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ABSTRACT

This thesis studied of the effect of cate types and injection speed on the
shrinkage of high-density polyethylene for injection molding part. The experiments
were performed with two mathematical models of viscosity, cross model 2 and
Power law model [1], to simulate and compare the shrinkage of plastic part by
Moldex3D R10 program following the ASTM D955-08. The film gate, fan gate, and
edge gate were designed with the criteria of the same cross section area. The
injection speeds were set as 0.14, 0.26, 0.5, 1, 2.5, 5 and 10 sec. The results showed
that when using the fan gate, the shrinkage was highest. The percentage of shrinkage
when using edge gate was higher than using the fan gate. Moreover, the simulation of
the shrinkage from cross model 2 was higher when compared with the power law
model. The all results were acceptable when compared with the shrinkage of plastic

part by injection molding machine [2].
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A AgAMQIAINATIIIVLNTITUII UATD Layflat LULATMMINE iU BuIuzYI19eE 1948
tar W - ' ] L 2 oo @ v o e ' H : '
Lifudou tliosnngusnmdudeds Layflat ssilviiinnisiudounu daseinty Judu
SOUUS FIFUN 2.4 Nuamemsviugeuresdunuunavin[wis Layflat iiansviugounasyin

TiAemstiawanluiga

o o o at 1 a v v W
3’.'“ 2.2 n’l'ﬁnaENﬂ'lSI“ﬂﬂﬂﬂUﬂﬂQﬂuqqunﬁﬂ\’wuﬂaﬁ'lﬂ']ﬁlﬁnmﬂ’]umﬁ’]uﬁfaﬂ']UWﬁ"[S]



~ &z -“\;f‘v;f';\'“-v e

d : 1 3 Ry, -J 3 =
un 24 Fudausooudilleas Layflat Mimsaasenlutulssuu [5]

2.2.1.2 SDRC

) 1 ar 4
1wl 1980 SDRC lawsuwsuavsauiamuilusunsy Moldflow
anunIniAsIins nauaznsisminsvasiduluwifum wazn1stnee (Warpage) lu
Funuide leeldsingmlunisiwsieiain 2.50 midplane 152UNSAUINAMAURNAN
) - P
Wevihuemstiaee lasuanslugu 2.5 [22]
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Ui 2.5 gﬂ%m’m 3D (¥1e) ua:gﬂ%umu 2.5D midplane (¥21) [5]

2.2.1.3 AC Technology/C-MOLD

Tuszningast 90 AC Technology Idasudailiu c-MoLD 14
WA N58R N3aRET warnsvdBtiy USEM CMOLD BulRunisAuimaidunngig
Tu C-PACKAWIN Tutll 1991 [23-26) uazUanINaAIIURLA A1 ILATITAANAUANALY
nsvuauNsantuarlusanIsiasEinsmanidu fidunamuduandsiiiualusisnng
3ng wazanunsniTigUTd I alanduanuld ud 1992 - ¢-MOLD  i§dnlude
C-STRESS wazinizsmstaeinmanisunndaivneludie C PACKW TasldSunisneu
Suitaealons wazvdseimiului 1998 ldaennsdwinede 3D Quick Mldiwpia dual
domain Tuasshassntsiin fagui 2.6

a)
i
b)
1
~— >-
c)
= . -
d)
& &

gﬂﬁ 2.6 gﬂﬁuﬂuﬁﬂﬁ‘lﬁ'mﬂﬁﬂ Dual domain [5]

2.2.1.4 Simcon
Simcon lWausaiilesaintusunst 2.50 saudrdunstines Tud
1998 Simcon laanIN1saine Mesh 8819390157 Tagain Mesh asuengusnauuu 30
fisaumaila Moldflow fu C-MOLD tenlisheiu Mimuisinsingiuanis 2.50 #A3anlu
"ﬂa Cadmould Pro.
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2.2.1.5 Sigma Engineering
Sigma Engineering 31Ut 1KV Aachen umssauduves
Simcon iy MAGMA GmbH. MAGMA leaiuin1sdnasanuy 3D MAGMASOFT Tull 1998
Sigma Wadamssiassuwuy 30 fisnuewaiiadieg lunssuiunsin wasldvmunsula
mesh 1Juding Tunisvesasiivivaunis Finite differences fisamatussliineis uashia
fumhnsinafiansaviune madasesdald Mduiugnlunsdasuuuiung
2.2.1.6 Transvalor
Transvalor 1ugsvues CEMEF  Milugsiandeanisuie uay
atfuayureNwIIaIan CEMEF Tl 1990 I nedmmineluie Rem3d Mdunisdans
wuu 3D silaufiu Sigma Engineering
2.2.1.7 CoreTech Systems
InTIBNUTBLTTURLINIL Lazamdey Tsing-Hua (NTHU) léwiu
Iduainsananafndeudd 1989-1999  Foilfiinnisadreuvesu3sv CoreTech
Systems Co. Ltd, Tul 1995 [27] Ingldai1 Moldex Tnai3usiusninatia 2.5D midplane
lumsdraenisivaveswaradngs

2.2.2 Fawnistumsinassnisaananadnludll 2000 [5]
lugpasiefignamnssuilianudiyiudumeluwifud Tuiuguitassssuud
Dululsvesuwsifiu AvildAameiau nsert nelunsifuifividendnusifuniialy uay
sowlaiimssanuuuiiiininevausdomindainsueigni wazmaluladmsiinsey
wu 30 iduusslevidenswdnnn laganisduauiiiigusedudou (Complex
geometry)  fianunsasdunsnansznuresigmidon Tnefilavesenuiinissiassd
neiasadasuuszdunsldnusedld
2.2.2.1 Moldflow
UT¥N Moldflow 1a97191in3deain C-MOLD luniswan susu
usnAemseunalulad Moldflow 3asutiu C-MOLD TFuusamsitassilszansnm
¥84 midplane dual domain uarsEUUIATIERLUY 3D
Adumsvaundussnnvesszuriiesziuuy 3D fen1s3isu
1235 IAIEI Msdaselussuudiesiziuuu 3D (28] Mitessuuiiasesiuuu 30 u
Anneimsinseiinumauauimdnadlilunsinnumginssuweznsnseaedves
s
2.2.2.2 Timon
Timon WannaelfuunAnssuriieseiuuy 3D eghesiaiiies
Timon WWannnsTaTzduuNay [29] MeSnsaie Mesh lunisvinengingsuly
nsaawanadin TeefidhwminewsnAsnaviuneauaudRlumsssnuuuiaud
2.2.2.3 CoreTech Systems
CoreTech Systems 11433 Finite volume #iwmulag Chang
wag Yang [7] CoreTech lfafessuviasiguuy 3D Tud 2001 Tuuru Moldex3D/Solid
wazles22A5n15918099  Finite  Element  Method  (FEM) fiun1sd1aamng  Finite
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Volume Method (FYM) iihlidefuiianunsavinnesustanevdanssuaumsanls Tneld
FBnsane Mesh anumaeslunissiassrmigUsnswestiunuvadey iy n15a$1s Mesh T
Tndusvaausifint (Mold  wall)  dunsuiuimsiessinisuaniuaeunuiou
(Heat transfer) U3talndfuriausifiud vhlidlaldielutuneunsia dumisiiin
nsudadaluseninansruruntsdagnlfedrausiugr Moldex3D/Solid finsiiasnzvii
Usznauluse dumeunisnisde dunsunisnising mavaeidu uazmanaduaznisia
10 shethaduanduguil 2.7

U 27 woAnssimslmaestiuau 30 (#1e) basdunu 2,50 midplane (137) [1]

2.3 YUABUNITUIUNIS IUNISRANAIERAN

5 -J ci Ead = A 8 5
dunauiviiy lunsguiunis@awaafin nssuaunisde (Filling stage) \utumau
a - = a a
wsnlunsiuaninswoy Taenne nazanuniladimalunisvasuwmainatadn laed
o 44 H . - s d H' 1 1 <4
auviladulladeidwmadanislvavemarainvar uazdaiiladudundwmasionnumile
oy gl sz saewmauiou dasudeu uazmumuivestiusududu (30] Tag
L ' ‘:‘ 1 U : - ‘J : = s d 1
Uadeivatdwmaratunaulunszuiunisia lnefiaumuivestunuidadulladefidma
= @ o P FY o v ' oA o o
WNNA AIFUN 2.8 Muansmumsivantsasanismaliotunuiainaumvuiunn uas
diemnuvugunudatssasyinluiiuseinuns ivasnnivandelfuvesduaivia [7], [10]
1y Jansen (1998)
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velocity shear rate
profile  distribufion

< ' - . ' o
:l;'l.l“ 2.8 ANULANATNTIMIIUVUI TN UITURAYIAaRDNIEUIUNITan [1]

dunaufiass nszuIuAsRRgT (Packing stage) tTuNszUIUNISAEVAIINMNISIAN
- L - w [ v o @ wa
wnlnswwuulyudrvssana 95-99%  nesnwmuaulimetalrun1TnaMIsInaIann
ar < - -5 ar w W - v
NAIINNTELIUNITAR e NNTEUINNTITAALINEAINIINWIATIIMUL LN IMIALTI9Y
Y - ar =i ' v v
ufaa (Gates freeze-off) AipaalBn IMAR UL TE NN INMSAIEWAINTDY wayldlv
warainvasumallvadoundusenvininsiuvy Fauduannguesnisyuda (Sink mark)
< ar - ol a - B 2 -
e nn1svadiveswataanmaniiiiusa nsdagasldalnunuyszauim 50-80% 109
Aueude Instladenmeiu finauinsen)meitastuaruadawarann (6], (8-11], [13]
P 4 . y ¥
duspuNa nsEuIuNMsaaiiu WunssvaunsnainiinssuIunisandn ey
guvplivamaradnluwiniviazanamisuiuliinasiumenanas lunsmaeiduves
-l ea 3 o o ' 1 o e < =y P
NITUIUNTTAANAIARNTUY ILABININNTBONUVUTRIVBITSUUNA DL UNRIIUSEEANE AN
- “ i [ « o e i :
aunseaanatunmsudnald (311 szuundeiduiiuladunilsidmadonunimusatunu
30 \Wun1sine [30] wasnisvadaithivnfivesiusauda (Non-uniform shrinkage) sruv
waauiunstaniueumfaulasmsiaiemuisussnaniaaunseiigumaiianas

%uﬁqqquﬁﬂaﬂ'ﬁmmﬁagﬂﬁ 2.9 [31-32]

lbileue

J Ll
JUT 2.9 Mm3eanuuusTUUMEBEY (1]
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2.3.1 NMINARIYEITUIIUNANERNTA [33]

msuasmdutlgmiieindenisiatsauaznisuily %unuwmaﬁnﬁﬂgn
fvuasia A aedsundnuuEnslFuTesturuda Taslunmsadresfuauie
wanadndulngiinzdenhiudiusnag dnnuszneviulasTsdesiifiivesiuanudai
gneaaielildTuuitigunm nszazdunmswasvestunudadsimwddgunn ua
deanunsmiunednvuzianzvemgAnssunisuadaldiamnsmirteyalulélunis

sanuuukaznsunlelunisesnuuuwsiiumaals [34]

9NFUA 2.10 nismumsﬁﬁwmaﬁnﬁv'uwa1aﬁnwaaumm%gné’ﬂ'luﬂ'ismun'ri
5ﬂJﬂﬁﬁﬂnuﬂiﬂﬂgﬂi"wwaﬂmauuu 'lunssu‘mmsiimé'ianzazﬁﬂms{}auwmaﬁnwaamu
walnsswvuuazdndlaedhwmussiuaunimatasduias §mdmiutununanadin
ifian1masaneluwifig n Mold. shrinkage) sunseiUanduguesnainwifum
[8-11], [35]

Packing
Start (t:j:prcs;xim) Gate Mold
injection solidification open

.

[ Mold _of fo s ) In Mold Jey
o Holding ot Ragé
¥ | \

Cavity |- Pc.:.ik‘
A cavity
Pog pressure

l

Time ——>
J o = “n
gthn 2.10 anusulunssuiunsaanalain [33]

2.3.1.1 Msi¥ PvT lumsuszanuainismani
Mst PV T Tumsuszanuainisuadllasuanansmaiiudu
melulnsauuuvesluaiiuanadsruiuusazeaslunssuaunsdananain [8-12] 1oud s
Wiy (Filling)  n13dmEn (Packing)  nswaewdu (Cooling)  wazni1sUantiuey (Part
ejection) ﬁ'«uam'luguﬁ 211 Faii
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Pressure History

g Filling | ; Packing (‘oolmg Fjection
B C |

E’ T (l'l't-t'l.t‘-()m

:

i/ z

= | D E

A Time (s)
\bnlidiﬁcalion time

Calculation based on amount of
material in mold at freeze-off.

JUN 2.11 anudiuusastasaailunsyuiunisan [1]

IN3UR 211 WuArwduuiayyaaatveansayIunsaanarainluy PVT
o - e 1 - L | ° L - [
diagram Agumis C \ugaiimatnla (Gate ferrze-off) vilviveanssuiunisiiaunines
4‘ - % . =1 ar o
Wenanaanlag (36} was {21 Jansen, Pantani La¥Titomantio l@AN®INISIAN1TUAFIUD
Funudalndaladu wuda asmsutasailunsdagn (Holding time) uaziimianisiva
«d I ar ﬂ" - ‘J ar ‘ﬂ. 4 ar
iinasiamavaiivestuaiunenadn lngnanududaaiingasionisuasi kazye £ 1Ju
iy Lo . ' « v & o -l
nsvvIuMsUantusueena Wi nngunuItlumsianiswesiuiunisnisdiuiui
<l ar o = i v de e s
WendupusulunsguuMsinusast 1 mauRusiu PV T lassunss [37)
2.3.1.2 aAnadunusves PV T lnasunsy [33)
J <a o . " -
WasnnlTumsdnmisnieaaniLuureuneslunatadn
» (3 < - o © '
(Thermoplastic) gnimuAlAEATUYBIRUNIINALAY TUALTIAINITOAUIN WasmAla
ar 4 d 4
naunmsauduiusass PV Tlaszunsy Mmnlaainnismeasl wazansaruiue)
Yinestuwnieauunwiulinng Afifvuaguv)iitazaudu kagdiannsaia
Y = a
ansnsasuutas PV T leazunsa weamanadin lalaenisvinaas [8-11)]

2.3.1.3 PV T laazunsyu AungAnssuvesindwmes [33]
L7 - L4 - A‘ v ar 4
TaAWATANABINTANY 32 ANBRILIBULAZANAUIINABUBNT
rdwmalaensinuusuimslunasiiuiin lnenaartiainnsadnwiwazyinaanudils
. I’J i - ..’ L
wqmﬂﬁun'ﬁ'lﬁaﬂama'laﬂrﬂ.uuumm AauAwaERnaIIuNIEYIIgNUanoan I NuaINuIW
u.a~wumawumaruwnwaa‘lmw'uu'[ﬂﬂm's'l.'u P VT leezunsuy tvislunmseduiese
avLaﬂmmuna-"mmmmLnﬁmiuJaauuﬂaanu'uua'mwa'lannan Tﬁnﬁammqﬂmaq "
Lnmmmnm'iuJaﬂuuanaensMnamnu’luuuwuw s‘mmn'm'l}auuuﬂm-uaan'i'm
»
gaumaiivesmaradnluwifunaie (8-11] PNuhaldumdenasuu PV T laezunsuy
.-' 1 -] J J - « - Y f ar
WegA s wziasuwlasly uariinsizianuiulyvemaradnluusifum s
-
wamsluzun 2.12



16

€00
I N -
500 B Pressure in cavity
- 220
/‘\ “; ya i
N\ % [ 5
400 \ . 180 <
E A\ Temperature in cavity v
; ano \ l‘ 1‘0 g
L w
g - = ne g
E ‘\“ 100 #
100 X “"--L“ -
G i | .
g 20 30 ry 50"
Time {s)

wd a - - "y [
Ui 2.12 prwduuazqungiivomanafluwiiu

mmﬂ‘n 213y PV T lesvuns uﬂﬁa’aaqwmamnma'lmmmmumum
aumnwmaummmﬁuﬂ'li‘lun‘svmumsaﬂ mngﬂuammstﬂauuuuawaqn-ﬁﬂ PVT
Tnasunsil velnauessin Semi-crystalline uaslwaeiviin Amorphous
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1, i
o Polystyrene
(amm?hous)
1.04 [_ i 1- I __i,
1'02 foee _L‘_ e

U (em?/g) 1.00 "'“'*"'”"irjicreasing pressure-

0.96 T —
i g
i ! (m with pw)
0.94 | 1 i i
0 50 100 150 200 250
T(CC)
1.35 ! { H }
Polypropylepe I bar —, \
(scm:-crystallme) : ; 200 btk
1‘30 P i ? ._.5_ — >4 ..: - 2 ;
: Increampg pressure | ; 400 bar
1 } : ! -1
; ! i - 600 bar
. ] .25 e Al g £ AR _._-.i S | : 2t 4 - l e - s
H 1 { —
| | 1000 bar
3 F S-S : NTHNTINT ; =l ST L A —
L (cm°/g) 1.20 E ! i f e
i ! i T
i | i
: |
(increases with pressure) ;
tos =18 i L i
0 50 100 150 200 250
T(0)

gvﬁ 213 PV T laozunsn wansdaawarafingin Amorphous wazwiie
Semi-crystalline [33]

Tumsvadauannsaviuneldlasedemudmusssning e Uiines way
gumgiivemaainluwsiardisnailunsie fiuandléon PV T laszunsuvemanadin i
uansluguil 2.13 MnAnuduiusisnanisannsmimginsaulutaaaasineg vestunou
NIYUIUNIEN 109U uazgrmpiisauantluguil 2.12 uwdesas PV T vaawanain
fuandluzuil 2.14 nmmdiniustiaansovinnemsvedvemanainle

123082



Amorphous
polymer

Specific !
volume !

