d v 9
319 101 urUINURAIUGIE (Core Plate)
o
HOCNe [ Issue No. |  Revision [ Dale [ owoy | Tanaral 10erance
‘ [ | 6 [:0m0
B - 8 |0
P 2.8 =] B - 60 | :0.15
O SR = s 1B 120 - 250 | 030
39.9, ~ ol 28.8
= = 250 - 400 | :0.50
H 400 - 630 [ 070
n ol
o nl s
' I M N
o = . sl =
L | )
H Mex1 .25
¥ i ° § é/
= T g I
d|l |ne oy
2] g 3R
| L g
section C-C
1 | Covity-Block
| Part name Total Parl number
o|n Designed by: Date: Stale; 14
K : Drawing by Benz Cate: Rubber_lold -
1800 Chacked by: Noppeon Date: Plastic Mateial: View:
secTion D-D Aparoved by: Date: _t:j— '@_
—\ Code Ho. 4O Papar size .
-\Q Resaarch snf Ingtituls 3
QS) KU of isdustrial Producton Techioogy [Dwg Mo~ uoy gopyp | Pede:

d' ' 1a d 1 v A .
517 102 UHULUNUNEIUAUTY (Cavity Plate)

page 122



5.3 wam3aaenallsunsyu 3D-SIGMA
5.3.1 msfSeuneunannmsdnassnlellsunsy tazmsnaaeanavsa
a awv o 1A P A a
TumsneasadarananuziIdeldniinsnaasalagldinuing 4 1h uaiieannlSuiag
= o 9 9y @ =) a [ = ~ = 9
nszuenanvesdnIfuaua Iz iama lulagnmsnaangaavnssu lieaweNazansodald
3 9 I o KR Y Yo o = ~ 9 ] I Iya v Y o
N9 411 neamzdIteds ldunilygm lasiimsnaassdaio 2 1571 o619 lsfamnienngdide laiins
o o I ] o A 1 ~ 1
USumssraesareldsunsudu 2 Whaeruny TaginiaisgvesnszuiumsinlaasluTlydsunsuldin
¥ 4 v v
1nMInaaedia Faanlsnauguatsgiiulduaacluzli 84 Tasnrsnaaeslddinsiasuniasen
{ 1 N a3 [ [ [ )
T202008UDIAN] (Stroke) NT202A199) INOINUANEUENIT 1a HTIAURA uazIa1da a1
= = Ay v @ A = Y < [
nSeuieunan lanin1usunsy 3D-SIGMA  aanaasluaisned 10 ¥anne szozupsanguaasliimiu
@ Ay ¥ o = a Ao A Y
ANz IWavedenai laanmssiasdlaslisunsuuaznsnaasdnavsalidanyazns lvanlndifes
(% (% ti! 1 d' 1 Y (% v A 1 =1 =1
Auluszaunie arunai iaeandeanuUeaITIaUAATEHI 19NN 115N U AITNAADIRA 1]
Yy A a 1 aa 4 Qy a Y Aa <3 c?/’ Ao n’/‘ aa
1) TUUNIZIAANININMTHUIB AN UAYDIFUNUDT NIV (Ingate) NTVNARNTULTIUINTUVDIDEA
o og/' o o (% 1 1 a $ [ o’j aa
WUA (Layer) 3 % M 1HmIdmiausadudaved11sunsuiisunnninmsnaasense amsuieasusa
oA dgl o Y o 1 o dg/ [ < ] 3 A d%’ o Y o 9
wuanuInTUI lEmM At ud eIy ed1elsnaumsuiaFununyuszin ldmsdiua s
A2 4 & a A s 9 Ay v wa
NAUBITY BnaugrilunavInANuATIAmdouYIM SN udoyan IdnmInadeuguaniaves
s laluTisunsudanaldminnumiia (Viscosity) 1l luTisunsuiianganiinldlumsnaassinege
A = a v dy ~ 9 <3 Y @ 09//
uazgUn 103 naasnsmveassauaauTNAFIee (Inlet) 1 1da1n Talsunsuazimiu lananuauiy
4 2 4 ' Ao Y = s A v
visumuau luraszeznanduauanuauldalszuna 1,300 115 wazanuazaInazera Ivamn i

< 1a 4
LU NWUN

d' =) [ v v A =)
ATNNI10 L!ﬁﬂ\‘lﬂﬁlﬂiEl”]JL“VlEI‘]Jﬁﬂ‘HmZﬂﬁulﬁa"llfNﬁlN UINAUNA LASINTNA