(D]

- Volume
shrinkage

gy e e *. iy

pressure
(isobars)

i Incréasing/

Room

temperature Temperature

—_—

T
Melt

temperature

U 2.1 sl Py T lnegunsy lunisvhunegnisves (33)
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o - v 1 = w ' a
INFUN 2.4 95U BMARETIILUNTEUINNITANTINAIBFNRUS TSN AR
- - '] [ e o ¥ :
USuns uavgamgiivesarainluwiazdaanailumistn assialuil

1. aENAuYINsELIUMSEn
1-2. dananadnvasuidiginsuuy
2. AugansrummsEn

2-3. Minsangh

3 qaq«qmmmsﬁngﬂ

ar ar c‘ > - b o ar G
3-4. Snwamnusuime biliwarainuasulvadeunau (Switch-over)

4. SNELIIRU

4-5. Anusuananlo R NAensudwave laInTy
5. Yy wanainvasultansoduinsauuls)

5-6. ANUAUARAIIUIULTINELF

6.  AMUALNY LTV UIVIIAUAUAUUTIEINIA (VLR TUUYNTUTUIATBINSY

wuu)

[ ' & o
6-7. Vinmsvastgutuam
7. Waluamihduanuesnininsiuuy
7-8. YassWildusdnmguvgiivies
8. Yunugae

L Al L -..' el - =3 : [ -‘ 4
TaganunseazUladn navedvestiunudanaradinaziintulutianai 6 - 8 &
Wumsuedd lunsyinuvissnsuass luwifam faiudsannsaminsuesyamalannian

< - w1 P
T nauns % 2.1 wazaunisn 2.2 sesaluil
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VW — VF VF
Volume Shrinkage (sv) = ————=1—— (2.1)
VW vw
LF
Shrinkage (5) =1—— (2.2)
Lw

dle Sv = MIARIAUUIUIAG
S = msvemnuuusEezlag
Ve = USinmsvestiuan
v = U3UWSUDILINUN
LF < quinAnglB 1908y
LW = TUINA B TIVDIUITURN

NNSVAFIYBIBUITLERINAISNAAE VNN TAATUNIUISITUS DU B UL YD1
‘:’ wd ar A " L ar 1]
FUNUAANVIUIAYRILNTIMUUVILANA 1N TasdTa1somInsnasala lumiie (Inch/inch),
(mm/mm) wiaduilesiduinismam lasanesignlunsmagounswasiuiiyusien
W P ar a - L) - v
sauanaluguil 2.15 Tunisveaaunisyamiluinnenisivasslinisuanasiaia 1Ay

v ' o )

anAnnIlufifmesInntsiva (271, [36]

Cavity
{5 indength x ¥2inch wide x 1/8 in. decp)

i l
Vo e, Inflow shrinkage < e
£ dimension
Edge pic

gtl'i"'i 2.15 'ﬁuqmnmmﬂi'\u ASTM D955-08 [33]

Chang (2001) [13] l#AnwmgRAnsRIN VA LazAmAmnganlunsyuIunEn
oo llumasmnnmsgu ASTM D955-08 Tumsfnm dwandluzuil 2.16 Tnewavils
w1 awdudndt namaaidy uartailunsingunndmaliiianisuadies diu
goumpfiwifiud aududn gumgiivassannazdwaliianiswadaanniu lunimeassil
wuimavedaluiimemsivadinavesanniigaynideulunmaans



Sprue and Runner
:';: . N i’,i;:/:i- i :\\\\\\ A \
: i : i
L7 Vi St N L
[ ‘t‘\i‘_}’,g’/ -
%T\‘ - Along-the-flow direction
- iJ- .' :
AN ’-'
“HA ‘ 127 ——— “"“I
= B — 1
N == ]
X ___{‘r:.* Sample | 128
T T_*_ E— % LY |
W 1
Thickness 318, =

jﬂﬁ 2.16 luwman1sneasunTsvasa Chang (2003)

Across-the-flow direction

20

INNIRFBUNNAIATIFINANNTAIRAINIINAN LA Iesunfinamadisziiuna
a o & o d v v o T Y | =
NAWINNTLUIUNITAALTIAUN 48 FalauaninsiaAInI s Wesanmsiasuuas
-~ = - ” 4 ar 4: N o L4
vamaainuile Semi-crystalline aansawavuudasldnasainvaniuanuesnainuiiium
4 - s v-i .'a =3 s J’ (Y =t J’
Hamsaanisvaaataneaidu 9270 wiafuiy lagduegiun15pndunuTuYe.

Fua [1] fuaadugid 2.17

0.2 r%

ﬂ}'l[ —r I =

18 ;‘_—'Dn" pan (as molded)

~{ Typical drying curve || Drving conditions: 1
(L "o PRECL, |/ Aletemp:20%C | | [
': Dew point: <-29°C l X
015 [T 1\ “Wet\pellets
.
r 3.’%&? . Moisnre r
‘;f] J : conlent t

Drying ume (hours)

(RE 0 |7

Time (hours, days, weeks)

o w o« <l e ' w - -
JUi 2.17 mudiuduesmutiuitinadelasaieuestuaudn [7)

Equilibrium
moisture

o —

- a - a = . . o
Tumswasuwlaswesturudavemmarainyila Semi-crystalline ausavasale

nasvansanainuinun lnenisdadealaseasislwiludiuves amorphous

Wae

. 4 -a & - & - as 4 oj ¥ "
crystallization  MAATUIINNIPATUAATUTEITUILUMEMAINTUaRTUNUTITUBYNU
-y - a o
WIRAIMLNYE RGN (1] duandluguii 2.18
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Characteristic |
Pm_ -
dimension (—  Jime zro: par cjection stabilize
i * Tpart * T ambient
- » Moisture content -0 %
L. 1 | - | ]
0 Time (minutes, hours, days) =——3e
P [P & Py -
N 2.18 N1SvamlUaIINATNIUTRSTUIUEA [33]

2.3.2 PMIINARILUY Anisotropic WAZNITUAID
g - - - - o dv =)
AIsuagianuy Anisotropic \lungnisumiiatiulunsyuiunisaa Tunis
° o - - P [y -
yurssundunude arsaunislu wazn1slinwilonnaudunieluiuinu lne
o a - o w a \ et
UaqUuamnsaldlusunsulumsimssinszuiunsdamelusunsudusagilunismeig
i Y =i Vel d - w ale '
Mgalun1sponLUUINLER wagAingaluntsvaianaznistnels Tnetladeniinase
as Jlaj by : < Aoy o ar 4 : 1 L4 Mo 0w ‘:’
mavasmnliunfvastiuaude niitsdsasialul 1.nsehemaruieunlivinfiue sty
dn 2. mavesauuuliivng 3. wgdnssuniavedavesiantunastwaiiuuuu Anisotropic
= - - T Rad, ¥ - [ e
4. puaieniiasinaIBiseunnEivegUINIuNY [17, [38-39] fauandlugui 2.19

Gate Orientation effects Differential shrinkage
. >

J <. - - -'5
Jun 2.19 noAnssuNM IV luirinamsivauasirmefaannmsiva (33]

2.3.3 Ml lasduasiiunuuLdwsvadnawes

lumsusuusenmantaniinavasian leenluudrsinisidulniues

o o @ = a ¢« o - .

wentslunisaanisvesilunszuiunsdavesindwesuiin Amorphous %38 Semi-

. « v - « o v fw o

aystalline Ineimvesazluunsnaglulasiairevesindues iduwusiunsvasilu

firmamsiva (In-flow) Aumsvadilufirmanaainnisiva (Cross-flow) fsgun 2.20

mauiulvivesasdmalinisuasmluiiananisivaasastiseninnmsvasiluiianiass
2nnsiva [33)
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2.0 Glass fiber reinforced acetal disc

{semi-crystallinc polymer)

- Cross-flow shrinkage

Mold
shrinkage 1.0
(¢}

Relative measure
of warp
or internal stress

=
B
05 In-flow - -
N shrinkage
ol 0 1 1y I I O S S
¢ 1o 20 30 40

Gilass {iber content (%)

P> ] ar < & o . . o a [
JUN 2.20 muwsnsinerasn1svadmvadndimeiviia semi-crystalline Maxlwives
[33]

2.3.4 nsussgnald 1]

msvaiauetiuladesineg el

1yllevesian (waadn) Tagiusnsneliedutanlvainisveneiuasniswe
FANetU BTN IS NHALYNAATILAZIRNIE AWML BUAUANIY FedanansenuiuaInig
UAR2

2.3UTNYBTUAIU 18U AWMU JUNTWRINUR ATULSULTY UazBUY

3.01598ARUVLLNIN FBBnLuuABsiAnRanafIveIwatainily seuuns
yasiiu sruuFIuaEIan warnInseatesivesAuTBuluwifam

14
a o 1 [

J e L1 =2 4 ' -;’
4. an1Eioulv e UURUN 5IUDINTITITHIUNLITUIIY gunguuiasigu
& a o g 3
AIUBUVDINAENN L’Jaﬂumiﬁﬂ LLa%ﬂ']'luﬂum‘U

sanmslunisde wu ausilunisie anudu van gungd was
Uszdvisnmuenaieidn

2.3.4.1 aaudslunisnena

wanaRnviasamadgnislulnsuuvauiy TasszAenq Wnauduily au
aiuazduaudluiign variinmsmwdadusuiu narafnssdulaiunimibulasinnasae
anamisufivgamgil

o a P ') - X ' I
mevdsiwaraangnaaalululnsiuuy mudueziiniuegnsimimiey
fUNT59RA789ANNALTUIRSIMUY TURABKANSENUYANTBINITARY UNRAINAUILAINIIU
997 (Gate) USSR NEIRINATILAUARAINANERNIZLEURILAZVIAR,) AL
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a ~ ey (3 s o o e L4 @ @ [
grungiivasuiva) gamaluifun anudulunisia waznaivilld Gate)  wdeda Uu
[y as o [y Qs 1% &
UadudhAgierdunmmediazvunngaevesdueu [8-11]

2.34.2 msﬂaﬁﬁmw

Funuiignuaneenlnefitunudshifgumgivantuau (Eection
temperature) drdsmalitusuiinnuuiusdiifismesiiliamadeguuazdonsld
uinisvanturlisndudessedsgumgiivesundadlidnigamaivastuay ey
nsaaialumsan

etlsfimunnuduluiunuarsinaivineititaunmsyaniua
0N warasiBuasiguvgiivesnvdsidunasgaumgiivies Liiewwsiavilisaslunisie
unuds fahliaaradusniduiunudndiefahitunudemns wu nsefud
uon ianslnserestuny w%mﬁmmwmﬁuﬁzgu%umu

2.3.4.3 r1g1lun15mann

Tandmunndn 90%  weensvaiirldiaavatedalue wasdn

10% awifismavasmneluiian 10 T vnrlialdnamatensu esainmagadunauiy
YBRWUNUMENTINTUARTUNUTITUBL TUTUIAAULYBITL LR

2.3.4.4 N1599UNIVRITUNIU

NN3gaUMYaITUMUNAMalignInguuglivasasyiilvanuas
AangAAuAnAeluBulf

2.3.4.5 AARUIYDITUNU

4 s Y oA vor e s
pumIsiinansEnuiun et lnswisdeiinisldianniian
mstenLIeuie i PP, PE 1udu funmsulsissimihiilusinudesiunsgayde
pufeunnaelu vaspdifiturugniansenlnemaniuidausy

= e Y s v oo w - =
Funuidumasdiedudadiuainianieusn suznaelusouninga
WudsslanidmiunisananuAuludusny

nv dd r s 1 : Ad L) v ) 1
Funuilindvunasnasiiunnniniusuidindun deyadiulvg
YpINMIUARIYI s uAntsuaseeUsyananugae

a'um'vaamwumshwmmsmﬁaﬁtﬁﬂ%u 15U psmninnduluves
ndesiifiarumuniiveuneisiuny Vhamsuuazitunuesifuiaailegnuansen
uanvnigailiAamunduluiun faluaivmenimadvestumy

msuitymAermseanuuulditunuiinumahiunaeansiunu 39
msAsuLUaInseanuUUILiags msasnamsvdedu animinduau Wukaede
WaZaARUUNITHER
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2.3.4.6 HANSENUTBINITUARL

UnfguinwiiuiazhinsudmansenurainisidanAinisvagg
- ° o v a - o
HoonuuLIwBIIMMUAlidalIuLAaaUNNAIINEHAREANATARN N INsWAuL A

AWANTENUNULLNUN
2.3.4.7 wansznudiaUnausinum

- £ w v o o - - v v [
Tumssanuuuwimamsiss iU UIasiuuasdadld
wsalunsUantuuIINus LS WL lunsiauunawAa Lssna I sovusduUs s ansuse
W@uanuseninamataanuasvanld Larn15e8nwUUNAAINSEeLs U luwiRuRLUY

mausuwazam lunsvidadunmnzassraansasaunliuunuld dsguin 2.21

I <>

o4 F .
gﬂn 2.21 M399NLUUISUULUanTuIY

2.3.4.8 N15UITUIUAINI VAR

d W i - s .
AT 2.1 9RTINMIVNARIVBINAARNTUAR)[20]

viinian DNTINTTNARD IATINTUART
mm/mm (ﬁﬂ/ﬁ')) (%)
ABS
high impact 0.005-0.007 0.5-0.7
heat resistant 0.004-0.005 0.4-0.5
medium impact 0.005 0.5
0.020-0.035 2.0-35




17199 2.1 dasmsvasivaanaradinulingneg(so)

wiinddn BRTNINARD 3nINI1TUAR7
mm/mm (§i7/i7) (%)
Acetal
Acrylic
easy flow 0.020-0.035 0.2-0.7
general purpose 0.002-0.009 0.2-0.9
heat resistant 0.003-0.010 0.3-1.0
high impact 0.004-0.008 0.4-0.8
Cellulose acetate
hard 0.002-0.005 0.2-0.5
medium 0.002-0.005 0.2-0.5
soft 0.002-0.005 0.2-0.5
high acetyl 0.002-0.005 0.2-0.5
Cellulose acetate butyrate 0.002-0.005 0.2-0.5
Cellulose propionate 0.002-0.005 0.2-0.5
Chlorinated polyether 0.004-0.008 0.4-0.8
Ethyl cellulose 0.005-0.010 0.5-1.0
Ethylene vinyl acetate 0.010-0.030 1.0-3.0
Fluorinated ethylene
propylene 0.030-0.060 0.3-0.6
copolymer
Lonomer 0.003-0.020 0.3-2.0
Nylon
type 6-6 0.010-0.025 1.0-2.5
type 6 0.007-0.015 0.7-1.5
Nyton
type 6-10 0.010-0.025 1.0-2.5
type 11 0.010-0.025 1.0-2.5
type 12 0.008-0.020 0.8-2.0
transpararent (Trogamid T) 0.004-0.006 0.4-0.6
glass filled 0.005-0.010 0.5-1.0
Phenoxy 0.003-0.004 0304
Poly 4-methyl-pantene 1 0.015-0.004 1.5-3.0
Polybutylene 0.020 (moulded) 20
0.040 (aged) 4.0
Polycarbonate 0.005-0.007 0.5-0.7
Polychlorotrifluorethylene 0.010-0.020 1.0-20
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viinden ATIN1IVIARL AT IMAAT
mm/mm (/i) (%)

Polyethylene

low density 0.015-0.035 1.5-35

high density 0.015-0.030 1.5-3.0
Polyphenylene oxide 0.007-0.008 0.7-0.8

modified 0.005-0.007 0.5-0.7
Polypropylene 0.010-0.030 1.0-3.0
Polysulphone 0.008 08
Polytetrafluorethylene 0.050-0.100 5.0-10.0
Polyurthane elastomer 0.010 1.0
Polyvinyl chloride

unplasticized 0.002-0.004 0.2-0.4

right 0.002-0.004 0.2-0.4

semi-right 0.005-0.025 0.5-2.5

flexible 0.015-0.030 1.5-3.0
Polyvinyl dichloride 0.003-0.007 0.3-0.7
Polyvinyl fluoride 0.030 3.0
Styrene-acrylonitrile 0.002-0.006 0.2-0.6
Styrene butadiene elastomer 0.001-0.005 0.1-0.5
Styrene methyl methacrylate 0.002-0.006 0.2-0.6
Vinylidene chloride 0.005-0.025 0.5-2.5

)
2.3.4.9 HansEnudue
2.3.4.9.1 guUs1evesiusu
o i 4 p=] P v & o oo
dmiuBuniundesniuasnIsnIsuadaniadununiauazidengs
i‘hLﬂuﬁaeﬁmsm‘luﬁmgus'wwaa‘z?umuaﬂuﬁmv RAVRTEY Lw'mLflua'lms;msl,ﬁmmmm
Wudrdwadefuiunuannsausnussnle
:’1 ;1 [ =3 i } 74 ay ] Vet o of 4 &3
avdugeanuuuintudaddiuuantuau uasmstwualilyuiniiedy
AMTARANULAUTIIEHNTY waranuwstunsiUauRunLA
AulAwastuuewssyiivgnAliiamels uatimudrAgundunis
YanduuLasannIsuaaT
) a & da w o od et - v @ o ad o o
NENNISINUNUNRIA WS U U URLAINeT IS B eun tTudnisnilan
drwannvas Wy nsviudiugnadiu navinlutiu uasbug
2.3.4.9.2 mut (Gate)

- ¥ o ° f o X - Y
Wisvnatln (Gate freeze-off) azyintiluanansadamiananadnidnlulnss
wuule siady Lailglunnsanegdwssduiustunsialnvasmadidunissawenisve
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LY .:? d =y ) d‘d <, 1 Y <4 @
Frosunuoifanisiiudl Gate NilwunEnILUas wadauReweiun1saALYeNIs
NAR

Gate #idvuelng vlvinisudesadn dulngldudtyminisuadslad
zansaiiunusulutlsnsangldinntiu S1uiuves Gate inansemuiuatIMas
Fesndusesinsanludessiuves Gate nszvildunuduniulfiiTulasiasny
sulusunution flavdmalnessaraduay [8-11]

FUNLYD9 Gate Aliwansynuiunisvadi Gate IRmsdUIANdUNIY
gudnaestunuieauantsivauazieiliumsanauglunsiva ivsznmvediae
WLTUIATETINS YA

2.3.4.9.3 n1svdaLdu

Funuaziinruunnsvwesgauniiasugag (Core) uasiaile (Cavity) &1
Fasimsaemauieusenmnuifuthiviiusssilifsaudusndsluduay fide
mMsvaFatnsine AWSUBuIUTia e AmRie weslinsudndeasionsandu
i [40]

2.3.4.9.4 nsanaBatsluana

a a ¥ ve I < =
WenaraRnlaiuaiuiow 1NNsTUNAAUALUTUTIANTUIINATULUTEY
anj wanaRnazvasuazatsuasibiluanandedugnidndeunlieg1asy

wanadnaaigndsiluTulwsawuuwifu Idhuanausnaladinvedns
wuuaglvauasgnidvsneussiifnenausidou uarasosluiirminisiva du
Wluaganaradnuinumsinanlasudnswannaisuiudoutes iildluanalifinng
Bosiusnuungs nsewhvesnelgluananatain (Molecular orientation) Tuiwd
8 wsnnvetiastiuagiuariniidn faruidannsnoleluanafiFeshluuwndn
ssinniflesinerunfuouiinsyyirsluanal1]

fuuinaiiredunuesiiaududeu eannninesiivedy
Tuanafignadutniienumslvasagiiunnssnansziismuduidoutiosigaluvnei
wenaRniaalulnsuuugnnaeidu uasdlemsindt madssvesmslslnanaidunane
#1 (Relaxation) TflaanagnaasumesinduivinalndfuniuifuinsiGeivesansls
Taiana (Residual orientation) Sinmifesannsudsiaiiiann fahildluanadadinanly
msseusmetios mudwhignddadiaant’ vililimnudunndnege USnadlegyneen
nifuiinmsdiomanuieuiith msSesvesmdldluananniedles (4]
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AMaNUALRIIHN wasvgufnisAAnaEin

3.1 YUAYDINANERAN

Togivdmivnudanarafinlaevaludeuwisesniu 3 Ussianmeiufe ngumes

?

Tuwanadin nguneslues wazngudanalawes vissnduarievddinuanifnuansiaiu

welud

3.1.1 wasluwanadn (Thermoplastic)
wesluwanadin fe wanaRnnansatndusnldlmilddawdsanilunas
Yiwdodne iWewnussBawmisiveduanaiidneurbions 1wu PA (Polyamide, Nylon),

PE (Polyethylene), PP (Polypropylene), PS (Polystyrene), PVC (Polyvinyl chloride),
PMMA Polymethyl methacrylate), PC (Polycarbonate) Wusiy é'f\maﬂﬂu'gﬂﬁ 3.1

U""v't:; ,

C» %
fJ’ o
} 'HH -.“Ofa"‘((_/

,O"

—

P @ Y = .
JU# 3.1 dnwasidulenanafiouuy Thermoplastics

3.1.2 wasluiwn (Thermoset)
waslulen ﬁawma&?1nﬁﬂgﬂs’mmiLﬁamuns‘mﬁﬁmiwéﬂﬂ8'1%’@13134%’@14
(Heat) wazuseen (Compression) WIBHIUNTIUIBNIHARUIELAVIVAENAARN (Casting)
udruadssliuseninuisouasimilmaelassairefifusium (Molecule  Cross-
linking) &sazlianunsavasuaratsrinduuldivally wu PF (Phenol formaldehyde), UF
(Urea formaldehyde), MF (Melamine formaldehyde), UP (Unsaturated Polyester
resin), PU (Polyurethane) tlusu G‘\'Quaﬂﬂu’gﬂﬁ 3.2
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o Y 2 - .
JUN 3.2 dnvasdilewanafinuuu Thermosetting

3.1.3 daalawas (Elastomer)
Sanalmuasnarannnse avduns1ey As varadnideinlunasuvas
v 1 v o @ @ ad e o i . ° v a Y
wdvasslvifiuaundamenssuisiamluedu (Vulcanization) agliialassadiawuy
$19unt (Molecule Cross-linking) nmal@aviswatesmudsuniiuyy svvitvldauisaln
nduLviassuallasn Megratu 819 SBR 819 NBR 8719 CR kavEngage% versify (Judy

3.2 AUANUANINIBATNYBINERAN
3.2.1 waTdRnawATIZH (Synthetic materials)
warafnduasieiiuyedadtunnilassadeluanavuialvguin
(Macromolecule) Usznaudagsindifge asueu lalasiau sendiau Aassu (dudu
Indwefifuasusznevitiutinlmanagainiulussaed vioduaszisuuinaues
Tusysue @ (Natural polymers) iduiasie 157 fhe 1dulesssumnd e wis wudnd Wusu
Indeddauasnzit (Synthetic polymers) 1aiu wadasin
3.2.2 lassadevasdvdweiuazmsinguinsluanavasindwes
lanasnvsdndweiviodnumurdimuaznidagusluanavaddndwes
fivaneuuuiusgiussanvadindeinsnitdnessy Fsmuuansnsedlassadsdina
AenmantRanziy WurTuwuwiy Ay AU anuBevgy muuds Ay
T Dusiu
3.2.3 laseaivaslndias
3.2.3.1 ITndwefuuuidusninaen (Linear shape) dshisenaziivhuin
Tuanagetu Sammudusegetu nanudeuldity duandugzui 3.3

|

o = L3 I8 v
JU# 3.3 Induesuuuidueianen
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<4 o

3.2.3.2 Indweasuvuurulagseu (Branched shape) lnaadrauuuil 4

Trluanasgvinefiu Faviluliaaumuuiuies dwmanslugun 3.4

{‘ -'.f
0 <l
" ’
§A
:—-—-) R
- ) <.-\__,x 4 - “\\‘“-Q'{“

o a <
UM 3.4 Indueiuuuwenuulagsey

3.2.3.3 Indwasuuuiouluannsnsun (Cross - linked or work
shape) lassadiuuuiivililnduesiinnuviuiugs uasiinuudussge sawandugui
35

o o < < i
JUM 3.5 Induesuuueulewmseinaun

33 Qmﬂuﬁ'ﬁﬂm crystalline a2 Amorphous thermoplastic

AuaudRvemaradin dwaunsaduunsentdmudneaelasaing Ae Crystalline
wag Amorphous (non-crystalline)

3.3.1 Crystalline

Thermoplastic  uwiisfidnuvazkdndsasdedddaumgligaunninaniie

vosdaazilivasuaranslasluanavemarainazFeaiiiuaglugurawmdn aialud
Geninsimeifuuuulassmiiendn maseshiuvewan sududtesiundsauiias
vililuanausnesnainiu viendanuivihliliianasiudaiu Maegradundanuai
Youlilfluanaveswaradnuendeonaindu Tasaenumsiasdnvenaiainyia
Thermoplastic luannisidsuulasanusdesgamniinazaniouuss dnvasianzee
TAse319mdn Thermoplastics ~ axiidnwariuamauautanumenwiibudoiodu
non-homogeneous (anisotropic) ﬁ'ﬂ&ﬁﬂﬂugﬂﬁ 3.6
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Heat

Cool

g‘dﬁ 3.6 WalweIuuY Crystalline thermoplastic

dnwazlamzuedduananuninszaisluzuresduanaiiuwsnszanslugy
voswdntupuiduriudiareglugUuesin 100% Hulvlilddsnus (xo) Aesndu
Y0 TUNTEIALA non-crystallized Fufulasasnandn Thermoplastic 133enludn
Fowdlalédn semi-crystalline thermoplastic Lﬁﬂ‘z‘fu‘luszmwnsxmumiﬁimaqaa%aéﬁ
Wundnlasemiang fee9ved crystalline  thermoplastic Usnaudaunanadndsl PE
(Xc=80%), PP(XC=50%)

3.3.2 Amorphous thermoplastics

Amorphous thermoplastic Flassadratuanawuuduiesililiuszdeu
NngALdneg AR Amorphous _ thermoplastics aamgiifidsuaniuglidaou T
ﬂﬁumumsvxaaummmwmﬁwnamunummawmm uavwaaummunuaﬂvmw’la way
muﬂmauummamammﬂmuammnu Homogeneous flauandlugui 3.7
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Heat

Cool

gﬂﬁ 3.7 InAwesuuy Amorphous thermoplastics

IﬂﬂWﬁWﬂﬁﬂﬁ?lUﬁ%Wagiu%ﬁﬂ Amorphous thermoplastics 15U Polystyrene
(PS), Acrylics, Polycarbonates (PC), Polyvinyl Chioride (PVC) ilusiu

3.4 ATUFUNUSUDIAUANURANNNITAINYBINSRANBIFAN
3.4.1 anaNUANIINEAWMAIUAUTaY
ArasRvImen e ouaInnuseenimus
3.4.1.1 panvRlalneg
YTnasdumz V, anavuiuiu o uasauduiussening PVT (Pressure
Volume Temperature)
3.4.1.2 AyauURve Calorimetric
AMuTouduwe ¢, Arudeuk, auisulunivasuazaisuazaiy

LourvnlmAsmsinizsnudunan

3.4.1.3 gamgiilumsivdguudasaniuy

Glass transition temperaturer , melting point 1,
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3.4.2 AuanUAtUSung
3.4.2.1 Y3153 1MNZUaSATIUVUILLY

Yiumsdnunigiinalagasetuanumuiuiurematadniianis
wasumaIRAsuulasanus Thermoplastic  annsaldauieulunsilivasuman
wabuwasanuzanvewdaiuveanadluvardanarain vieviilMidusasiigumaiion
dlaafvdunsruaunslaswdsuulasansanvesvandureduiinasdune ua
AMIMLILLLIzAsuLamuNsWaBLan LN @aurveauds wisaniuzveanad)
TnoananiAginanazasuulamugumgiitazamusuiivdouuuasly

duddty Thermoplastic  lanusvaavarneldlassaiiluana
wuussiiewiliusmmssumziiamnn Fnjudwilienumnuiuiisiesas wisludn
nstinils Thermoplastic Mapuryailfnidliflasailuanawvusaidewihlvuiings
Samziirios Sedwaliarmamuuiuiannn iy widlugesnsdinaandumgue
YBIMINAFIVBINATARNTUNITHAR TANMYPARTUTINTNATTIIWIE LA AT VLT
Wasuuassgninsanurssuduazaniurvesinas

mngﬂﬁ 3.8 lauany crystalline -thermoplastic ﬁmmwmuﬁuqa

vaawaradnvilaPolyethylene (HDPE) TagiitSinmsdainny uazanumunuiuiiuanslilng
nugumgilvasuwalzes Amorphous thermoplastic Ly PS Tundnuaeniianziinns
WasuulasSunassamizedadn uaninnswieutisu Crystalline thermoplastic 23
nswAsuanSmnesiumnsathssniitlanillasaiesdndeasdeddgmugiigunn
Vnanmyvawdiissvilinaanazarslagluanavemaiadindnanumniiuinni
Amorphous é’euam‘lugﬂﬁ 38

>

Specific Volume

Amormphous
Semi-crystalline

AN,

Temperature
d ar a 3 1 - " o
JUM 3.8 Amnudmiusseningaumagiineyiunnsdime [1]
3.4.2.2 anuiaulunisnasuazaisnara1u3oauYeInIsiie Crystallization

[ - s o v | - '
ausaulunisvastazaiefe nalumNSauNReINSRentaMLILINa
- A o " & T - a
YomaaRnvinlvl Crystalline naneiuveainad Heat of crystallization ABWANTUAIN
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)4 44 ¢=' g a ] - - - .
Souiiuduresmaiafinszninnssuiums Crystallization 989 crystalline %38 Semi-

i & s ¥ 5 =i 5 . ) £
crystalline Fawasuanuiausisannsd Heat of crystallization awsainlanwisms
Differential Scanning Calorimeter (DSC)

Enthalpy s
crystatiine

Temperature

o ) Py o o
U 3.9 muduiusvesgamalifundsnunrudou

Crystalline thermoplastic Fusiuwiviiannzveuddluguvedaseaie
Tuana InendsummSeuiasyliiansiasuulasanuslfsfeuiumdsnuay
foulvurlnanansuiluanassimefulasiatiieitugavgiivasumas LaswaUAY
Souraen IvaBNINA) FIBLINIUNEIUANEUIBINTINERIMAIYEY HDPE @B 267.8
J/g (63.24 cal/g), LDPE winfiu 131.2 J/g (31.36 cal/g)

3.5 WeANTSNNTSIMaTBINaIEnn [5)

nMsssnuuufaWEanaaRndesiaants ngAnssunsiuasuuaceduiana
lunisaananain nswasinduvesaislsluanaidiadusnudaibusiag Relaxation
characteristics) fuUsiumummFudauluiisnmslvaussiannisiva ddwasdents
vadvestunudaliviiu

3.5.1 ngAnssumsvainauvesdeldlunans

waAnssunsvadandurssareldlulana figaumglivasuvad gungl

meluwifuivasuwlamsegumgiivasuvmiasuwasdwaidntossonginssu
manasnduresaeldluans winswasuwaniudwasesaumsuantunuda duane
Tuguil 3.10

% Sy v
DY =

& 7% T

{a) {b)

d = < aa
JUT 3.10 nefinssumsivasvuglawanadin (2) uazng@nssumsivauuy
ey (b) [6]
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TaengRnsaummamnduresnelsuanadussiennauduideulunisinuae
mafrasanslsluanandnszuiunsin mawdsuulassandatuiinadenginisy
mvafnduresmeldluanafuiailunsie nsdafidigaiuesdmalianeldluanaia
sanuazn1sanimuiigdwmaligumgiivemarafnvasudugeie Tedemalfansle
TuanaaunsovedanduAuanmssusilivainssuumsin duanduguil 3.11

U 3.11  uanmginssumsvesanduresmsldluanaiigumgiivasuitinugis
mad uagiwsewuy TasiingAnssunsivauuuylawanafniussivaftduiusiunsdui
vastamifiun Tnemududeulusaenarafnuasuiunisulsiivestiszdasie
namadudsnnmaduBui Gate freeze off) Tussdasnisdadhdmaliiinnisvadh
goawanadn (Volume shrinkage) fidiiusiunaimadudui

Molecular orienlation ss molded Tensian spring analogy

i

Moleculer relaxation and change
in part shape afler annealing

A = g e o’ k4 U
JUT 3.1 ngfnssumsvasanduvesangldlnananasnnmadindud [7]

3.5.2 MIaaasvasnnununelulnswuy

nnsdasansdalaeTeinluisauwinaunsogugAnssunisivaves
wanaRnvasulunszunsan Admustunisibusetnerind fiuiusifiad (Solid layer)
MR nnsiuditnliuifvirenarainvasy swanduguil 3.12  WHungdnssums
i ainfevedlnsmuvsnsvldwanadnuastlnamudiulnsawuy lumsudiniues
duiusiumstiememmiiautasnalissfummidsuitggudelunseurumsivavemanadin
vasufrdmademududeutusnsdoutuiiduiusfusswineifuin i iunanadn
vaey Insdswalifnmmududautusnsndoudigild
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“Relatively™ cold mold wall

L : Shear W
e heating v \\
— ) ‘ \

[ emcramgme ST Y =
-"\. - j//‘\‘\____\_*‘;_;*?? J:/ /

! A : B TS A
ANSAANRRCRRRNNRRS

Laminar velocity profile

N\
l«s*//‘

ol |

Flow from
(fountain flow) "_

- [ " . i - ¢ da - a <
JUM 3.12 naifumegnadiniuaiiiug Anaangaumalinislnsauuidu [7]

& = a
3.6 “uj']un'izuqunqiﬂﬁ'wa'lﬁﬂﬂ

&
3.6.1 JUsuumsdanugu
ns@anaradndiunisinanatainvaliusasnenidn Whguaiia Alvarg

- o 2 = - 40 '
21 warmat unsgiilvailiiulnswuy (Cavity) - Faduvinauiimunguinaes

> o =
Fuaue dauandlugun 3.13

Melt Fyont

Tube Flow

= : -4 o
JUN 3.13 jdwuunsivanugulunszurunisianaiadin (1]

3.6.2 Wugunsaawanann
nsEUIUMTEANaRnasnesUelERI wanadnazgnuasuvaagaelang
dshdauardadnlumeluwiiam dmorududmislassmuduililunsudauansius
{finrnuseivinld wanaRnmadadeudsiuluguifuiuvasrduiinsananids
Wi aufinnufugalugsgaiiiwmisiandnanszesvisesgmadmatainves
Gate udnaegausauifud Farmusussiimanauion ewnArudsaniuves
m3lva uazFmiuazosiigauanisiva duandugui 3.14
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Thickness Distribution

¢

The dense melt front etgnpntemiel The sparse melt front equipotential
lines represent an area having a lines represent an area having a
large resistive force small resistive force

d ar d @ - ] "y lag 1 o
JUN 3.14 anWUIZLAGDUMIYBING 1ANVE2 Melt front rruliwsmnuIuana1eny (1]

3.7 jUuuumsiva
3.7.1 pslvaluusiuysznug
Tnefimslvadisuvilandeunnsuegiui veslnaiiogiladuindoudiaxil
Snandigeqe diiegiewinatuiidouiimmeaiiniy sefimmiianauiwuingais
iy dawanddusuil 315 sUwuudnvustifnTuindinssusndaiviesanginien
yuauiifddnfunaiaRnuvmosnNnszuan Sxiuhduiliedeuiiiiromuiagsan

Moving plate

Laminar ot tflow
with successively
nigher velocities

v=0

Stationary plate

U 3.15 mslviauvuusiudsenus (1]

3.7.2 mslwaiiinanaruuandnsvausssunieluyio
TowitTagezlvasneuduiiganitlumnuduiishngt inivieazifindns
iougeaauazanuiwings Wasuiunsivaiiviuugudnaweaiedsiimuiiigege
dnsidoushgn Ruandluzui 3.16
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4 a‘ = " ar 1 .-.I" - v o
3U°n 3.16 §1Ju.1.|‘um'ﬂwawLnﬂﬂ'amuﬂ-nmammmwﬂumu'lu'um-n'nmslwawummmﬂ
d 4 :
awiasy [1]

3.8 auvAn1sivavesindweslunisivauvuidau
aulAnmslvavastndweslunmslvawuuidenwiady 2 Ussiavmanleiun yasluad

audiiduwuuiaveiiisy (Newtonian) wasvaslnafaumiuivvusudaneiiou (Non-

Newtonian)

3.8.1 waslvaitastiduuuuiamaiiioy (Newtonian) wisiwweslwaiiainswasuulas

Sosadauszminsmiudousednaudauiiaes 7="= Touit 5 Aemmumilamis

o  Pi—— % ' f g - - § &

(Pa-s) T, Aemuuauidouniag (Pa) uag ¥, Aeonsudeumie (s ) veslvauseinniigu
v | " Al =t P ar 1 o8 2 w ol
11 M tlewmesuea way lwwdu Wudasznnisudevulasdens e Mildaaudusl
" P |V
anwuvA flandlugui 3.17

382 voslnandautRiuiuvuauiimeiilou (Non-Newtonian) &nvasvesiva
wuvueulwedleuiivarsdnviy dauandlugui 3.17

Bingham
Dilatant

Newtonian

Pseudoplastics

Shear Stress

>

Shear rate

J Qs & ' v - ar s =4 L
JUN 3.17 Amudniussewinnududeuiudnsudeuveeslvauuusngg [1]
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38.2.1 waslvauuulaus (Bingham) weslvausuuaniiszidanisivaseledien
mufudsuguiusvii uazidleveslnaiisnisivasziidasduseninarududousds
Smndounsiulungu dryudined 91520

3.8.2.2 vealwauuuiaunu (Dilatant) veslvavssinniiduvesluaiisininiamila
gudlafimsiiuAdnsdou neliaummnanmsiilsluanaiimaieuiy wiedled
usannszvhasiliAansduimnuiunny wy dut

3.8.2.3 vadlvauvuglananadin (Pseudoplastics) Wuvaslvatiliimamiinanas
dednsdouiingstu Sasrdunswdsuwawesdasudeu fumdudeuildnuusy
msiduiidesas Saunsnesurensanaseseuvilaliin vusRdhsudouiugyiu
wiianspanesveniildlianaiuiy e nmdeuiiinndasudou 9innsv
Audiniusiiinnndasudeusaraivilalteuwaiurn dwandlugui 3.17

3.9 AunLAYBINaIEann [3]

mamiladudeiinseunisivavessetnailunisiva Tasainuvilaveni vie
sty szfiunisivautu Newtonian - fluids  wamisluavemanadniiiunisinauuuy
Nonlinear fiuUsiumtassairomaaiivasdoulalunsuan Iﬂﬂﬂ']ﬂuwﬁﬂﬁuuin&uﬁl‘iﬂﬂ
fiu gamgii Shsidou uazannudy fuansssstmdvesnramiavatwaiadin ifoinis
fviun Areudou onsdeulazauniiadususiuwsn

I Sturface Area:A
pr Sl S\ S}i2 ) CAl S LW folpoiffion
2 :j‘” H/ _linear velocity profile:
Stationary Watl

31]# 3.18 Msivavesvauvaluuy Newtonian fluids [1]

=i ' : . ' w e
INFUN 3.18 udamaIaEnn1IIvauuy Newtonian fluids Alvaseyinaulafiouu
Aunsdsausuny IMiiansivauuuldunse tavannsaesSuelaniaunisy 3.1 uay 3.2

F

G (3.1)
A

¢ v

e (3.2)
H

P v = o ar < o o - e o
e 7 I.ﬂ'u AULAULRABDUY AT y Wy anseeu Iﬂﬂﬂﬁﬁﬁ"lI.QEI‘U"\]BLLU‘J'NNﬂUﬂ']']!JI.‘i'l

' ] LJ = 4
FENIWAVIUVUININANNTN 3.1 WA 3.2 uazannsonvuanmuviinues 7 way y Wy
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n= (3.3)

.