STEZaANg m3draeseali)sunsu MINAADINADII

25 mm

o

j}l_l—v.ﬂﬂ'n""'ﬁ.’l«u--w. sioMA
v oA 4 v A 4
1IAURA 1298 115 UINAURA 777 V1T

= a = = a ~
30194 1.028 1UIMN 110190 1.02 3UIMN

page 123




LUZANg m3draeseali)sunsu MINABDINADII
40 mm
| X e m
v oA 4 v A J
U33AURA 1300 U5 I1IAURA 858 UT
= a = a a =
130194 1.500 1UIMN 1I019A 1.49 31U
50 mm
ri. Tomg #18 Cyo= 1= LB Pt 355 m
v oA 4 v a &
U33aURA 1300 V19 UFIAURA 840 U3
=S a = ~ A ~
1I971RA 1.800 71U NA1RA 1.83 114N
75 mm

| DX e T T

v oA 4
UIAURA 1307 V1T

= a =)
1997190 2.701 34N

v oA 4
UIIAURA 865 U7

= a =
139190 2.69 1UMN

page 124




LUZANg m3draeseali)sunsu MINABDINADII

90 mm
F . Tomy W06 et Pl - m
v A s = J
UIAURA 1315 V1T UIIAURA 918 V1T
= a =~ = a =
8177 3.200 IUIN 187197 3.18 IUTMN
120 mm o
J}_l_l-p_ux- =112 e 100005 m
[ = 4
o 4
UIIAURA 1326 VT Lliﬂﬂuaﬂ 911 115
=) a =1
1719A 3.426 IUIN L'Jﬁ"laﬂ 4.19 L’?]u']ﬁ

|| — ntetPressure Cye: 1 Cure: 1

k|
1000 4 [
o] +
0 i

T T T
2 3

Inlet-Pressure [bar]

o

=

=
|

Time [g]

511 103 uaaansussaudan ldonTusunsy 3D-SIGMA

page 125



5.3.2 wanldnmssianadaeTisunsa 3D-SIGMA
anyuEMILaAINaved1UsiNsy 3D-SIGMA ﬁmﬁﬂﬂugﬂﬁ 104 Taemanmzdave laning

aqiluaitld@aanTusunsy 3D-SIGMA fafi

1) szpznmfoduiaome (Air Contact)

2) 5282130129 (Filled Time)

3) ANWE1IV0IMT 11a (Flow Length)

4) 91gVDIY N (Material Age)

5) szeznafiennduiaRLfu (Wall Contact)

6) 798¢0 (Weldline)

7) uamwami"lwammmgmﬂaw (Tracers)

8) qmwgﬁmmmwmzﬁﬂ (Injection Temperature)

9) aUNIVBILUANN (Mould Temperature)

10) 1y IAUNA (Injection Pressure)

11) ANU5IAA (Injection Velocity)

12) 8@351M131R0U (Shearing Rate)

13) manlaeuulasveaiionandsns ey (Scorch Index)

Y 9
14) M3gnUeUHe 118 1uFUU (Curing Rate)

SIGMApost on geometry ) EE— E|

e e
Curves |XVZ| Ser | L3 | \let| Slice IE Vel:turI D |Anim| |
Project View Support
Material Scales Rotate Images Views Light
ma«| 8| ale| - || @o|5| ﬂ .|0g al | Results XRay Clipping Animation Distortion Mesh
Curves  Vector  Slicing Tracer Print Measuring
[ Project: RubberStepProject Version: v04 Directory: D:iSigma_Projects\RubberStepProjectwid
U Pesuttselection
Group ‘IReslllle!‘illinq{\!elncitylcycle_ﬂﬂ1 -
Switch to Compact Mode ‘ Deselect
Results | Name [ cycle | Tim «|
T} Curing <+ Fill_Velo_001 1 0.20(0
=T} Filling <o Fill_Velo_002 1034
-0} Criteria <o Fill_Velo_003 1 0400
.1 cyele, |||Go Fin_velo_oos 1 0.60°
T} curingDey ||| Fin_velo_oo5 1 0.68
Q Dynamic\ < Fill_Velo_006 1 0.80(
5T} Pressure  |||Go Fill_velo_oo7 1 1000
T cyele, |||< Fil_veto_oos 11026
T} scorch <o Fill_Velo_009 11400
=l Q Shearingf < Fill_Velo_010 1 1.200
-1 cyele, |||Go Fi_veto_o11 1 1307
T2 Temperat |[|<o Fin_velo_o12 1 137
=03 velocty |G+ Fill_velo_013 11400
1.013 ) cyele, |||<e Fin_velo_014 11500
T} Geometry <+ Fill_Velo_015 11600
< || =T} Tracer <o Fill_Velo_016 1 170
Y G Fill_Velo_017 1171
<o Fill_Velo_018 1 1800
| Fill_velo_o19 1 1900
4 I _'lET:T St S 7n£i_|
[Fin_Press_013 Cyc=11-1.400s P-10.87%
! s’a‘ ’ Apply | User Results | Reload |
T
I

511 104 vivheauaaanavod115uns1 3D-SIGMA

page 126



1) 5282 NE19T N a01A (Air Contact)

'
v v W <

1 v k4
U 105 waasszeznawessRdudaniuemaviu ldlmsdudaoimaveeaiuga i

et

4 Y

' VA a a & = A o ya v a A A o A a a
ﬂ’quqﬂﬂgagﬂ 0.0896 UM G]Ni]%llIﬁlfﬂ?ﬁ/li]$‘Vlﬂ‘ﬂ‘]fuﬂuuuLﬂﬂI‘W5Q®1ﬂ1ﬁﬁiﬁluﬂ1ﬂ1ﬁ®uﬂﬂinmW’J

4

2) 5ze2I212A (Filled Time)
A Y3 = A a9 1A o A L
?jJVI 106 meﬁlﬁmumizEJzn’m‘ﬂEmgﬂﬂmslnll‘ﬂmﬂclmmaniﬂﬂﬂﬁzﬂznawauuﬂEn\ﬂu
[ 1 [ & = 1a P Y = o’/’ = A
Lmazmmﬂmmﬂu “]NalUf‘lﬁfl!ﬂlﬂﬁllilWiJWV]ilﬁﬁ”lEJ!U”li%EJ%L'Ja'lGl‘Hﬂ']ﬁﬂ@uu%zuwaﬂﬁg‘ﬂUNWﬂluﬂ%ﬂﬂ
zﬂy A 9 1a 4 1 [ =R A A zﬂy A 9 1 a @
LuefJN‘VI'lwaLGUW"hJﬂWTIJLLiJ‘WmNSz‘c’Jzn’mﬁNﬂumﬂmﬂamﬁmu@mm"1walm1"lﬂﬂ’e)u%1,ﬂﬂﬂﬁqwn

nou

3) ﬂ'ﬂNﬂ"lTll’tNﬂ"ﬁnlﬁﬁ (Flow Length)

E4

1IN 107 naaeszezneveeen Inadh lmelununuwarduauilszezms lnaneraunuly

[

A d' ) 0 q 92 2 ' g Y
megﬂmmwmaumﬁ]%mﬂwwﬂuaﬂ"lmm"lﬂ
4) 91gU03813 (Material Age)

d‘ =S d' ] 1 1 Qy 49) d' 9 U =)
sUn 108 uﬁmmmqmmmmagimmazmumawmm LU’EJEJNTI‘J],WﬂL"]ﬂ?ﬂﬂ@Hﬁ]me‘JTQ

U

.

1 9 ra (d‘o A A ~ T A 9 =\ o o A Aa
UINNIN ﬂ1lLllWllWﬂﬂTﬂTﬁﬂﬂNmuTﬂﬂiﬂﬂJﬁiﬂWﬁTEJLUTQTQ“U@QEJNﬂSNNafﬁﬂﬂul IHBNINIWNNUBIYNUIN

Q

= d‘ % 1
ﬂgﬂJIﬂﬂTﬂﬂfﬂgqﬂﬂ’Jﬂ’ﬂu

page 127
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Directory: D:\Sigma_Projects\RubberStepProjectwi4

i Project: RubberStepProject Version:v04

Material_age
[s]

3.346

Empty

3.346

I].I]I]I]5£IE'-'JIU1

z

F-MaterialAge_cyc01_036 Cyc=11=3.426s P=100.00% s’am

igma_Projects\RubberStepProjectw04

i Project: RubberStepProject Version: v04 Directory: D:
Material_age
[s]

3.346

a a Empty
91UDILNNINUNGA

U.I]I]I]Sgsuim

Z

F_MaterialAge_cyc01_036 Cyc=11=3.126s P=100.00% S’GMA

v Y
51 108 uﬁmmqmmmﬂmmazmmawmm

page 131



5) 328NN U AR INANN (Wall Contact)
] 1 9

719 109 naaswave M NedURaTDmT AN Faszoznarlumsdudavouilosaiy

ra

) s o o Y a o Yo 9 a7 1 a A £ o ]
N‘Ll\?"llENL!JJ‘Wll‘WlI'lﬂuufl]g‘V]'lclqriﬂiﬂmuuhlﬂiﬂﬂ')'l‘iJﬁ@ui]'lﬂlliJWiJWH'luﬂ'J'lUil'Jﬂ!@uc] cmmimzmﬂw

punamsgnanouusnaoula

6) 508A9 (Weldline)
r . F - 2 4 v o G4 e
5U7 110 uAAT0ER0UD NN D19 1VIZNATUFIVZUAA 1A UIAYD IO N TOUAD A UTID1D
Y A v k4

o Y a A Aa o = Y [] 1 @ = v W <3 Y a A
ﬂ?iﬁﬂil?ﬂlﬂlﬂﬂﬂ@ﬁ?ﬂluqﬂ Y Ing901me seemsaenu lusuau mﬂgﬂmumzmuulmwzmﬂﬂ