- < L e " oA <
diemmmila 7 dunissitunisivantuegivdnsudeu

v < - nl: e ar - ar -
LﬁUﬁ')'liJWﬂﬂﬂ-lﬁﬂ'lﬁﬂﬂVIT]UE]QﬂUE]ﬁ‘i']LQBuLLﬂﬁGﬂQEUVI 3.19

Lower
Newtonian

Shear stiess

Pseudoplastics

U

:

e T o S ), Sy S

SVIGANT WAV RS, W W—

Shear iate

o - =
3Un 3.19 NGANTIUAUMLUATDINGTARN. [1]

[} 4 1 as v - Y 4 - =l
199U 50 NAERT N0 UNBE Upper  Newtonian region Ansiiafovaniu
' < | P ' 8 d et o ' . .
AR lasnimumianasuulans naltaueMilvouiunsius Zero  shear  viscosity
- 1 P ’ v el o e - - - Y .
U Shear thinning region WNADI WBBRTULDUNLYN Shear thinning region Wu
T o e o o v o - - ad . e -
dniiinAuiaEsulInzauiuns [asslunsiateswanadin laentatsnsudeu
& " - ) - | e - - e ' o |
FITURARATIUVUATERTA u.azmmtﬁmaaunaam'maaunanvmz‘l:uﬂw WazwInNanu
b X 1 " - " d o= ar
Lower Newtonian region Lﬂumdﬁl&lmmzﬂuﬁ'v'lnaﬂaewmamnm‘i"wlﬂi&'ﬁ')mmﬂamﬁ
- - J ] i -‘ s ar -
Woumnnifiulundwarenadpuguaniavesian (Molecular degradation)

3.9.1 wUUIIaed Newtonian fluid
u = - a P | - ar - [
Newtonian fluid uanamgAnssuauwiinh gumail wardnsudounly
ar @ . o A - ﬂ.
dunusiu Nuanmgnssuuuvidusss Wuluauanis 3.4

n=1, (3.49)

- -
W 7 Jumnunile uay
n Wu Aaumiia Newtonian

3.9.2 uWUUIIaDY Power-law model
Power-law model (futasmnamilnftlifin1santas Upper Newtonian
region 1ne Power-law model fummmilanduiusivusasdeu dudnduzuil 3.20 us
Power-law model fliianansouszanmimmminldlugasasidaud ivszasviili
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3 < 1 - J ar
UszanuAmumiamnnnining dwasslugun 3.211aemamilaiulunmanuduius
<
AUANNTN 3.5

n=1 " (3.5)
1] = Bexp(Tt/T) (3.6)

- " = '
dle n 1Uu Power-law index Miaglluting 0 uaz 1;
Tb UAPINIABUAUBIRDYUNAIITBIIAR
o " 2 =
7 Wugamplivasuvanniaady fiaiu (K)
1, Wu Zero shear viscosity

B \Ju Consistency-index

HDPE MARLEX HXM S0100_3 - Chevron Philips MFI(190 ,21.6)=10 g/10min

: ) } VTR TYoR]
AR
-2-250

- P

Viscosity [@/(emisec) ]
!
|

Shear Rate [1/sec]

d ar (4 . L - =
JUN 3.20 mudimussewinenini@eutasmumiin Power law model [1]
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1000
i “
' N
)
(4]
3
2 100 -
w
8
2 -
> —— Cross-WLF
- - - - Power law model
10 ; : .
1 10 100 1000 10000 100000
Shear rate (1/s)

3;1J"n" 3.21 WoRNIsUANNLAYEINAEANLUY Cross-WLF Wag Power-law model [24]

3.9.3 wuud1aBd Cross Model 1
Cross Model 1utuitansiiondunamansmamasuavaisvos fanlnaes
degmugiiiinalpenseson wmile st ureumIMTenaiinIsndauiiogs
fassuazn UL Bambnssvinlianadinany Snsudeunasntis Upper Newtonian
Region ua¥ Shear-Thinning Region AN 3.7

Y = 7. % (3.7)
1+C(no},)
ﬂ°=3exp[§+DP) (3.8)

S o - - ar "] -
die 0 WuausuSuRuuimusuanaaiiasnauvila
¢ Judwnsuideu
i o "

n Wu Power-law index wag’lmm Qias 1:
Tb WARINIIADUAUDWBYUNNNYDIAN

- 1 & -
T Wugamagiivasumamniedu waiu (K)
nolﬂu Zero shear viscosity

B \Wu Consistency index
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3.9.4 wuuIRae Cross Model 2
Cross Model 2 wilauffunuusians Cross Model 1#iifuuuusiasiiuana
M3 Idaunasnyae Upper Newtonian Region way Shear-Thinning Region ﬁauam‘[ugﬂﬁ
322 fmnzaufumesmanainiialy funsnszanemveniminlana Ailigausvase
mavauaIty insavaananadn Wuluamaunisi 3-9

(3.9)
0=——”°. =
1+ Y4
=
I)ﬂ:eexp[%+0p) (3.10)

- :
o7 Ju Relaxation stress
0 Wummiusniuauiiniuduanan o ina e
= '
n 1¥u Power-law index M9glut13 0 kax 1;
T WAMNNISADUALE IR D) UNIVEL TG
- ' & a
7 Wugamaiivaemvaamieiiu daiu (K)
n, Wu Zero shear viscosity

B ailu Consistency index

HDPE _MARLEXHXMS0100 Chewon Philips MFI(190,21.6)=10 g/10min

DG T e N~ R DR W (S
O I ™ Y VS e
! -©-250
2 w5 A s B
! - :
w 500866 |
§
Y — . s
g : |
s N | L
- |
10° 107 10' 10° 10 10 10° w10* 10° 10
Shear Rate [1fsec]

Ul 3.22 nswimnudiniudsewinednsidounasanimilalu Cross-Model 2 (1]



3.9.5 wuud1as4 Cross Model 3

Cross Model 3 WuuuustaseivinmsuFuuyewes Cross Model 2 Taggamgdif
7#e Exponential #isauiu Willam-Landel-Ferry (WLF) w3aiSunuuushaesiiin Cross-
WLF model tfulumsaunsit 3.10

(3.10)
n= ”°° =
1+ .7
=
oo ZAT=T) (3.11)
n, D,m[ 7 +(T—Tc))
T.=D,+D¢ (3.12)
Az=/4-2+DzP (3'13)

CrossWLF  model {unsuiudgs annuninludasgaumgfion Tudassinga 7,
° S o = 2/ ascy o’ = a
+100°c loe@i A , A, uas D, Hushuusah V'ﬂ.ﬂmnauumanaﬁg T Aegaumiinagau T, Ao
gamiiandalugiuvuanifvesiagluguuuumnumilaeiia Cross-WLF model

3.10 AMEUWUSTININ AaviLin aauvgll uasdasasu
rddguesuuSaesaumiiafanansedananginssuvedniwed
vesuvaIlasaN BRI ERUT RIS R aTnfedinuas TR
s pnamila/gaumgll
1. aramilamianauiiogamgiiiatu
2. Shsudeuarasiugumgiiiivdy
3, Sasmswavuktadsimsgaiulusewing mmamile/gamal
FEWIN MUvila/dnTideu
a. pumviieanasiunaiiuturssdnsdeu

3.11 n1susznnuAtuendasvesdayanamviin
asldenLUUTIaBIedmansEnuiuNadnivaInsiaszinsiva sz
gangiitazdmsndeuiuteyaiioiu lunsinmumialunvaaesdseslinseungu
Framssrassiomun Taslanizn1ssiassezfessiunansenues Solidification  aaen
uruMSRNEn (Filling Phase) waznszuIunTsandn (Packing Phase) wisenandaléiin
Judusediteyanumilnfigamgifaguisia Weswmnlisunseladinnumilaléi
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gamgiia MsUssuAuenta9InAsUszanaAuendiuuddniunldlung
0= L4 [ o
Answimsiva dwandugun 3.23

= Actual crysulline "viscosity*
E N Actual amorphous “viscosity”
~
Moy~
%ahy it mcmtf-*

Mold Crystalline Mele T ture

P | ' <4 1 A o
Z’JU‘VI 3.23 msﬂizmmmmmmmuanma‘qumqum

J ! ] o & | ]
ngudunansUsEInumuendIasLanImNNENIRUS TR I Uviiaulie
aé 1 ' ) ' o
finmsuszanuAendIwesgukuuramiiaiag W iawnseviieauniad

qaumy
: o w a ¢ v o 2 ) ' ° ) = )
gaugidldansinieimsgenuasasldnsussunariuentasiunearuiy tield
3]
9

ATBUARLNERNITUVIIVING
doajuvas No-Flow Temperature Astliudsmstvuadimnuniinaieldsn

as o o o Y P
Weouuazanmgiisnuietlilinseinisdiaasnisiva duamlugun 3.24

logn |
I
l\
‘ .
f
Infinite L~ : Y3
: Vzaceos_ily ?
gion
|
{ '2
i Y
| 1
dnf) log T
No-flow Temperature

U 3.24 deyevesmmmilafuduginisive
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3.12 foRANATIAYaINIUSENTNALBNY9ARIA

\eflezduinA Fluidity ssdesdlideyasineg 1unsaszanefavesninumiln
pasaATIMYY MaUssanmeeavilnfigamgiisn mawAsuwasardoulutae glass
dran1sudeivesuifud TnedunalddnisTaguugiiynanhldenuiniaeewisdag
Semi-Crystalline fifin1sidsuwlasmmaumiinegnnaduasdululdoniinsivassiath
vawe Fauandluzuil 3.25

Actual crysualline “viscosity”

Viscosity
/

Actual amorphous “viscosity”
~
Mogey~~ _
e 2 fe
i 1
Moid Crystalline Melt
No-flow ‘Temperature

) ) ' s o - 3
JU# 3.25 mwdiusssninmauiiafiugungiives Semi-Crystalline uaz Amorphous

nswdsuulasaruminues  SemiCrystalline 9giinduiSanannintag
Amorphous leezunsuuanstaimsiarvesmmmiaiig U fefeyassgnunusedaidy
vesndinaranilagnisimuaniuduiusszninainuniadugamgll agfiarsan
awansavesiiedfulunisnfendeyaiiald senslsinmuiieddusradeavusin
woAnssueSwesiandleimsussinmAantas

a d
3.13 gaugiiilasuudasanuz
3.13.1 gamgil Glass transition 7,

Aegruugiihiililassadelinanaves Thermoplastic (Guslansiadousadi
Tiguugilidningugfi Glass transition azviililaseadsluanaudedia Tnewghnysu
fanamviililessainlinanaudauste Glassy state agnalsianuiiigamgiiviluanags
ningaumgl Glass transition vilaswaswvesluianairdouileg sdass wazngAnssuas
waaRnaunIalinuazIzseuia Rubbery stag

gaungil Glass transition Lﬂuqquﬁ’lumsmﬁauuﬂaqamwLﬁm?}’utﬁa
Thermoplastic WasukUaw@AM Glassy state %39 Rubbery state «'ﬁaqmwgﬁﬁ’qnémz
TndiAssfugrugifililunssenuuy drdeamslimananuisigumgiiiesnuuvasdies
Yeerigamadl Glass transition usithwesnisliwaradnseusldgamgiifiesnuuusssias
gen3gauvigll Glass transition



47

3.13.2 qungiivasuLmual
qumgiivasumafendinumuou Mhlimenafnasuwiaaazan
aouzvesuduveanarsanis Crystalline  thermoplastic  nssuaumsitlélums
vasuwalves Thermoplastic  gamgliaslndfugavasuva) Fuguvgiivasuvaiuas
gaungdl Glass transition anansainlalaelyds DSC annsdunadwiu Thermoplastic
via1e sllarnuduiusseninguvgiivasumvaiwasguuall Glass transition a1139
\Feulsitu

T /T, = 1.5 non - symmetric thermoplastic (3.19)
T, /T, = 2.0 symmetric thermoplastic (3.15)

< o a .
Tuzufl 3.26 wamsternuduiusvsySunngumgil Glass transition ¥8d
waaRnNsTLIUMSMABIMAIT VUALRETYBIgUMAIaBIVAY

Elastic Modulus process lemp

Temperatuse
U 3.26 eaidiiusysagrungdifiy Elastic modulus

nIgUIUNIIAIINTOUTEY Thermoplastic - lasduunasgnivualiaas
n‘%amu%’uﬁauqmmﬁwaaumm v munguvglininigungiivasuivad Tagvily
nszurunTsdawananazivunligeningungiivasuvan 60-80 °c wazmualiisandn
gaumgil Cracking 10-30 ¢

Thermoplastic meldnszurunsididnveuiunvesgamaiiliheiniie
(SunseuIumsin dm3u Thermoplastic verdindanidgumglitmnsailunssuiunis
Tnesihwemumgiigininguaivesumvadiiuusiifs 10-20
dregamgiibimnzaulunisvasuazaieves Thermoplastic Asgamgiigenitgumgd
Cracking 5-15 "¢
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3.14 n1sdawaraAnuazndnivuguluntseenuuuusifiu
3.14.1 Sumaulunszuaunsdawanadn [5]

Tudnsnnluadaazuszneuluime 2 daudeduiivszneuiuniosdn Tae
amzhui'fazﬁuzhuﬁagiﬁ'uﬁ wazduldeudl Qﬂﬁﬂnﬁ%’ugtﬂwsquuumuﬁumuﬁﬁ’ln'ri
an 151 Tumsinazuszneaudeiniasilouasiadesinsfiddy fe wiuvuazieiosds
wanadn diananainazgnifoudlulunme angdwseiudwsnilisianaiainiadoud
HunszusnadluduiRunlasruiviaNsou yinlinanainvasunumdauazniliiin
wanadniedeuiiunsruendslufaifiunlaseiuiavihaudou fivhlimatainvasusiu
vhaadluluwifan mnfussudeslmifusasuansananuifian fuansluguil 3.27

MU 3.27 uansdumaunszuunsdnwanadnleweil

1. Wutisnsyuiunisvasumamaiainlauansasyuuazossndaielnle
ineslumsassuaunuiiimusly

2. Wugnnszuunsdawanainandiwiiem uasiinisdaduitednuveudy
Taumssnwimmsuiliosaensuasueawaiann

<

3. Wuiinsvumamdadidivnudaaunssistunuieilgumgiifegunaiivan

Ll U

FUIU
4. {WurnszuIunNIsUantiuIuean s INULLRLwW

o
hoder bamds
mainien mel

Tompergun

1. plasticizing the resin 2. injecting the resin

cooling lines
remove hea exteuded maintaing oK S SPE e ps scew is retracted a5
g prEsure in cavily P L4 Bamel sccumulates
i &% part £ooks ke rear plten sl that

3. cooling the part 4, ejecting the part

JUM 3.27 duneunszuIunIsRANaIain (5]
o ad a
3.14.2 Tassainauazn1sineuvesasasdanaiain
- = = i = =2 = ar a o ar a
1W399A  (Injection Machine) MmumLﬂiaailniwmmiuﬂiﬂﬂﬂw?ﬁatﬁﬂwmamﬂmﬂ
¥ ] «d I o @ e - - a ' 4
vouddlviiiureuvar vnsdauazudesliudeiluwifamiuuulnaiinaudnuues Usiei
L2 =1 1 as A o ar s A
093 laedl 2. daundniidrdgau dauandlugui 3.28
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3.14.2.1 ¥0dn (Injection Unit) viwihwivasswaldiawarafnainvesudaiu
vouvamluanjindeavusudanjindeamuey  yinwmdwinenarafnialreludnide
- a [ - v [ 1o g ) =
wazdananadnausanimsdaiidesnisludiyawinamin dwandluzun 3.29
. - € i . ° Vo 1oy P o
3.14.2.2 yeUatlawiium (Clamping Unit) imtnilunisUawifunineduusaiu
J - -d o Y . -J o A: =l - « ar
gaiinanmsidn wasvihnmsilawiiuiivernisvantuaudasenainuaifia Auasdlu
ol
3N 3.30

damping mold injection
L ] 1 .
- | = 1
moving sKaionary reciprocating
rear  platten platen screw and
platen cavity hydraulic

drive

.......