Y
‘Ui!ﬂﬂ!N’JLWIﬁ’JLln]fHﬂJﬂ%LﬂﬂﬂWﬂiUN’J‘Uﬂ\ﬂ)’ﬂﬂu

7) HEAIWANS 1HaVB IO YN AN (Tracers)
{ b { 4 =Y a
m3 lvatn ldveudleenaiuamniog lanngd 111 Feezuaasliiiudnyagianiauoins
9y 1a 4 < P2 ' A 9 =
Inavesoymavesenadt luneluwinud anamezmiuldheunnveseslva ldawseamialwdaig
) Yy X o ] o ya o Y o Y o A
Tvadn lmelugdhaseumaveseraiu lvadi liiulndifsenunasanindavesgd dosiniiuile
! L4 Qy ! Y v 9 A a 9 ay =

o199z Iva I ludrivessuauneunds Inandudonseniniuinaaulaisvessuau Fzaimsn

Y dy A 9 1a o’z 3 A a Y CY ) 9 1 a 1 9 [
von lainiiosnsd Inarih luaeluminuiiueg@unuinaduiineundiresunandiudunaves

g
FUITU

page 132



aw Project: RubberStepProject Version:v04
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! 95+1.60 | Vernier 95.00 0 95.15 015 | Vv

2 78 +1.60 Vernier 77.75 0.25 77.80 0.20 4
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Abstract

Rubber moulds used in the injection moulding process in
Thai rubber product industry are usually manufactured by the mould
makers who often use skilled and experienced workers with trial-and-
error method including conventional tools/ machines in mould design
and manufacturing processes. As a result, various defects of the rubber
products such as excessive flash and air trap are occurred. This leads to
several mould try-outs and loss of raw material used in the process.
Therefore, this research aims to apply the Computer Aided Design/
Engineering (CAD/CAE) techniques for optimized injection conditions.
The significant input variables include material properties of the natural
rubber (NR40) like heat conductivity, viscosity and shear rate, curing
time and operating conditions like mould temperature, injection
pressure, injection time including the gating and runner positions. The
numerical results are also correlated well with the empirical data using
the rubber injection machine. This research provides rubber researchers

the tools to seek the best operating conditions in injection moulding.

Keywords: Computer Aided Design/ Engineering (CAD/CAE), Rubber

Injection Moulding.
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Abstract

Rubber moulds used in the injection moulding process in
Thai rubber product industry are usually manufactured by the mould
makers who often use skilled and experienced workers with trial-and-
error method including conventional tools/ machines in mould design
and manufacturing processes. As a result, various defects of the rubber
products such as excessive flashes and air traps are occurred. This leads
to several mould try-outs and losses of raw material used in the process.
Therefore, this research aims to apply Computer Aided Design/
Engineering (CAD/CAE) techniques for optimized injection conditions.
The significant input variables including material properties of the
natural rubber (NR40) like heat conductivity, viscosity and shear rate,
curing time and operating conditions like mould temperature, injection
pressure, injection time including the gating and runner positions. The
numerical results are also correlated well with the empirical data using
the rubber injection machine. This research provides rubber researchers

the tools to seek for the best operating conditions in injection moulding.

Keywords: Computer Aided Design/ Engineering (CAD/CAE), Rubber

Injection Moulding.

1.Introduction

Generally, the rubber mould making for products formed by
injection, Interprener usually use the outsource company in order to
make the mould. Which usually use their skills and trial and error
including the tolls and machine needed the human control rather than

computer programming. As consequently, the problem in quality of the

product occurs, for example over needed materials which attach to the
product and air trop.

This leads to modify the mould which cost, loss of valuable
time and opportunity in shoring market are concern able.

This research aims to study and be the alternative way of
solution according to problem described above by computer Aided
Design/Engineering (CAD/CAE) technique for optimized injection

conditions.

2.1 Material and Mythology
In this research, foot step for motorcycle is selected to be
case study by using NR 40 rubber. The example of work piece and cad

model is shown in figure 1.