3

N

heater bands

U 3.29 idnsdananain [5)
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bt e
};ﬁf o

e

LB

Hydraulic clamping

Finished moulding

JU# 3.30 lassairaiadesdn [19]

3.15 szuulau (Feed system)

1o = o as e &‘ @ : - ar =4
Tugawinunan Iluzaasdawisamalsdmividonaradnvasuinaininiide
< @ \ ] - | o X a ' -
vpumspdaludilnsswuvudasuy mamaaiidenissuutley leavndszuutouss
v - = v < - 4 _a
Usznaumy jas (Sprue) 1929 (Runner)  WaEMIILY1 (Gate) LlpNTEUIUNNTRALATIEY
- - o o & o e
szuutlauszgnianeen awstudwivmsialuasiraly duandugun 3.31

GATE LAND

o ta o« -
3UN 3.31 szuullouveawinuvimanain [1]

3.15.1 Uaan (Cold slug)

T v a4 o & w - v
venn (Cold slug) Hlinednnianniawwatain Uesiulalnlwatluluda
= « ] v L 3 q' J ar s @ le
WHWLN %saqmaﬂmﬂmwmgawwzLﬁumaa uas'l'ﬁehmuﬁaunug"a'ﬂﬁmswumaums
- - W <
Jantduauan muam'lugtm 3.32
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U 3.32 vadin (Cold stug) [1]

3.15.2 934 (Runner)

ﬂl 1] J - - -4 4 1 -
12933 (Runner) Wudruniunaladnivalaangdniadienarainman
Tinulwsswuulaerumata (Gate) melduswiumng iy

v g w v -
wihndnAguazensoIn smAluszuulou

3 - ' 4 - " v -
1, dalviwanadinuan varthusinaiiniwsawuulasil Weld line Youiian

= v od
2. Tdsieuenisinavoenge
a4t U ovid | da T 2
3. ihhvunteenaaidiafeaindndiulagsmesdunu
2L,
4 Yantuaulaie
5. bifinansznuiugusn

6. Amtineiign iaannTgadeuseiu gyl vasitionanainioy
i

7. aunraaisnIzdsanuuulviaInsaiimatafinuasuval vy
Funu

8. stuumsdnsiimanssuiuseunarislliesiigaviebiiae wanain
szdpathgvninsauulunanisaiy meldisssuwiniusasgumpifvinfunninsswuy
welWldsuruitinua milvilouiuyntunudn

MIMVUATUIATBININI %uaq'ﬁuﬂﬁwmﬂ-] 87 1HU ussuTianas dnsIns

va AuanTRvematadin mmia guugll uazAAWIUNBENTBINAERN FasBIa7dY
Vsraunsaflumsesnuuy aumsiirvusmeuintemdiduiesiu Ao

D =S5_+15 (3.4)
oo 0 = uiwgudnansvsavemaia (mm.)
Sop = MIMUIZIGATBITUIIU (Mm.)
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o : ; J o 3
3.15.3 finvaurguinvamuinifianieds

1. nihdanay dwandluguin 3.33
0]
ad da v o < L] o v o o

- fiuiiveeigadiaiisutuniiingus

- Sasmadudatnge

- mggdeanuioulasandsaniutosan

- HNUNANTBINIIRLRTIREINI1duDN Faldnsdeguns sy
[~ ’ < o o
Wulvsgnadivseansnw

Qoide

[
Yok o Iv LY 2

- NsAaLEIE s LURUN Al anwuslAavisaes druvinldenn,
GRISERUGR

2. wihdagu Parabolic sauansluguil 3.34
Uof

- panefuvfaglnan wansinseswiRududevinldae
L] a [] (% 1} d’ ‘ﬁ. 4 1 L3
niinsgsguultiRuidmAGBURMSITUaniend

Jaidy

- finsgadeauieu uasidenaradnuinnda ieaisuiunings
Junsinay

3. nilwngudmBsumay suandduguil 3.35

of

- aaeiiuntifa Parabolic mMsfinsavinlade
Joide

- fimsgoydeanuiaukaswaradinunniwiingdagy Parabolic
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5 \“.
4

d a' v oo i
JUN 3.33 maamumansanau [19] gﬂ'ﬁ 3.34 Mydmiwagy Parabolic [19]

= o v e =
JuUn 3.35 mmwmmgﬂam%aumw [19]

3.15.4 1 (Gate)

madh (Gate) fo Jomdegidng Aasrminemaisiulnswunruaiuiivindaes
dnuiteituusilitunanainmaniadiginsswuuegneniiy Vastiurueenanmaiddieuaz
insesuuiunuliliesiian ﬁ'umu'waqvna’.iamwzegiwﬁuwﬁqﬁﬁﬂﬁtﬁﬂmi‘lvlaLﬁuLﬁawmaﬁn
Tulwsauvvegsasiiaue uaznszemsimavamatannivgdiumneg vesdwswuulunailndidss
fusnnitan daunnudiezieutmuslimadieglusumisisunumniign fuanduzud 3.36
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;_sﬂﬁ 3.36 MawaysyuuUou [1]

3.15.5 9tiavamnnadn (Type of gate)

siinvasnradililaeyly un madhuuusin (Sprue  gate) maduuuida
(Pin gate) MAWLUUTAL (Film gate) Maaduvulaaguny (Diaphragm gate) MATIULUUIUMIY
(Ring gate) MauuuIaaw (Overlap eate) MaduuuLay (Tab gate) YnaduuuTunnel gate
(Submarine gate) MalwVVYBY (Edge gate) uasmatiuuune (Fan gate)

v = - w v e = &
1. muduuugdn (Sprue  gate) didnuuzrasmudndanarainiilnsawuulaensy
v dea A W o A ' '
yngin dauveamautinfesdniues lnglgduiunuruislyguazjunsauanasvnadury
AUENANYIFRALVULITIUBEAVUMINYBITWIN fuandlugun 3,37

‘0" minimum § mm
Taper 3-5 dogrees
| - Koop sprue longth
DI short as possibic
Comers minimum R 0.5

U 3.37 madhuuugin (Sprue gate)
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2. madwuuida (Pin gate) maduuuislifuBunusunadnuasiifoun Ainsuan
Wusnounn ganluuuuiiaansondushumimsanaisiunu dunnudmadiazeglusumis
nilfvestunu sunaduriugudnarseesnadsyana 0.6-1.2 fadwns fnsdisunuuises
vhduiedsaudegiusssiutumaduuuiifnsdetesiuliliiununadevantunu i
uamaluzui 3.38

intended gating location e
\. !

31]?1‘ 3.38 Madwuuidy (Pin gate) [19)

3. Maduuuilda (Fitm - gate) madnuuuilsuimnegiutusuiiivuialrguasauu
vanidsinaiinseyidionyssan Weld line) Sainasifntuiissoindmadinuuvatsgn madh
wwuilagagludumisihuinmiansananild dnseadiefidnneg Anamunvemadhasiivan
psanandlusuievaudaus 0.6-1 fadwns Fauansluzui 3.39

JU 3.39 jiuuuiidy (Fitm gate) [19]

" X v - v
4. muduuulaezuny (Diaphragm  gate) Maduuulitmunzdmivaunudnuey
oo o Y - ° W . o '
Uasnauwiu nionwniidnvuznang madwuvisgyibinaradnimalrlvaidnglnsawuvedia
ataveannisiinsas@enyszaiy Weld  line) Fuluduaiu waznsandunuiinesdmivau
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[ ] J v ] s o - @ 4 L -‘
NINTEUBN dnduTeIRmEMRBduRuAudnanliliy 5/1 ielesiunsideuvesneiiiienin
WsiuYeINTTan Awandluzui 3.40

gﬂﬁ 3.40 mavuuulaazuny (Diaphragm gate)

5. MAT WUV (Ring gate) madhwuiiasadeiu Diaphragms gate nune
dAwviuiunumsanszuenieng (nsdanannnii 5/1) uasdesinsianesisasdne waain
wmazgnanshudiuiiiiuinidauayy vilimaranimadduiitinaudeuudanesdaing
Insauvy dwandluguil 3.41

e

Internal ring gate

U 3.41 maduuuiswny (Ring sate)
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o 3 & a o P W
6. iimuumasu (Overlap  gate) Matuvuilvanzdmiunisaduanuiiinidann
w 4 o owew a = o @ o o ' ) w8 v
madhuvuiissedulinatafnmardamadndugy vissadwuiurdinudieiou aniuazduld
wanadnivaluaudulnssuuy anmainsesnauniuuiaFuals dwandlugui 3.42

Uil 3.42 madhuuuvaey (Overlap gate)

- - Y
7. muduuunau (Tab gate) iWumsivaeuguves Overlap gate ysduuuiiaz lediuld
a ' 7] ' o | v & v v o w |
warainuan lwarumadivunednney udadlnadumainaisiaes uardslnadhguiuaifian
L) - - - o St A\, @ a
Josiumsiinsasrausenislvanasiiintuivaunuls dauasdlugun 3.43

Gate friom

-~ BN Turher
A -
g ~
. ¥
) \,4 , -.‘\
= ;

Yo
X= o9t
I=4D

gﬂﬁ 3.43 ynawuuunu (Tab gate)

* L 24 e’l’ ar a:' d
8. MUY Tunnel gate (Submarine gate) Mt uuvLRzMINERVTUNUNLTUA
wnune wagiivarslwsswuudsieglusumisvinuituarannsalansenlalagdnluli® veuves
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& o P w o v o v v oo - " o
Funuaragluiduuiaderiuigalndiulnsauvasimadiiidenduguies sedulwsauude
& [ ¢ @ -

wuidng idinsawuuaseiudnuurvesglied dwandlugun 3.44

3\1175 3.44 ¥ RIMUY Tunnel gate (Submarine gate)

= [ & g @ o
9. mudnuudivden (Edge gate) adiuuiifunuuilldluinouszasdvig Tuuas
i o = s ' 4 J 1o & v ‘ A i 1 ﬂ' ol
Wuwuudeq azdudissmssadeudusesdmasuuuianunanuviiafionosgninamadaiuinsuuy
@ -
Aanandlugui 3.45

(n) (3)

3Uﬁ 3,45 yadwuudmasy (Edge cate)
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= ' as
10. mMutiuvune (Fan gate) Wumadhvevdnuuvunilaudliwmilautumatiuuy
- - < P - w ' -
Awmdsuiifivuiaanunituaranudnasi sumaunIaraNEnveIauuuRaezlinei
d -‘ﬂ ar ' : o o -
TagnAunTnndafuinswwuuaziivuinrsutinnuazinszivginlvawnsodanaiadn
[y v ' & v O » e v - -
vasuvat W lulnsawuuldiduuSinaanalutlnaidug AsiumadwuuiSanunziuiunuidl
& o u ' Y o ' - [
wumnnuaziiniu JUTIMATuuRRIzIensEensivarematainuasumad i lululns
oo w 5 Py w " o
wuwilimsivaaiase warsesmlvaludunuiies dauanlugun 3.46

N\VZARN 77

(n) (m

U 3.46 maduuuin (Fan cate)

3.15.6 szuundaidiu (Cooling system)

wWhwnewgnsvdetiu fe L‘s'a'lﬁ‘ﬁvurmwmaﬁmﬁuiﬁﬁuﬁqﬂ ioannsavanaen
PINULRUA '[ﬂu%m"ruaq'luan'maug'srﬁn'mﬁqﬁ gamildue il dudntunuusazesn
mwaqnm‘lmﬂ fail vliauaz m‘smammaﬁnﬁlﬁ stszwimanadnivalulwsswuuamumnees
Funu mwemvesszuulou Wiy ua-'ma'snwﬁ.,ﬂum'munnmq'nmqmwnnuuwuwua-'wmann
uaau'lﬁ'lﬂmumaami uwievsammbue fn°gnaqm'l.ﬂ"lwarwu'lu;masammw'luuumm FYED
sesiviuiliendt malnavesszuuvaeidy wiemaimaaiiu

a Jd a 1
Yadendinanunszuaunsvasidu
1. grungiivasuwmal (Melt temperature)
2. gaumaiiwifium (Mold temperatures)

3. AUMUIYDILAUTRLN (Mold thicknesses)
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3.15.6.1 N398NUUUISUUMABLEY [9]

gV IvauHuLIRINLUUTULAYT (Cooling integer-type plates) 9zAIUAY
v g = -4 " 1 e a - ar o ] i
Tnglfinlwadoulugneeliluwiuwiiod Tneunfvzinigzgiiuinesaiduiessruuvaeidu
A’ a.j -l =y g o 5 -¥ 1 e 1= « =4 174 ]
wastodutuiieaviavarsduile Suutuiuegivauvuiveswifiud Teedivuindusinu
& ' o ' 1 ' [ s -l =
Audnans uazszevievemalvamdeidu Tussuuvaadu [34] Awansluzui 3.47 uaglugun
! v <
3.48 Togasoveanuuuszuuvdaeiiuld Awnum1snai 3.1

(a)

o B4 AN N -\“,\,‘\.\.\. ~
. 187 b4

This proportionof b, ¢ &
d T give unegual heat transfer

A 1 e 1 v 1 5
sU# 3.47 gUnstemearfeuvasiaifiant laosy (a) Wumsanemarntauilisiaye
i } 4 = °
U (b) Wunsaememieuniainae (9]

= @ 5
31]71 3.48 ﬁﬂ'dmﬂﬂ'ﬁ'i)'e')ﬂl.tUUVt"Nl‘l’!ﬁ‘ll’éNU'mﬁﬂlﬁu [1]



15799 3.1 NMIvsnwuuneiatvasiiiu [12]
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AIMUITB U W sumdusiugudnesvenimeady ; dT
(mm) (mm)
2 5-10
4 10-12
6 12-15

SygLye C = 2-3 Mwawmmé’uvhuguéﬂa'rwaamo'lvia dT

FLELVIN b = 3 Wiweadurugudnatsvemniva dT

lunsainludialuSawsimssanuuy tunaduriugugnavemtbiansazanni 1/3 vae

spEYinTEInmalnausaztag




unil 4
ATIASIEVA81UIHNSN Moldex3D

4.1 YumBUMIIAIITA28TUTUATY Moldex3D. R10
CAD/CAE  Iadnuniiunumas NN NS ooniuULas AT IEMNSHARLIRUAD A

wanan uBamsUsusiudsildlunssuaunisiananaiin (Processing  parameter)
Sudunsiesesilasimguinisssauuumiiuinlduiulusunsussufiame fdelu
N390NKLUL (Computer Aided Design, CAD) Tumsesnuutiunuwanain sntudah
AITnassdaEnsinaveslndmesuasuainelunsinnilasldlusunsudaslunis
451294 (Computer Aided Engineering, CAE) &anansaiangsimnideulalunszuiunis
wasimnzaly Tnsanansastaeinszurunsianananniiintusausgaensin (Filling
As3nen (Packing  wazniswastfu (Cooling  Bnadianunsansivasuigmninda
ASEUIUASHERLA (WU nMswadh (Shrinkage) Hudhy Tﬂﬂﬁ%"umau'lumiﬁﬂmé’agﬂﬁ 4.1 &
Prgliannsoeenkuumshessannvnisivavedndwesivegigndes

9N3UT 4.1 uassdunsunisiaszinszuumsianaransnelusunsy
Moldex3D RI10. angudumauusntumsiesisilagmsindununeaeuiladieain
Tusunsu CAD (Computer Aided Engineer) yinmsiundiayaidn (insert geometry) 1inlu
TUsunsu Moldex3D/ Designer Intihinisade Mesh antusunsuiiduuuuanuia uwas
vinmsdsoen (Export) Wiias1eviselusunsu Moldex3D/eDesign Mvmsrimuswiatag
wezileulunsin mntuiluureumsiinszinanissnass Iﬂﬂwamia‘hamﬁlﬁaq‘lugﬂ
XY-Plot wazAV-Tool
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Malerial Mesh Process I

Analysis

Resul AV-Tool

eport

06,0

3\Jﬁ 4.1 flansRaauweallsunsy moldex 3D R10.

1
4.1.1 YUABUNTTOBNULUY
3UIINNITEBNLUVT LN A LR e T lUT LA SUN A

Computer Aided Engineer (CAD) snsaaeinaitu CATIA, Pro/Engineer, Unigraphics, Solid
Works 1ufu mngﬂﬁ 4.2 43 uaz 4.4 uamé’numwaai‘?mmv’ﬁiﬂﬂaauﬁmummﬂgm
ASTM D955-08 1AsivuduuultIn1ugng 3 anvuzAe MATIMUURAY MUTILUUNG
wagmaduuvdmaey Tasadrawvusiassturulaeldlusunsy Solid  Works 2010
wuusasstusuduwuuandia (Solid Model) uasdsanliogluguvea STL file iitavh
N385 Mesh 91lUsunsu Moldex3D/ Designer faly



Y e,
88~
W

>

C

JUT 4.2 FummdeuMaUTHEL (Film cate)

= & v o
UM 4.3 FuUNAEBUMIAYIUUNG (Fan gate)

DETAIL A
SCALE :1

1 e

DETAILB
SCALEN @

64
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-2 T
5| —p
| Al
L I 2 DETAIL C
~ ? SCALE 1:1

< - v a8 -
UM 4.4 FuaTuveasuVNIMUUdMaEN (Edge cate)

PUINBUNUIIS LN SVIRABU NS AR YBINENAR ALY AU NAMNATFIU ASTM D955-
08 Siwunn 12.7x127x3.2 fiadiluns (8] @wgui 4.2 f 4.4 Suamus 3 wuuiinuiivihdnvesnadig
vy Tnsimadauuuiidy madhuuoin wasmadiuuudmao augidy Jununadeu
LU UUTEY senuuumuRLLLYas Mengen [9] muammadainyas fusuinduey
VAADUAILINATFIU ASTM D955-08 Lot vuranisdindiennuem 1 fadwns anundae 12.7 daduns
uarAI LN 0.64 “Tadwns dmansluguil 4.2 dusmmegsumadiuuuin dvwamadien 1
fadwung AINNIY 4.06 Tadwuns uasmiume) 2 Jadwns ﬁ'fmam'lugﬂﬁ 4.3 wavduaunadey
maduuudvaen” fvuaniadien 1 fiaduws aaanite 2.85 aang wagaauvun 2.85
fiadums Muanslusvit 4.4 [3] Tmuﬁv’qmuuuu'lumwﬂamﬁaanuvu;"‘ia (Runner) AujUuuuves
Kennedy [3] fauamaluguil 4.5 Millumsnsemeausuluusifiun

U 4.5 wuuveaeenIsMARIYes P.K. Kennedy [5]



66

\ 8 a -1 ¢ od A - va a & o
dumanieumasiunldlumivdaiuiununagsuiveliliiuiuiee viadezuns
o ar e a -' Jd : -
[10], [11] Tnevinmsdnemunisuuziinees Herbert [12] Aauanslugui 4.6 Nillssozainduauii
uruAudnanvesinihvasiiuliszes (O windu 20 ladms uarszervinvewinumasiiudl

I a - =Y EJ o 4
seeg (b) WNU 30 JaALAT NEaNLUUAIRIUATITIN 3.1

4.1.2 wuudaasdmiuleinsiev CAE

- 7 ¥ l-‘ i 3
UM 4.6 manvisumaaitu

Furuianuiuvadiaiu solid Model Taslusunsy Solid’ Work-2010 Tasuvas Solid
Model iaglugUuuuves STL File udadudh (Import file) 1Ealusunsu Moldex3D/Designer 1l
Wnsnaiet vasiiy uazadie Mesh Model #il$auau Mesh ﬁauam'[ugﬂi'i 4.7 lag Mesh \u
wuvamild duandluguil 4.8 antiudseen (Export file) TUgslusunsL Moldex3D/eDesign dmiu

AMSAATIEVNTaANaERAN [1]

ftem

Cavity mesh node...
Cavity mesh elem ...
Cavity mesh volume

Meshing level

Mesh reliability level

Runner meshele...
Runner mesh volu ...

Value
119,243
106,297
5.16 (cc)
2

high
93,021
107 805
3.36 (cc)

sUil 4.7 §7u7u Mesh
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gﬂﬁ 4.8n15a379 Mesh Model wuvauiis [1]

4.2 wisrdiwaindragylunisan

- o

- iy - o a = = v © - ae w =t P

waldunumimsdalinunmng ssdesdiadatavlenddglunisialagasiaisun
Weulvawalul

4.2.1 grumgliwandinivad

gamaimaadn iuguugiiveswarainmadfiesninamiidalusueinnisingamgil

= — I‘: é‘ 1 - % - s 4 - < - .
yamaradnmaleluntsaniu wuegivriavamarain Tusidsillalwarasinviia HOPE (High
Density Polyethylene) ingn MARLAX 50100 @alignmgiivasuvaslutig 232 - 268 ¢

4.2.2 QUUNAULNRUN
Tunsmusngamaiiannsamunilslasligunsaimuaugumgiiviaimaeiduiiiva
myudsuegluwinum Jegamgiilunisuiuaniuduegivinvenatadn lagluanuideily

waaRnuila HOPE wazidnviuiiam tnse S50C uazgamaiiwifam 35 ¢
4.2.3 valumsia

- - a w TR A ' v O -
valglunms@anaainuaniduiiu gujiinsegliannsazuivadlalasnsai

L - - ' - = = Y
fuaiesda inswarduegivauiilumsiedeuninuiuiunueeany (Ansadn) AN uae

- 4 ) L.
‘isEJS'VI'N'U'EJQW'E‘I']?IWﬂWTﬁ')ﬂE]E‘JIHu']W)ﬂBU
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4.2.4 aranialunnsia

- o i o4 W a <
ﬂ’J’\SJLg’ﬂUﬂ'ﬁQﬂ Lﬁum"mL%'J’lum'imaauﬁm'muu'zuﬂuwaaang LWBAUNAERNLAAIN

v

agniinarsindeamusulilvadiudfud arudlumsiaezifanivgluiuanmuduie vsiediu

L <

danangadeaiu anuilunis@aesliudmuauamiududs nandedldanuSilunisda

2/
<2

A

o A & 4’ ' a ] o o Y o - < =
guAusu@aiazanniunu wilifurgeganmuusalifuiniodawatatin
4.2.5 anuaulunisie

Tumstsrsanldarudude lnsnansynussausulunmsdaasiisdufiutiadesieeg
Feaunsouvesnlanad Ae

1. anuanselumsivasemanadin iy sliaveswatain Anuviiavewaiadin
asuvavseriinsvasilva (Melt Flow Index, MFI) gauvniiveswanafin

2. guassrRie lunszuendpuasinie iy TuInvedzan meTehign way
UM

3. guassrmnee Tunsinun 1wy suadesmamsivalussinawludiuees suinvesg

39 MWIATRIMATT Tze2n1TINAYeIEIaRNNGT YUINTBIWUNILAN GUUNTILUNNN LavAMNIN

AU UYMW

satuaziiulanrusudaidurusunideduldluvatsdiu Jelduantsvasidsnlinawans

Tuguiit 4-9 TinguuansALduTIFumishe Tunssuaunise deil
p,, Aonrwsududu dweguinuansin
p_ Formuduiiiistuuiamadideudadhuifg
p, Remuiuiiiiatu vinamushueswatan

p. feAmsuiiAntuatsluMmuLRun Yaeynsie
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Pressure

J

d
Time

lﬂ. ar d‘ - G‘l‘ -l - d o 1 )
JUN 4.9 ANUAULNRTUTZAANA AR NN TUNLINIY

- w oo t B o ) [ | v a v
VINFUN 4.9 wdmemusiuiguwmmiasineg sziulaitramauinge p, Wuaudusuduluns

m

a1 o ar -l ] ' < -
dandsnnuduludgn p, mbuwadasnnsvazoiuintuduiwavimuguassalunisivaves
a o v o & v i a - - v
waaindsdalva wiuanaudnias nuuumaIERnivalunge p, iuuinumatn (Gate) ves
-y -4 ' od & a 2 - - ' - -
Jununiludniianiigavestus Jaluguassalumsivariiuvematafnvaguval uaziinns
-4 AJ .. . - - L - o =
gudguugdiniinaannsnumauieuvamatafinaaivaIusamag) uazuiuuasninde
JI L4 =4 A: : J -
(Sprue bush) idwaliaumiinivdudianduglassalunsivavemaiainvasuivad uazqn p,
™ " v v <t 'Y v = . a 3 [
Wumsuluwiiminingerdunaldintuanmmeiuantissadign ARnennsaemauiou
a o R v PR ' o v
vaamarainuasumalnInlaeminde madh Feamwaliauviinidiutu dwaliiausesindunis

waundsdmaliausuasasnn
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NANISNAADILALNITIATIZINE

5.1 gunsain1mAaas

5.1.1 Yagilslunsmenas

diananadnldlunismaass High-density-polyethylene (HDPE) v8eu3¥m
Chevron Phillips \nse MARLEX HXM 50100 Tnesinnauifuan: fwmns1ei 5.1

A1579# 5.1 AuaulAvaiianatafnwlin High-density-polyethylene 1n5a MARLEX

HXM 50100
Description )
Polymer HDPE
Grade Name MARLEX HXM50100
Producer Chevron Phillips
Comment { MFI(190, 21.6)=10g/10min, MVR(190,2.216)=9,
D=0.949
Last modified date 2008/06/30
Process condition
Melt temperature (minimum) | 232 ¢
Melt temperature (normal) | 250 ¢
Melt temperature o
(maximum)
Mold temperature 25 ¢
(minimum)
Mold temperature (normat)-.. | 35 “¢
Mold temperature 50 ‘¢
(maximum)
Ejection temperature 112 °c
Freeze temperature 132 °c

5.1.2 gunsafldlumsmaass

- ‘v = -l
TUsunsurauimadanu CAD (Solid work 2010) way CAE (Moldex 3D R10.) #i
Wulusunsuesnuuuitassuayldlunisiwsizinis ivaluwdifiuaudsu leeaginsien
Y - ' 3 -v el o 8 L] - -
noAnssuremalafnlusEnimsTugUivudanatafinaauataaatlunisdanaradin




VU

o
n

71

(Filling) n15dmEn (Packing) wavmsiduda  (Cooling) UTQUNDINDI (Ambient
temperature)  (aANYIAINIMARITEITUMIUNAdEY Melufiamianisiva (n  flow
shrinkage) waziigmemainiunislua (Cross flow shrinkage) fiiimnaduuy Film gate
Fan gate ua¥ Edege gate

\P3nsdananadin (injection molding machine) mnﬂismmﬁq'u:
Model: TOSHIBA IS 80 EPN ilsnwazidondiai

1. ussUndonusifiam 80 Ton

2. @i uAugnaNYeang 32 mm

3. Uunnsmidngean 142 ¢

4. Ausugagalunmsin 199 MPa

5. 893130 112 cm’ / sec

5.2 wuushaes (Model) vosduuuaswaiiam

5.2.1 UUUS1809YDIBUI T

gﬂs"m%'ua1mi‘lu§uamwaaaumuu'mijﬂu ASTM D955-08 wumAIue™ 127
wun 3.2 g 127 Saamstunuszgnasnuiiu Solid modet Taelusunsu Solid work
2010 Iﬁ'ﬁwmmuﬁuam'lﬂugﬂﬁ 5152 Was 5.3 leeBusium 51 (Model 1) sivudn
WUV Film gate 88NWUURUAMUZINTBY Menges (Menges G.,and Mohren P. 1986) ii
mathen 1 Jadlas AU 0.64 Tadwns AUNT13 12.7 aduims waziisinaen
AN YENTuLYIRABY FunUT 5.2 (Model 2 ) imadauuy Fan cate Tivuiaany
617 3 TAAWIAT AW 2 HadLRs LaTAMNIN 4,06 awns wasiusiumaasud 5.3
(Model 3) finnduuy Edee cate divuiamue? 1 adlunsaIunun 2.85 Jaaiuns
WaEANNITL 2.85 Taauns

5.1 wuudnaes Film gate g'U‘FI' 5.2 Wuud1and Fan cate
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3U# 53 uuudiasd Edge gate

5.2.2 An¥nsupusiRamEntuaunINAsIgIL ASTM D955-08

141 AR

2. Gate 1wuteannsawdouwuumadild (Multiple eates)

3. Sprue bushing 17 55 fiafwns LagvuImdLNIALENaTY 4.55
ladwms 500 1 83

4. wifiunein 2 ey 1u1aning 150 fadees 819 250 fiadwins g1 210
iatiues

5. Sssvulantiuauldidunses

6. Tissvunmsvdaiunsaguasiadis (Cooling channel) Simunidusin
AudNaN 10 dadiung

7. 5vUUFWIU 1 A uasiinnaduinugudnaistiung 48 oduns
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:‘ ar e &l : L
JUN 5.4 dnvazuaiiuidnYuaumusnasgiu ASTM D955-08 (418) wavanwurlnsuuy (1)

5.3 ﬂﬂ‘i']ﬁkﬂﬂ{m{ﬂuﬂﬂ?aﬁﬂﬂﬂﬂﬂ‘ﬂﬁ'lﬂaﬂ

lunsnedeumsdatununamuulivimiivefidisadu laeviaonsialimatadn
Inadunuuonaidud 01 Fuait suluds 10 Junit 14 Packing pressure 70% %81 Filling
pressure gAMBABULANLLY ymswaruasuIn Filling pressure \Uu Packing ‘pressure i
99% wosUTansinTanuy (Cavity) Taailéilu HOPE 1nse MARLEX HXM 50100 #ilisnsinisiva
10¢/10 min wazliAIUMUWULYINAY 0.949 g 7em’® INUTBN Chevron Phillips Tnoiuiiminge
WATTUIAYN AN BUOUILUT 12 wae 3 wandlumsasi 5.2 Lazmsiimesilglunisaanaaey
FUMUA LU ULERIR IS4 5.3

< & d v ow o & o
A17799 5.2 WUWUIAAYDIN U IUAZTUINYDIYUIILAR

- 2 o pl D, o ' aa W a o
wuutua | omad | wudiminda |- desadou | difveamadigiwsauuy @aduns)

g :I L ")
(M54 NUNVUINA

N e MmN oM 6N
uaaums) | #adusau o - _a - =
& (adwws) | (adwes) | (Nadwns
UMM )
Fuamuuud 1 | Film eate 8.12 0.304 12.7 1 0.64
Fuamuuudl 2 | Fan cate 8.12 1.000 2.06 1 2

1

FuauLLLT 3 | Edee cate 8.12 0.712 2.85 1 2.85
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= = < 4 =
A15799 5.3 wasiimesnidlunisdamesauduuin

Material HDPE

Filling time (s) 0.14 | 0.26 | 0.5 1 2.5 5 10
Packing time (s) 13 13 13 13 13 13 13
Cooling time (s) 30 | 30 | 30 | 30 | 30 | 30 | 30
Melt Temp. (c¢*) 250 | 250 | 250 | 250 | 250 | 250 | 250
Mould Temp. (¢*) 35 35 35 35 35 35 35
No Flow Temp. (¢") 132 | 132 || 132 | 132 132 | 132 | 132
Ejection Temp. (c*) 112 | 112 | 112 | 112 | 112 | 112 | 112
Cooling Circuits Flow Rate (cm/s) 120 120 | 120 | 120 | 120 | 120 | 120
Cooling Circuits inlet Temp. (&) 35 35 35 35 35 35 | 35

5.4 N153ATuEilannIsanatafn

TaothTunudailaannsaanumsimesndainnissiassmsansiolusunsy Moldex

v ap J o 1 o = g - «

3D R10. 4a¥NN15IATLIRTUNIU LNBAUIUAINISUARIYRINANERAN 1ABYINNNSNAaBIs NI 3ne s
IINI o @) L] ﬁ“ ) ar A - - a A’
a¥ 10 A33 laeyihmyin 3 yaseniisianismiusses duandugun 5.5 eiloasdeacall

d : ar ) o ] ar Av
EU'H 5.5 YUNUMIDENNUATATUNUINTTIAYBITUITUNAFDY
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of & 2 g -4 9 )
We X Wuamuniuesiusu Wi'ﬂu’u’]mﬂﬂ']ﬂﬂun'ﬁlﬂa
Y Lﬂuﬂ'ﬂuﬂ’]’]ﬂﬂ@%usﬂu Vﬁaﬂ']u%ﬂwq\?ﬂ')'ﬂﬂﬁ

Z WJumnumuiessdiuaiu visuwsminiumsiva

AMSURANISIRINNITING NIAANIULANY LashEnawny Z

= o v o 7| ot o ¥ oo
1. 999 Y1, Z1 Ushaladvman Gate wesnniiAnnisvesiesiign
2. 99¥ Y2, Z2 uSaufnanstiuny

3. 999 Y3, 73 Usiaane¥ua (End of Flow) tisssmniidmswasannige

AMSurALNS lra neRAmaLny X

b

0¥ X1 fisvgevinannvavanlu 3.2 fadums

<t

4.
5. 9af1 X2 flszeereinveusiuen 63.5 Tadluns
6.

A

a9 X3 fisvezvinsannveusuuen 3.2 liadluss

5.5 HaN1INAABY

nmInaasssasamsialaglilusunsy Moldex3D R10 Taefidoulvlunsdalilvaiuwuy
dhovian (Filling time) 0.14, 0.27, 0.5, 1, 2.5, 5 uaz 10 3unit mudwu uazdouledug aumsnedl
53 Tagnamsveasawvanimaaeniy 2 dnuisnSsuidisuranisirassnisnadinanlusunsy
Moldex 3D R10. laeviinsmaaaungAnIsuMInesIaInmMsvituienanuniia 3naunis Cross
model 2 fsaunsit 3.9 fu Power taw model fitauns 3.5 nadwinleimswSoufisusunisin
FurumeasuTiinnnsaasifiaaienadeunuusiass ﬁagﬂﬁ 5.4 wazyNIINAINITVARIN
3Uﬁ 5.5 fignusemplasisudnisuada faumsi 2.2

NANSVARBINIVARITENIN Cross model 2 Au Power law model

Finmsvaassassnsantagldlusunsy Moldex3D R10 laefideulalunmsasivlvaiuuuy
feaan (Filling time) 0.144, 0.231, 0.5, 1, 2.5, 5 wag 10 Jurdt mudv Taevihnsidsuaiudy
aafiumnusudngdl 99% Tunsduduinswuy wasvhmsihwmnusudady 70 % vasmudy
an dutdouledug sumisadt 5.3 Tulunwhauuuy Ikanswiuadelufiemeiainasiva
AARAVILAY X TBINATARATIENULUY uamﬁ’qgﬂ'?i 5.11 Wnanmsuadaadenuiienianisivasny
fiavnauny Y veamataRnieaauuy waneiaguil 512 uasldnanisuadiaieluismefiainns
TvamufiAmauny 7 Yeananadnimanuuuy uamﬁagﬂﬁ 5.13

- @ = o ' 'Y o
Wisuiieunadnsiasukazauniinsewing Cross model 2 W Power taw modelaingus

o & o o @ o € Vo = 4 ae '
56 uargufl 5.8 tulunaiiinnnaruduiussewindnrideunaranuviinfisnsnsivasieg
fugnmgiinatafinnain 232 ¢ 250 "c uae 268°c vaswanadnuila  High-density-polyethylene
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(HDPE) v@3u3®¥m Chevron Phillips 1159 MARLEX HXM 50100 msmrhﬂ'nwﬁﬁL’s’lnv'fu'lug'duuu
284 Cross model 2 way Power law model AspenanisAualuniaawIn v

HDPE MARLEX HXM S0100 Chevron Philips  MFI(190 ,21.6)=10 g/10min
].06 rrirnm rrinm rymnm TTnmm rrmnm T ymmm rirmnnnm i IHIH‘; T [ci]
- A-232
- -6-250
— Bee8

T rrrmnm

rrrmm

CEEEEEERGEBREEIEGA

Visoosity [gf{cm.sec) ]
'S

10

Tl T

102 T liud (I 1T D T [T T

1 A es=sy Pl do

Shear Rate [1/sec]

U 5.6 M AITUS s NERT IERuIaYAI MWElA Cross-Model 2

P & wva o o w ! v I | P
Ul 5.6 wiulaidiegumgiivpsasdmalvieumiiaiiatiy e nauniseumilaues
Cross model 2 fimsnauauswioguulivesian m un Jmeuauesiuguunillda uwazdnsdou
4‘ I - < o 4 - -
wInTuszdwmalinnavilnanas esemiunisivanyuidsundwalvgungiivamanadn
- d" as = o = - o
wasuvaLTunBR ey Lanwissun 5.7 IidiulUsmiasnisi 3.9



Visoosity [gf{cm.sec) ]

Viscosity [gf(cm.sec) ]

10

10

10

HDPE MARLEX HXM S0100_1 Chevron Philips MFI{190 ,21.6)=10 g/10min

rrrmm

1 1 I I I I I i

1 1 1 I 1 I I | 1

| | 1 I I I 1 I I ; Q'R [1’5&:)
- A 1E+001
| -9-2E+002

prrnm

- 3-5E+003

T, S 1E4005

RRLL / /
4

_-;*_

177

Temperature [oC]

- e as i & -
JUN 5.7 prudniussewd ngaumiinagaaiuvila Cross-model 2

10°

HOPE  MARLEX HXM 50100_3 = Chevron Phillips MFI{190 ,21.6)=10-g/10min

= -\i'."tl T1 R | T VI | Ilﬂﬂm T !Hm‘q SR L 'IH! | l!\h;_:j T [x]
: ! A2
: ! l - <9-250
: . I —~ e
E } ‘ :

2 ! 4

| ) M
\ I 5

- |

S ==

E | 1

= [ 3
10° 10° 10" 10° 1w 1w 10° 1w* 105 10®

Shear Rate [1/sec]

zﬂi‘ 5.8 ANUAUNUGTEMINORTURDURATYAIUVLIR Power law model
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= SR A | - v ' v - = v -

NNFUT 5.8 vhilddlegamgiivesasdmaliauviiaasunlatiosinn Weswinauns

AUViinYes Power law model limsnevausregumyiivesian Tb ves Tanauausiugumgil
- - ' v o = ' ]

Imisean Ngungilanausnnumilsanaisenn wazdniideunnduvdmalvanumisanas
A 44 1 - - A' -" - - ar
Wesnnidumslvawvuideunidwaliguulivemaradnvasumvaiiudumudasudeu uaniagy
- - -
# 5.9 MUuluawaun1sn 3.5

S

HDPE MARLEX HXM S0100_2 Chevron Philips MFI(190 ,21.6)=10 g/10min
T | . |

E o | e ysen)
L -~ 1E+001
- -&-2E+002
5 -5-5E+003
4 10 2 e . |- 1E+005
3 2 \
8 4
g iy - YL/ e\ v .
> o—e—f—f—0—8—6—8—b—b—b—o—0—a—&—8—i—3
— g - S S FAAAAEREI Y ——— T~ Hl
102 1 s | ) ’ ] | ‘ ] '
132 177 223 268

Temperature [oC]

o oo & ’ = et
FUN 5.9 ANIUAMUSTEVNITNGUNQULAYAIIUMLA Power law model

nuuurassgUuiuaNnTg Cross:-model 2 HanleidagUdl 5.10 wazkan1smaasILuyTa8
UuuuaNNs Power law, model wavlauandaguin 5.1 snsudeuiiuuililianawmueniuiidn
Taeft nanfiuduuuy 0.14°0.27 way 05 Juii Jus Film gate igasudousnnnitBusuuuy Fan
gate LATTUIULUY Edge cate WaiTaURMAILUY 1 2.5 548210 Junil iisnsudourestuui
auwvulndiAsaiy



Shear Reat (1/sec.)