Figure 1: Rubber Step for Motorcycle

The machine type of rubber injection is NISSEI, model
TH100-25VSER, capacity 100 ton, and the volume of cylinder is 254
cm’. This machine is a treasure of Research and Development of
Industrial Promotion Technology (RDiPT), Faculty of Engineering,

Kasetsart University as shown in figure 2.
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Figure 2: Vertical-Rubber-Injection Machine

After designing and drawing the work-piece model in Figure
1, rubber mould used in vertical-rubber-injection Machine is designed
respectively as shown in Figure 3. There are 4 important components in
mould and insert set locating on both sides of the mould. This insert set
slides into mould’s side by using a guide rail when mould is closed. The
insert set is opened whenever the mould is lifting. Guide pin is used to
direct upper mould and lower mould in order to make both moulds
closely. Two heaters (10 mm. diameter) are embedded on the upper
mould as well as on the lower mould. Hot rubber flows into gate which is
comb gate, hence liquid rubber flows on the side of the mould. 3D-Sigma
is used to simulate and correct mould after finishing the drawing in CAD
system. The result of the calculation is used to fabricate the moulds show

in Figure 4 and Figure 5.

Sprue Bushings
/_
Top Clampingplate

Spcer Block2
£
¥ | Support Plate

Spcer Block

Figure 3: Mould Design

g

Figure 4: Upper and Lower Mould

Figure 5: Completed Mould

2.2 3D-SIGMA Analysis

Firstly,The data is inputed into the program. The CAD model
in the database, STL File, is opened. The main components of the mould
as shown in Figure 6 composing of cavity plate core plate, heater rod,

inlet and tracer are defined in 3D-SIGMA program.

Figure 6 Main components of mould
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Figure 7: Shape of Mould from Drawing

After inputing all necessary data, processor divides work piece into very
small cube, such method is called “enmeshment”. There are 4 types,
which the program can handle, for example a) Automatic b) Standard ¢)
Advanced and d) Advanced 2. In this research, the researchers choose
Advance 2 for element dividing. Because it can be defined more details
for each parts, the results are improved for higher accuracy. For example,
we can define the size of the gate, which is very small-only 0.5 mm. So
this element must smaller than the other parts.

The next step is to define material and necessary parameters
of injection process. The raw material chosen to the experiment is natural
rubber, NR-40. There is no data in the program for such raw material, the
researcher make the experiment in order to find the parameters for the
program. The important data are the initial temperature for injection, and
the data which are necessary for making internal database such as

- Heat Conductivity,(Lambda)
- Density,(Rho)
- Heat Capacity,(Cp)

- Viscosity as a function of Shear Rate*

*The minimum numbers for temperature interval should be 3, and at any
temperature’s interval the experiment should not less than 15.

Before simulation process, the data of the process should be
initiated such as temperature of both work piece and mould. The next
step is to define temperature-convection parameter of work piece and
mould or fixed mould and movable mould. (Part/Mould-350 (W/m2K),
Mould/Mould-10,000 (W/m2K))

The defining time interval can be divided into 5 intervals for one cycle is
as follow Figure 8.

- Lead Time

- Filling Time

- Movable Part

- Fix Part

- Part take out

mowa
N whij
sy

T RDEEEEE E B

Figure 8: Time Interval for Simulation Process

Then, the simulation of rubber injection can be run in 3D-SIGMA by
using parameters of rubber-injection machine such as temperature of
mould, pressure of mould, time for injection including parameters of

gate, positions of heater.

Parameter and Control

Controled Parame e

i Tenperature of Fubber
(] Upper Mould and Terperature
Lower Mould l
- Curing Time
e 35% of Maxinmum Comstart attevel % of Madmur
PR, speed . Pressure
EE Constat at10°C purition
75 mun. "

90 o
110 o, < we
e - BC

l - BT

Experiment B

Flowr
Flove Commpare of Sirmlation W E
Maninmon Prassare | > | resilt writh Real Injection -lannm Fresmre

Injection Time

-lmjection Time

Injection speed
(mun.f5)

(bar) )

Tnjection Pressure ‘ Time

Figure 9 Control Parameters

Temperature of mould is fixed at 160 °C because is a
manufacturing’s control parameter making the cured rubber within the
specific time.

Generally, The condition of the rubber in room temperature
is liquid and it changes to solid after heating, Hence the control
temperature is vital process as follows. Step 1) the initial heating
temperature for NR40 is set at 70 °C. Step 2 and 3) the temperature at
the nozzle is set at 85 °C. The temperature of rubber where ejects from
the nozzle is higher than 15-20 °C. Therefore, The temperature for

ejection is 100 °C.
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Pressure of ejection process is limited to 80 to 90 percent of

maximum pressure of the machine.

3. Analysis and Result

From the 3D-SIGMA simulations, the result from simulation
is compared to the real experiment. The researcher used 4-cavity mould
in pilot study but the volume of cylinder of the machine at RDiPT is not
enough for 4-cavity ejection. Therefore, the numbers of cavities in this
work is them reduced to 2 cavities and the parameters of simulation
program are changed to 2-cavity mould also. The results using
parameter from the Figure 9 are shown in Table 1 comparing of
simulation result with real injection. The stroke of injection machine is
varied in the experiment for data collection of flow, pressure and
injection time. However, the result from simulation and real injection is
close. The differences in pressure parameters of the program input and
experiment caused the differences in results. This problem is caused
element segmentation of workpiece at the ingate, which is 3 layers,
provides more pressure than real injection. Theoretically, the more layer
segmentation, the more time consuming calculation time. The problem
causes from data-collection error to rubber characteristics, hence

viscosity in the simulation is higher than real injection

Table 1 Comparing of Simulation Result and Real Injection

Stroke Simulation Real Injection

25 mm

Stroke Simulation Real Injection
50 mm Tl
P —
injection pressure 1300 bar injection pressure 840 bar
injection time 1.800 second injection time 1.83 second
75 mm
injection pressure 1307 bar injection pressure 865 bar
injection time 2.701 second injection time 2.69 second
90 mm
e — —
injection pressure 1315 bar injection pressure 918 bar
injection time 3.200 second injection time 3.18 second
120 mm ‘
SOMA
injection pressure 1326 bar injection pressure 911 bar
injection time 3.426 second injection time 4.19 second

injection pressure 1298 bar

injection time 1.028 second

injection pressure 777 bar

injection time 1.02 second

40 mm

injection pressure 1300 bar

injection time 1.500 second

injection pressure 858 bar

injection time 1.49 second

3.1Simulation Results from 3D-SIGMA

1) Air Contact Time

From Figure 10, the maximum time of rubber attach with the air is
0.0896 sec. Hence, there is a chance to make air bubble in/on the
workpiece.

2) Filled Time

From Figure 11, filled time of ejection rubber is not homogeneous
within whole moulds because the difference of cured rubber varies from
place to place. Rubber coming in to mould first, should be cured first.

3) Flow length
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As show in Figure 12, If the workpiece is long or complicate, rubber
should not full in mould.

4) Material Age

As show in Figure 13, material age or rubber age provide premature
action. If the mould is big size or has many cavities, rubber age is

significant for quality of workpiece.
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Figure 10: The Maximum Time of Rubber Attach with the air
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Figure 13: Rubber Age

5) Wall Contact Time

Figure 14 shows wall contact time. Wall contact means the gap between
rubber and mould. If the wall contact time is longer, the rubber at that
contact provides premature rubber.

6) Weldline

Figure 15 shows weldline of rubber. It may cause problem such as air
bubble. Mostly, air bubble is inside the rubber, but in this experiment it
appears at the surface of workpiece.

7) Tracers of Rubber Particle

Rubber flow can be seen from Figure 16; showing direction of rubber
particle. Obviously, rubber particle flow from the sprue to the cavity at
the ingate then flow to the upper end of mould and lower end of mould,
respectively. Hence, the rubber is filled up at the upper end before filled

up at the lower end of mould.

ject Versiovild
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Figure 14: Wall Contact Time
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Figure 16: Tracers of Rubber Particle

8) Injection Temperature

Temperature of rubber in the process shown in Figure 17.
Temperature at 25% of injection is around 130-140 °C and Temperature
at 50%, 75%, and 100% of injection is around 140-150 °C. The
maximum temperature is located at the surface of workpiece. Rubber
temperature effects the process and the quality of product. Theoretically,
using high temperature reduces cycle time and cost. However, the
disadvantage of using high temperature is premature before rubber full
in the cavity which over cure in rubber, For this reason, temperature
should be adjust suitably with rubber formula before start production.
Simulation can help user to adjust optimum parameters of rubber

injection by reducing the experimental and material.

Figure 17: Injection Temperature at 25%, 50%, 75% and 100%

4. Conclusions

According to the research, it is found that injection rate is
descended the product is not fully filled. The optimum condition for
injection, after considering all controlled parameter, the pressure is very
high at the beginning of the process and keep the constant pressure until
the cavities are fulfilled. For gate is suitable to use in the product,
however, the disadvantage of high velocity at for gate inlet. More over,
the comparison of practical condition and simulation by 3D-SIGMA, the
result is compatible, this leads the application of CAE with 3D-SIGMA
to design and analyses the optimum condition for injection moulding in

nearly future.