Shear Reat (1/sec.)

AT ABUABLIANRA Cross model 2

0.14 0.27 05

2200
2000
1800
1600
1400
1200
1000

800

400

— —— ™ Film gate (Crossmodel)
M Fan gate (Crossmodel)

M Edge gate (Crossmodel)

Filling time (s)

31]*?'1 5.10 dnsnapuAaLIaanRe (Cross model 2)

ansRauAaIaRn (Power law model)

M Film gate (Power law
model)

M Fan gate (Power law
model)

i Edge gate (power law
model)

014 027 05 1 25 5 10

Filling time (s)

< W i
JU 5.11 dnsudeusenaiidn (Power law model)
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Toofigmsudeu wuusiassguuuuanns Crossmodel 2 fimdnsndaumnnituuudiaes
FUuuvauns Power law model Lﬂaqmnuuuﬁﬂaaqgﬂuuua:ums Cross-model 2 in1snauaues
sogamyiildAnitguuuuanms Power law model fwaunisit 3.10 Fsdewalvinuudrassguuuy
aums Cross-model 2 Shsdeulutrnguugiidnisumiaiunaitguuvuauns Power law
model uARIRIFUN 5.7 uazuanaiaguil 5.9 Tnenavesgumai uargumgiidas weauuudiass
Cross model 2 uamaaguil 5.12 waznavesgumail uazgampiidadivesuuusians Power law
model uanIRazU 5.13

oot

aa ¥
PUNNUVA WATYNHURAET Cross model 2

290 = ~SNT 7 M qungdie Film gate (Cross model
2)

270 B grunqiida Fan gate (Cross model

250 -4

& 9ruuyiidn Edge cate (Cross
model 2)
B grunildne Film gate (Cross

model 2) _
® guviiaag Fan cate (Cross

230

Temperature (°C)
N
Py
o

190 model 2) L

& grunniideen Edge gate (Cross
179 model 2)
150

| Filling time (s)

P - -l : " =
JUn 5.12 guviguan warguvniiangneliata (Cross model 2)

- ] aa o - - i -4
NFUN 5.12 wuigamiinaitiaiAuAuuuy-0.14 0.27 05 2.5 uay 1 3uii duualiu

& = = o - = o~k L | - - e ﬂv
anawuAILIEaTanal wazh 5 waz10 Junii guviidawiniui 250 cJaulugumnidanly
- w - ' a5 O - o ' -
Guiulunsin dnguvlidng NLARAMINATIITIEATIANEY TINHANTNAABINUIQNATITUNIY

- J = a' L J -J -: : - e -J -;'

dnflgumaiiinnnigumgliGusuildis Wewnmmdsuiiistuandasudeuiigety
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o aa ¥
gumniidn uargumniidngn Power law model

290 ‘ _ . - M guwiida Film gate (Power law
. model)
s B gunaiian Fan gate (Power law
< model)
5 W gruwqiidn Edge gate (Power
‘ g law model~)
o B gaumaiiangn Film gate (Power
| GEJ law modell)
= = Qt‘uuqﬂﬁmg’l Fan gate (Power
law model)
» qm\nqﬁﬁmf"l Edee cate (Power
0.14 027 0.5 INN\235\| /5 10 lawhael
Filling time (s)

;U'n 5.13 anmnuaﬂ u.a.,qquuammmnmaﬂ (Power law model)

NNFUA 5. 13 w':'ﬁqmviqﬁEnﬁna'uﬁmﬁuuw 0.14 0.27 0.5 25 waz 1 Jundi uwaliy
anawuAI I IERianaminnii u.a-'w 5 waz10 Ju amwnuammﬂuw 250 cwu}uamuﬂmﬂ
dEusulunsin muqmununﬂmuuaﬂaamum'mmaﬂwaﬁmua"uaan'nuwmaaa'iﬂuuu
aun1s Cross-model 2 mnuamwﬂaaawm1qtqumwmaﬂuqquuuﬂnnﬂqm‘wn"uLsumuﬁlﬁaﬂ
Pngamaiiiistuansasudeuiigiviidwalvrmiinmesatainasiivaitios waiinaniy
Wuuuu 1 25 5 ue 10 guvgiianasitiesnndnsndeufianasmndwalvinaauviinvoswaiadn
MaBuVA NN

93U 5.14 - AnudiudseninmmmiiedermuiidauuuiiansgUnuuannis Cross
model 2 uaz 'iﬂ\’l 5.15 ﬂ'nnauwuﬁ'izmNﬂ'nwumammmﬁﬂuuumamgﬂuuuaums Power
law model wunmmwawmmmam 0. 14 0.27 0.5 2.5 uaz 1 .Jum 'nm'luwu'u Film gate &
AVEIAINAITULLUY Fan gate  Wartiuauwuy Edge cate idnisatilosnintusuuuy Fitm
qate fimstemadaulddniiuaituvy Fan_gate uavBuetuuuy Edge eate Lipsantuu
WU Film gate fvwamadhiiidusevinnnninedmaliiiemsaremanuioulduinnia &
PIT 5.2 wavnuiauviiadivualiiuduiewnaundaitesas uamﬁ’aguﬁ 5.10 TiAn
nnMsmemeieuidwaligungiionas uamﬁ'aguﬁ 5.12
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AMUFUNUT TN 19AUNLARBLIA1A
(Cross model 2)

7 - & — ——

M Viscosity (log) Filling
Filmgate (Crossmodel)
M Viscosity (log) Fan \
" Filmgate (Crossmodel)
.. Viscosity (log) Edege
Filmeate (Crossmodel)
10

Filling time (s)

(Log) g¢/(cm.sec)

0.14 0.27 0.5 1 2.5 5

7 J oy F = ar ¥ d’ I_ -t =
;nhn 5.14 Ay MiUS TR IVanaaIRn (Cross model 2)

ANUAUNUSTEVTNAIUNTLAADLIAEN

(Power law model)
7 e N . W e b
6 \\_2— ey S\ & 1~ ®Viscosity (log) Film gate
(Power law model)

75 T\ P
4 a4 "N\ Yo M Viscosity (log) Fan gate
5 3 "k ; (Power law model)
>
o 2 -~ M Viscosity (log) Edge gate
:‘o, 1 (Power law model)

0 - =

0.14 0.27 0.5 1 2.5 5 10
Filling time (s)

U 5.15 mmiduwussewinamnamilasieniaidn (Power law model)

Wisuisuanuduiudseninanumiladeanuiidawuuiiassgiuuvannis  Cross
o =i < '
model 2 wazuuuInassgiuuuaunis Power law model 3n3UN 5.14 uaggun 5.15 wuau
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< =~ - - '
wilaim 328 0.14 fimenumilavednuuinasiguuuuaunis Power law model unndnguiuy
v o - '
aums Cross model 2 idntes wariAuiiada 0.27 0525 1 Suazl0 fiAArumiiaves
[ - 1 W J d
wuuInaazuuuuanns Power law model uAMUBENIULULANNTS Cross model 2 1N LUBIN
& s ' a v @ < - v °
aun1s Power law model tuiiAmavausiregumaiiues fagui 5.9 Tedwmaliuuudassguuuy
=i 1 Rl ﬂ‘ ’ A L 3 e J < @
auns Cross model 2 fifanuniianunnidwmalaensisaaudu weswnaruvieadulady
sanmsivavemaradnvasuval laeramududs warausululnsuuuannsmeasuuuiiasy
ar d v o ar
sULUUANN1S Cross model 2 WaAIAIgU 5.16 uaznamusudn uazarudululnssuuunms
J a 4
AaBILUUTIABIURUUaNNTT Power law model uanmnagun 5.17

AUALAALazANALIU TN ILULTUII LAY
(Cross model 2)

140 7 a = N2 & H AwAude Film cate
130 4 A - e—— - £ — AP SN i
120 4 N Lt 5 £ FZ7HEEON ) /28 5 - H_AUAYAA Fan cate
110 £/ 2 0 P A AN P

100 Fd = W e MWy \ e s N W MitMugs Bdte cate

M a1 wsudalulwsuuy Film cate

Pressure (Mpa)
-
o

gate "
E arnusuaeg Film cate

M AuAudRgn Fan gate

M Ausuiingn Edge gate

0.14 027 05 1 A 5 10

Filling time (s)

i e |

JU 5.16 Amududa Anudiudalulnsaiuy wazauauang vesguanda (Cross model 2)

1NgUT 5.16  muduin Awdudalulnsiuuy wazarwdudngr  vesdusnda Cross
model 2 wWuiniiruiEadn 0.14 0.27 0.5 way 1 3l suddiv ausudauazausululnswuy
fuwnliiasasnummniade Tnefitumuuuy Film eate sinrududn arududalulnsauuy uay
ATUALEAEINANIITUIULUY Fan gate way Edge gate Lilaa91nfusuuuy Film gate din1sanewm
AUTBUNINATY ﬁqgﬂﬁ 5.12 fidaalfiraumilnunnitBusuuuy Fan eate uay Edge gate gy
it 5.16  fdwaldmusuiniuilosnlunssuaunsdaiidmuanailunisdald waznisdedae
ANt inanadada 2.5 5 uar10 und fuwdliumusuda Aududalulnsuwuy wagainusy
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o 8 da 4 d a ! v o v 4 w o o W
AALTMIWHLTULUDIN Lnﬂﬂ'ﬁﬂ'|BWlﬁ’lqll'iilu‘[lﬂi“ﬁ'laﬂﬂ“ﬂﬂulﬁu']nﬂu FNE'I.JVI 512 ﬂﬂiﬂﬁl“ﬂ?"u
- - 4 d o el W w - al g a o . - - 0
VUALNWHTUUINATUAIULIIRANUBEEY ﬂQEU“ 5.14 Tﬂﬂﬂﬂ']'\uﬁqaﬂ'ﬂ 10 UMW YUMULUU Film

-y o - - - - -y - ar - =
gate ﬂﬂ'\ﬂ')']uﬂu“ﬂﬂaﬂ.ﬂa\'ﬂ"nlﬂuﬂ'ﬁﬂﬂﬂﬁ'\lﬂﬂ “aﬂﬂﬁlﬁqm“quaﬁaﬁﬂiéﬂﬂ 5.12 uazAmnuvue
v P - Ay oo Vv oo v o e = - o | ) '
von e nmsdandidmaliiianisudaanindann (Solid layer) iviwitestunisaiem

v o o g w ' o - o v [ = -y [y w -
adeuivihlinsinansvestesmsivaiimumilamios fazui 5.14 idwaliauiulunisdnanas

AusudanazausululnsILuuIuuNagau
(Power-law model)

\
|
|
} 120 o 4 oo\ UL L H anudude Film cate

140 5 . l
100 B AUALRA Fan cate ‘

& awdude Fdoe sate

o
o

W A uaudalulwsawuy Film cate

M anusuinlulnsiwuy Fan gate

Pressure (Mpa)a
=3 (=)
S o©

B arugudalulnsawuy Edge cate

W Anusudng) Edee cate

& AMueydaen Fitm cate

W Anuduidng Fan gate

Filling time (s)

- - = s e w ot S - -
JUM 5.17 mududn muauanlulnsiluy warauAuEngT va1iuaeda (Power law model)

INFUA 5.17 Anneitie anasudalulnsiuuy uayAmuALERgY Vostunuia Power law
model wuimmauiidsiuinlianawmudidusumiuiida Wenngaunsmnmiiayes
Power law model fimsnauausiragumaniiuss Wnevaussiugumiilatesuin Javilviiaans
dantiimnaniada 2.5 5 uaz10 Juni dwwliiiianas

irmg'uﬁ 5.18 uasguﬁ 5.19 uasaaimatiin (Gate freeze-off) JUnvvannsaumila
Cross model 2 wazguwuvaumsauviin Power law model auddu wudiiwualivananiy
mudidn Weswnamudnlilunisdnanawmadoulvnsveassfinissi 5.3 dwaliwaiadn
vasuvanAanshemaudouldnniuiidwalfgumniianas Kaguil 5.12 Ssdmanamadiin
anas
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Time (s)

oSO N A OO @

20
18
16
14
12
10

Time (s)

o N A O O

——4—Gate Freeze Film gate
(Cross model 2)

-8 Gate Freeze Fan gate
(Cross model 2)

~#—Gate Freeze Edge gate
B - (Cross model 2)

0 1 2 3 4 5 6 7 8 9 10 Filingtime (s)

31117'! 5.18 L’Jmﬁmqtﬁﬂﬂ Gate freeze-off (Cross model 2)

VAN

w9 Gate Freeze Film gate

A o 2L -~ _(Power law model)

S — 7 Gate Freeze Fan gate
Ll 12 sPower law model)

I i —
|

~=#—Gate Freeze Edge gate

- —  (Power law model)

- i

0 1 2 3 4 5 6 7 8 9 10 Filingtime(s)

g'di‘i 5.19 Laimadla Gate freeze-off (Power law model)
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-J 4 i w " i -
INFUA 5.18 uazgui 5.19 sgwuimadiuuy Film gate namathiadniivianath
o ar - v - v
WUU Fan gate uay Edge gate auddiu Tnevimnaiiuuu Fan gate uae Edge gate fiiamadnie
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InfiAssiudsinasonisvamenisvadvestunudn waranguil 5.19 Hasmmiadaiianas 7 0.14
il 13wt wuihnaimadiUadunnuiesnin suuuuauns Power law model iims
povauswaguuienInn Jwdmaliiianmstomauiouidesivilinamemmadlag:

N3UA 5.20 521 uaz 5.22 AMmsvedndsvestumiluiicnssaainmsiva suunu X
Y uaz Z audiu juiuuaunsaImmila Cross model 2 wazguuuvaumsaanumila Power law
model  wuitnswasiveniaesaunsiwwaluiimiouiy lagguuuvaumsauviia  Cross
model 2 fiasigusnsnasinnninguiuuannsamiin Power law model ynausidn lag
msvadtunudaniiiviadiuuy Edee gate ﬁfi'n.aﬁ'umsmﬁ"zmnﬁqm lasn ety Film gate
Aadsnsuaiiosiian

WasiwuAnIsSuARIATLIRAL X

o v NN\ =—&—Film gate(Power law |
model)
2.0 =#-Fan cate(Power law
model)
% 1.3 =#r=Edge cate(Power law
,':s' model) |
| % =>&=Film gate(Cross model |
g 1.0 2) ,
=%—=Fan gate(Cross model
05 A 2)
j =@ Edge gate(Cross '
'\ SRy WIS model 2)

Filling time (s)
A \1"aP . I 5O 010

J " vd - ; -v e 3
31.]"1 5.20 mnsvirdaasresturuluiamasaiamsive snunu X



Linear shrinkage (%)

Linear shrinkage (%)
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WaslwuANISUARIAUWAY Y

1

‘AP &

=&—Film gate(Power law
model)

~&-Fan gate(Power law
model)

' = Edge gate(Power law
model)

»=Film gate(Cross model
2)

=3#=Fan gate(Cross model
2)

“®-Edge gate(Cross model
/AR SN € - 2)

6 7 8 9 10Filingtime (s)

§ 7' v 1 ar J : - ) ‘ ) .
710 5.21 emavadede e stiuriluiismaniunsiva swunu Y

0

WasSIUUANISUARIAIULNY Z

=& Film cate(Power law
model)

—#~Fan cate(Power law
model)

= Edge gate(Power law
model)

=>&=Film gate(Cross model
2)

=#=Fan gate(Cross model 2)

=@~ Edge gate(Cross model
2)

1

2 3 4 5

6 7 8 9 10 Filingtime (s)

' as J . = I.;
zﬂﬁ 5.22 Annsveiedsestuanulufismeaiainnisiva auunu Z
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yinranavaasslulusunsy Moldex3D R10. uaskavinnisnaaasdntunusslaefiunanisme
Fronmsiatunuauiismesaainnsiva@amaunux wasfieviany 2) wasiuranisvasiann
msinturumiianenisiva Gannaunu Y) wansieguil 5.5 wedwudniswasaenlusunsuiu
NSNAABITITNIUNAdBUNIAEILLY Film cate WARIRINITITIA 5.4 Wesiwudnismasaain
TWsunsufumsmeasssisdununedamaiuuy Fan gate WARIAIWNTINNT 5.5 uazilasisudnig
wamnlUsunsufunsvaae s iiunumage iy Edge gate UARIAINNTINNT 5.6

= « - W ar a .
13799 5.4 Woailsuan1snasanlusunsuAuN1Imaasese (Film gate)