Acknowledgement

- Thai-German Institute (TGI) for supporting “Application of
Reverse Engineering for Improved Rubber
Mould Design and Inspection System” project in 2005 .

- The Thailand Research Fund (TRF) for supporting
“Application of Reverse Engineering for Improved Rubber
Mould Design and Inspection System” project in 2005 .

- Rungtham Panyawipart, Suchada Rianmora and
Watcarapong Chookeaw from Center of Excellence in Rubber Mould
(CERM), Research and Development Institute of Production

Technology, Faculty of Engineering, Kasetsart Universit

page 220



References

[1] Wheelans, M. A., 1974. Injection Moulding of Rubber. London

Butterworths.

[2] 3D-SIGMA User’s Manual Version 4.4, 2005. SIGMA Engineering

GmbH Aachen, Germany.

page 221



19NA1591999
[1]  JoyadansenanIs 2545: NSNAVIMIINBAT, NTNYIAN 2545,
o o a
[2]  gnEMAATMINAUIGNNITIATUIDT (2542-2546): AULNTTUNTU TGO NTITUIIA, 2545,

4 a 1 Aa o I'd A o
3] 291959 "’Uﬁ]iulslfflf]ﬁ, NISUIUNTHAAYN: NANYATIHNTTUNAANUNIINY N FUYIVYINAIVAT DTV

APIMINBAT, WYAINYU 2530.
[4] R.P.Brown, "Rubber Product Failure," Rapra Review Reports, vol. 13, 2002.

[5] J. A. Lindsay, "Rubber Injection Moulding : A Practical Guide," Rapra Review Reports, Report 109,

vol. 10, 1999.

[6] E.Bociaga, "Effect of Mould Temperature and Injection Speed on Selected Properties of Polyethylene

Mouldings," International Polymer Science and Technology, vol. 28, pp. 98-102, 2001.

[71 E. Bociaga, "Influence of the Method of Feeding the Polymer into hte Injection Mould Cavity on the
Structure and Crystalliniy of High Density Polyethylene," International Polymer Science and
Technology, vol. 29, pp. 99-102, 2002.

[8] D.E. Packham, "Moulding Sticking, Fouling and Cleaning," Rapra Review Reports, vol. 13, 2002.

[9] M. J. Forrest, "Rubber Analysis - Polymers, Compounds and Products," Rapra Review Reports, vol. 12,

2001.

[10] V. Goodship andJ. C. Love, "Multi-material Injection Moulding," Rapra Review Reports, vol. 13,
2002.

[11] S.L.Kushnarenko, T. R. Voskresenskii, and V. N. Krasovskii, "Modelling of the Moulding
Vulcanisation of Standard Rubber Footwear," International Polymer Science and Technology, vol. 28,

pp. 48-49, 2001.

Page 222



[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20 ]

E. Haberstroh and I. Kleba, "Simulation of Warpage Bahaviour of Pur Sandwich Structures,"

International Polymer Science and Technology, vol. 28, pp. 1-5, 2001.

I. A. Barvinskii and 1. E. Barvinskaya, "Influence of the Site of the Runner on the Warpage of an
Injection Moulded Article Made from Glass Fibre Filling Material," International Polymer Science and

Technology, vol. 29, pp. 63-65, 2002.

M. G. Novitskii and P. G. Babaevskii, "Modeling and Calculation of the Orientation of Short Fibers
During the Flow of Dilute Polymer Composites in a Narrow Channel," International Polymer Science

and Technology, vol. 29, pp. 33-37, 2002.
F. Mark, "True 3D Makes all the Difference," Eurekamagazine, 2002.

K. H. Lothar and H. Georg, "Simulation of the Injection Moulding of EPDM", Injection Moulding Asia,

2002, pp. 14-15.

K. Lothar and T. Mazmur, "Simulating the Product Process," Injection Moulding Asia, pp. 1-2, June,

2003.

K. Lothar, "Optimization of the Injection Moulding Process for Thermoplasts with 3D Simulation,"

Sigma Engineering GmbH, Aachen, 2001.

a v o J 1 o @ EZ a o d
UIATT TOARNBIY, ﬂTiﬁﬂ‘]&ﬂﬂ’JﬁJﬁMWH‘ﬁigﬂ’JNﬂ1iﬂigiﬂEJWLl‘ﬁg"i,l}'liJﬂﬂﬁhﬂﬁﬂlﬂﬂwﬁ@ﬂmcﬂfﬂﬂ:
a a Jd (A a v A = a Y = 9
’J‘I/]EJ'IHWHﬁ‘]JiﬂJUﬂJWT‘V] INMNTAATUHIUUNA LANYATININTTY 3J°VH'J‘1/]EJ1E1€JL‘1/]?]I‘L!TQEJW58i]ﬁ]lllﬂfﬂ

~
HU1YT 2546
o 4 d‘ o a dsl 1
Fwan Teaazds, manlasuulaimsnsznedrvesgurnginiglutesaszrinnNIzUIUMIBUAY

] Y v [
s1: msdszamInmamionteininisuniownaudalszmea lne a59N 17 s2reium 15-17

ARINN 2546

Page 223



2 A

J o @ 1a o a
[21] o350Wa g9, M3U352gnA 1% CAD/CAE/CAM dm5umsesnuuuuinuiaadndeIna1ddn
o o’/’ a J 4 a Aa a Jd a a o a
wazmslsuaIlinesiaioadanarddnIneninus sy In Inomaasuiniudia

AAINTTNQATINMS WHIINAINA T TABNTZIOUNATEULS 2545

4 a v v Av
[22] 2971059 "lGIfEJQa, NTABNFATYNLASTNISUIUNITANA: FIUGATTHNITNYN ADI1UUIIYYIN NTY

eJGIﬂﬂWSLﬂHG]i ﬂi%ﬂi?ﬂlﬂi&l@]i&ﬁ%ﬁﬂﬂiﬂi’, 2542.
[23] Sommer, John G., “Elastomer Molding Technology” Elastech Hudson, Ohio, 2003

[24] Hawthorne Rubber Mfg. Corp. (2004), “Information about Compression, Transfer, and Injection

Moulding”, Available Source: http://www.hawthornerubber.com/index.html, November 30, 2005.

[25] Straton Industries, “Rubber Mold Design & Construction”, Available Source:

http://www.straton.com/rubber.htm, November 30, 2005.
[26] M. A. Wheelans, Injection Moulding of Rubber: London Butterworths, 1974.

[27] Ciesielski, A. (1999), “An Introduction to Rubber Technology”, Rapra Technology Limited, United

Kingdom.
[28] P.S. Johnson, Rubber Processing : Hanser Gardner, August 2001.

[29] Nissei America, Inc. (2005) “Rubber Injection Molding Machine”, Available Source:

http://www.nisseiamerica.com/, November 30, 2005.

[30] C.M. Blow and C. Hepburn, Rubber Technology and Manufacture, Second Ed: Plastic and Rubber

Institute Butterworth Scientific, 1982.
[31] Indian Rubber Institute, "Rubber Engineerin", McGraw-Hill, 2000.

[32] 3D-SIGMA User’s Manual Version4.4: SIGMA Engineering GmbH Aachen Germany, 2005.

Page 224



	0_cover2.doc
	0_inner_cover.doc
	1_Content.doc
	2a_executive_summary.doc
	2_abstract.doc
	Chapter2_Introduction.doc
	Chapter3_LiteratureReview.doc
	3.7.2 วัสดุที่ใช้ทำแม่พิมพ์  

	Chapter4_Reseach.doc
	รูปที่ 62 แสดงถึงขั้นตอนการทำงานโดยรวมของโปรแกรม 3D-SIGMA  
	รูปที่ 63 แสดงถึงขั้นตอนการทำงานโปรแกรม 3D-SIGMA ก่อนทำการจำลองการไหล  

	Chapter5_discussion.doc
	  
	 
	รูปที่ 116 แสดงอุณหภูมิของชิ้นงานขณะอบบ่มที่เวลาเริ่มต้น (0 วินาที) 
	 
	  
	 
	รูปที่ 117 แสดงอุณหภูมิของชิ้นงานขณะอบบ่มที่เวลา 60 วินาที 
	  
	 
	รูปที่ 118 แสดงอุณหภูมิของชิ้นงานขณะอบบ่มที่เวลา 120 วินาที 
	 
	  
	 
	รูปที่ 119 แสดงอุณหภูมิของชิ้นงานขณะอบบ่มที่เวลา 180 วินาที 
	 
	 
	รูปที่ 120 แสดงอุณหภูมิของชิ้นงานขณะอบบ่มที่เวลา 240 วินาที 
	  
	รูปที่ 121 แสดงอุณหภูมิของชิ้นงานขณะอบบ่มที่เวลา 300 วินาที 
	9) อุณหภูมิของแม่พิมพ์ (Mould Temperature) 
	14) การสุกของเนื้อยางภายในชิ้นงาน (Curing Rate) 

	Chapter6_summerize_edit7Dec06.doc
	Chapter7_Suggestion.doc
	Z_Appendix_edit07DEC06.doc
	ZZ_appendix2.doc
	Chapter8_reference.doc