Vi | Aanuada a3 (Film gate)
Ry (Sec.) Cross model 2 Power law model Experiment

0.14 1.680 0.706 1.81

0.27 1.801 0.635 1.98

0.5 2.000 0.974 233

X 1 1.974 14115 2.27
2.5 1.961 1.123 2.12

5 1.892 0.987 1.94

10 1,667 0.850 1.90

0.14 1.798 1.165 3.67

0.27 1913 0.822 3.65

0.5 2.097 1.048 3.68

" 1 2075 1171 3.67
25 2.070 1135 3.64

5 1.950 0.984 3.53

10 1.723 0.830 3.51

0.14 1.583 0.472 1.66

0.27 1.747 0.687 1.83

0.5 1.899 0.955 2.03

7 1 1.903 1.038 2.09
25 1.889 1.094 2.08

5 1.833 0.972 1.88

10 1.618 0.865 1.69




o « « ar ar -
A3 5.5 Westeuin1svadanlusunsuiun1smaasiase (Fan gate)
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fifme | easaia nsvai (Fan gate)
unu (Sec) Cross model 2 Power law model Experiment

0.14 1.701 0.541 1.71

0.27 1.827 0.730 1.86

0.5 2.005 0.971 2.14

X 1 1.979 1.121 2.10
25 1.963 1.068 2.07

5 1.895 0.987 1.99

10 1.719 0.829 1.69

0.14 1.758 0.591 2.66

0.27 1.878 0.780 3.05

0.5 2.085 1.011 3.26

% 1 2.057 1.137 3.57
2.5 2.013 1.057 343

5 1.912 0.957 3.26

10 1.703 0.799 3.06

0.14 1.535 0.424 1.60

0.27 1.649 0.927 1.68

05 1823 0951 193

Z 1 1.851 0.979 2.06
A5 1.812 0.962 1.94

- 1.736 0.892 1.83

10 1.566 0.785 1.66
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A15790 5.6 Wasiwuinsvamanlusunsuiun1smaaesssa (Edge cate)
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fitma | evandada n1smea (Edge gate)
unu (Sec) Cross model 2 Power law model Experiment

0.14 1.871 0.483 1.90

0.27 1.997 0.675 2.08

0.5 2.186 1.037 2.26

X 1 2.223 1.097 2.31
2.5 2.152 0.984 227

5 2.100 0.937 2.15

10 1.808 0.798 1.87

0.14 1.969 0.572 3.88

0.27 2.097 0.765 3.95

0.5 2.202 1.018 4.00

Y ¥ 2.202 1.003 4.01
2.5 2.144 1.009 3.84

5 2,096 1019 3.74

10 1.815 0.784 3133

0.14 1.660 0.403 1.65

0.27 1.816 0.594 1.92

0.5 2.014 0.833 2.05

7 1 2042 0.819 2.05
25 1.993 0.813 2.00

5 1.924 0.937 1.88

10 1.712 0.771 1.78

0.14 1.660 0.403 1.65

wWisuWiguwamsvedininmvaaainsiaensinvesguuuuinasiainumiia Cross model
2 wargUuuusansmumiln Power law model fudiusudasis Nﬁ!!’e)d%ﬂ»l'luﬁﬁ“i"l]I.I.UU'H’NL'E!"IU.UU
Film gate wuiguuuusiassmuviln Power law model sifiasisudniswastiosiiaanniia
mamslva uazguuwuuTaesnumin Cross model 2 Halndifestuluaudniiunniian Fuans
Tugudt 5.23 idurnisvediadsvesdusmiluiimmaseainnisiva aaunu X wanslugud 5.24 i
Wurmsvadiadsvessusluiirmeniunisiva auunu Y uasuansluguit 5.25 Adudinisue

as - - - o
feasvesturuluismenainnisiva auunu Z
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[4 4 or
WastwuaANTUARIAULALY X

25

- == MIVAMIAUTIAN LN
q X (Film gate) Cross
s model 2
315 : — )
E == mIvainuiAN LNy
'E 1.0 X (Film gate) Power law
g 8  model
|

0.5 — e MIVAMAUTAYIILNY

X (Film gate)
0.0 ‘ > _a . = Experiment |

0 1.2 3 4 5 6 7 8 9 10 Filingtime (s)

o ; e o o+ P X .
JUN 5.23 emvesiiaas tesdunuluiameneinnsive aaaunu X ¥esu Film gate

Waslwuan1suaRaauunY Y
45 LTI G\ A
4.0
| = 35 == 1SRRI LAV 1IN
! ALY Y (Film gate) Cross
(1] 1 1 &1 4% s R o nl MU o
l E’ 3.0 ! model 2
| -;E: 235, Vo 5 AT O B e nimesdniifieniuny
; 2.0 Y (Film gate) Power law
7]
W & S \C AN odel
2 s m
. 1.0 -0 e E——— g LT L BT
: 0.5 J 2 _. Y (Film gate)
’ | Experiment
0.0 R -
01 2 3 45 6 7 8 9 10Filingtime (s)

U ar - : - ﬂv 5
U 5.24 Fmsvediedsvesiusmiluiimnanunisiva auunu Y ves8usu Film gate
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g 3 ar
WaiIUANITUARAIULNUY Z
25 =
20 == NIVAFALRAN LAY
g Z (Film gate) Cross
1] model 2
Fis F———— —
= == nsvedaanuianiauny
S 1.0 Z (Film gate) Power |
8 law model
- .
| = 0.5 = NSNARIAITAANIIUNY
Z (Film cate) ‘
. Experiment
00 5 N

01 23 4 5 6 7 8 9 10Filing time (s) ‘

< : o d o = & & ?
JUN 5.25 Annsvadaguestunuluiinnasarinnisiva aaunu Z ¥estiueu Film gate

wWiguiisuranavaf AN 1anaaeansiagn1@nvesguuuudasIaumila Cross
o o - - by o o

model 2 uagzvuuuiapimamiln Power law model AUTUNUIAITI HATBRUIINTIFULUY
maduuu Fan_gate wudnguuuuanassmmmiin Power law model fifnvesiiwudnisvaditey
- - ° ] & - WA - -
figanniianiansiva werguuuudtaasnaiamie Cross model 2 faTladiAesiudusiudaasann
< w =i = ] o e & - o
#ign dauandlugun 5.26 Niudmanadainassesiunulufirnssainmsia anuuau X wandly

= - ' @ 4 - o 4 =
JUM 5.27 Mludmsvedadsvesturniluiisnmmuansiva eauou Y waswanslugui 5.28 7

' v e - = o

Wurnswadindesetunuluiienspsanatiiva ausnu Z



WaslguANISUARIAIULAY X

»n
|
|
}

- S - == N 1IVAR IR URIANIIUNY
a X (Fan gate) Cross

model 2

N
(=}

= NSMARIAUVIAMIALAY
X (Fan gate) Power law

model

g
(=)

Linear shrinkage (%)
-y
»n
\

= ASVAR IR UTIAN LAY

o
O
\

\
!

‘ X (Fan gate) Experiment

N AR NN\\\///d=
T 01 2 3 45 6 7 8 9 10Filling time(s)

o 3 Y - - - -
UM 5.26 Ansvedlaipress L lufinnieRaannsing ALy X 1e93uany Fan gate

| (3
| wWasigudniswasIn LAY Y
| & ANy . 1
40 e o [ A s
35 L /&%..‘__, e e svesmuiav Ny
2 Ty 7 et A L, Y-(Fan gate) Cross
E‘ 3.0 |! 4 Vv (¢ =3¢ model.2
':_E 2.5 | Y T AT T e v uifianauny |
| G 20 M . Y.(Fan gate) Power law |
5 . —
I g 1.5 =UAFSV A s — model
= 10 e — : “he—= nIvedauviamaLny
- | Y (Fan gate)
’ , - Experiment
e I
0 1 23 45 6 7 8 9 10 Filling time (s)

. > & o ¥
UM 5.27 Ansvediadsvestuniluiamenunmsiva auunu Y vestiue Fan gate
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WaslguANISHAR A ULNY Z

i
(8]
|

== ATTVAR IR ANILNY

2.0
1 Z (Fan gate) Cross
% 1.5 rnodeluz )
< =i nveinunANILNY
% Z (Fan gate) Power law |
§ 30 ___. model |
| - ~de— MIVARIAUAANIILNY
05 : Z (Fan gate)
‘ Experiment
00 S ——_"s_s\\\W777 <

0 1-2 3 4 5 6 7 8 9 10 Fillingtime (s)

;ﬂﬁ 5.28 Answestadsusuaiulufinmeiaainntsivug anaun Z 98sguny Fan gate

WiBuWiBUKEN1TUARAINMSVAGRINTTINaBIN 13RATB gLV aB A Mwiia Cross
s o - w - - - -
model 2 uazjusuuitasenmmiin Power law model AUBUNLAAITY MAYBITUITUMTIFULUY
mauduuy Edge gate wudiguuuudaesazmwiia Power law model fidasiwudmsvadnioy
= a ° < o Moo e o & a
Nganniirmiamsiva wavguuuudtaosm e Cross model 2 dimlnatAssiugunuinisann
= o <t < ' W d x> o &
#ign Aauanalugui 5.29 MiluAnmeduaaevasdusuluiianeginnisive auenu X uanaslu
< < ' @ = 2 = -
JUT 5.30 Mlurmswadndsvestunuluiianienunisiva muunu Y wazuandluzui 5.31 9

' o o« Y a &
Wurmswasieasvastunuluirmismeainnisiva sy Z



Wasiguan1suanaaIuwnu X

2.5 -

2.0

;t—o—mimﬁm'mﬁﬂmqunu

s X (Edge gate) Cross
% i — model 2
y= =l msvameuianiaunu
5 X (Edge gate) Power
§ 1.0 law model
[ =
- e NSVARINILTANIUNY
05 [ T = X (Fdge gate)
Experiment
0.0 . - p— Y, SR | P

0 1-2 3 45 6 7 8 9 10 Fillingtime (s)

l

A U ar d : _ o ﬁ"
JUN 5.29 Annsvesiiedevesdiualudiemaniainnisiua sy X 9839w Edge cate

WoswuaNIuARAULNY Y
g5 b/ LT TR
alp a2 e W D Sl
35 ih—— i LS Pal ﬁ-_j-O—m'iwﬂﬁ'Jmuﬁﬁwunu
$ Y (Edge gate) Cross
e \E29 S AT model 2
_“g 25 N T e mavetmuiimmauny |
'§ 2.0 rﬂg—p—'_- - Y (Edge gate) Power
§ 1.5 ——— s i'. law model
- 1.0 M-ﬁumwﬂﬁqmuﬁﬁmmnu
Y (Edge gate)
05 Experiment
00 —— —
01 2 3 45 6 7 8 9 10Filingtime (s)

A 1 a 4 ‘:’ - Ay
JUM 5.30 Ammsvemiedevestuanluiimmeniunisiva auunu Y 98tuiiy Edge gate
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WaswuANSUARIAIULNY Z
25
_ 20 T e 1SVARIRUAANIALNY
QS Z (Edge gate) Cross
% 1.5 AT - E— pp— model 2
= = N1SVARIATUYAYILNY
< Z (Edge cate) Power
510 ~ lawmodel |
| 8 __. aw m e |
‘ '5 = NISVARALTANIIUNY |
0.5 e Z (Edge gate) I
Experiment ‘
0.0 ~4
01234567 8910 F'l“ngtlme(s)

JU# 5.31 Aanmvadalaasuestunulufinnensannnisiva aaunu Z vesduaiu Edge cate

mniUw 5 23 5.24 uas5.25 wm'\qmvmﬁ'{umsaauwammwuﬂmemwU Film gate gaumail
t's:m'umsaﬂmwummnn*niunuvumamwu Fan  sate Wasdusmiviaduuy Edee cate
@nios mngﬂw 5.23 wu'nwnmﬂszmm 1.8 ¥ qmmgnaﬂmaarmim‘:"dmnﬂ’n%mmmmqL-tn
WUV Fan gate uazwownmamwu Edge cate Luaamnﬁuﬂumqmuw Film gate 3in13a1eAn
m'msauwmnnu*vnmwuwvruwmuu Fan gcate uazwuuﬂmumuuu Edge cate Tidawalinan
madlaganitueimadieuy Fan gate waziuruTimaduuy Edge gate u.ammgﬂw 5.18
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Moldex3D/eDesign i
=W

aw

150

1687

183

0 U 15 U5 1 15 15 O 0 0 0 1 0 1 0 O O 5 O A 1 O O O O O O O O I O I O I

0m

TTTTRTRR T T T DL LR T T T P LR TN LT T TR T i|ll1l|[flI"[Il]IIlllr[H—lllTriI]TTITlWrT[HIIIHFI
0508 1814 KR (0 L3V 1083 L&) age 109% 2 neas

Tim (1<)

] ad - ¥ _ = <l o
JUN 5.34 gaumaiifinaniunis2ag i ainvuasinaiuluy Edge gate #1.0.5 Ui

5.6 NSAATIZARANISNAGRS
5.6.1 NMIAAINHANITRANAARAINMTNAADS

mMsveassnldanaziaulylunsdanana@nenumisii 53 Tdlunisdneiniswaiaves
Furndaluiieniune X, Y wazz swaae IesSeuifisunantsnaasasenitsaunisUszanaen
AMmila sewing Cross model 2 Way Power low model fiunavaassiuaiuananse

'mnnam-mﬂaamu':i'mwnﬁ"rnaa%'muwmaﬁnﬁﬁfuﬂmﬁnLﬁﬂ%u'lw!nﬁﬂmq 2INNS
neasINsIanIMsERlassTINuA I IRdamaniievnseuANaNTRve et ilinade
mwrﬂﬁwaa'ﬁunu'dﬂmuuuui'laamﬂaaun’ﬁunﬁ"m'mmm'ljw ASTM D955-08 lasyinis
WibuiiisurasnnsiiasinsdnuastssanmuAmImALermansitenaaaunuar TR ve sy
muthiliinarenIvafTestunudatunsaassaTNNsAABYhS T UILEANAdEY 10 Tusawil
Heulymssraemmanisaauasysznuammaneadamans

5.6.2 AATITINANTNAABITEMINTLANIAE Film gate Fan gate wavEdge gate
HamMINAanIN1sanlagliion1591a0In15aANAzY STINMUAM N NAGAMARSNUTINTNARY
o =i o el - L
Y9UVUTIABINTEAR JULUUTaeIrumiln Cross model 2 wag Power law model fiuualuuns
ar J - ar J - 3 1 d ar -‘ d -
wadnilouiulaeviiamatiuuy Edge cate HANadunIIvasiInuInTiagn lasglianiuduuuy
a0 a ar - = i al as o as
Fan gate fiAnadun1svadiiviunaty uaseliamadiuuu Film gate fiAeasniswaditoeiign g
o
JUil 535



99

' -l ar
AQA[UNTITVARAT

&
i
|
|
|
|
|
|
|
|

H Adunmsvesiinnuunu X

$ (Crossmodel2) '

-2 M AAsnSMaRIAIILNY Y
Q@

| & (Crossmodel2)

s )
g M Anedunsvesinuuny Z
:é (Crossmodel2)

&

M FuedunsMaRIn LN X
Power law model)

o Anadunsvedanuunu Y
(Power law model)

Film cate Fan gate Edge gate [~ | ﬂ"ll.ﬁﬁ'ﬂﬂ'l‘i“ﬂﬁ"}ﬂ'muﬂu Z
(Power law model)

wiianata
She ) 1M\ NG P
JUN 5.35 aAnRaun1necm

5.6.2.1 JUwuuTraeenuvila Cross model 2

YINAIMARBIMsaRmBIE LN uTikassn YRR A B En Tag
ﬁf&'aul-u'lumﬁﬁﬂ'lﬂwaLﬁnu:uw'hunm 0.14 1.27 0.5 way 1 Juail gUkuuT1aeera Bmiln Cross
model 2 wU'nn'ﬁmm-uawumuwnaavmmuwumnmn-nu mu;ﬂn 520750 5.21 uarguil
522 iflasnnnaimadndesinguil 518 seunuauuuuduanaudnes uienguil 5.16
wuiesliIvs e Sy nunpaauRaL U LaARgsTEnn FaTuralimmdousn
nginssunslvatvudsuvemanainanas figui 5.10 Adwmaliausulumsie wazausuly
msdngiiiaquszdsdiedumsinvarudliinssiunly Gunssemsdewarainidessnns
veesdieldTumuiauanas Mguil 516 Fsdmalitunumnasulinn AR ITB T LILRNN
Fu uaziidoulvlunsdalilvadiinuuiiomm 25 5 uay 103 amdidu aguil 5.20 Ui
5.21 warguil 5.22 lesen 9nguit 5.16 ssilldinawuililunsiaduiniy Weswnifams
dewadouiiistunumdaisnas dwaliruvisvemarafnmadiiuannty faguil
5.14 fyheg A annIAuIn 1 fdwalirnuduilslunsdafudinnniusazausulunsin
Efﬂmﬂ"gw'hué’mﬁmmmaqmmﬁﬁaﬁaaar.i'nmn FagUi 5.16 Sedemaliirmsnasiantiosas

5.6.2.2 Ha ATV LUV MR Power law model

IINNITVAABINUIINITVARITBITUNUNAROUIA LU TY A3IgU
l 5.20 Ul 5.21 wazgui 5.22 Adeulvlunsdalilvaunuusenat 0.14 1.27 0.5 uay 1 Junil
wuidsnsdeudanimafn fgui 5.11 asasnumaniade tdwalvimiuduidn wagausy
lumsdnghanas idswaliAnmsnadiliunniy wasiidoulslumsdalilnaiuwuuena 2.5
5 way 10 Junil wudninnswediluuilianaq ieawn sUuuuaNnns Power law model fins
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novauawegamyiitorann figuil 5.9 Sedwmalumusuilslunsiaantosas fguil 5.17

neaRi 5.2 dlefinnsundanduresiuiividadedussusumadn wuimadiuuy
Film gate iif1 0.304 Turaigfivnadruuu Fan cate SAn 1.0 wagymaidiuuy Edge gate iif 0.712
Baflmmuandnefu 9ngUit 532 533 uas 530 wuiruiinidafiudeuwdasiududeaste
ngPnssuMIMAFaTiiaTuanssiureduumadeusauuy WewFsuiisufuussiululngs
wULYBIUINANLUY useiuiildlunsdafianuuansetuannirusululnswuy Tnedl
Funuvedeumadiwuy Fitm gate %ﬁdwmmﬁﬂumsﬁﬂﬁqqﬂ'a"mwmﬁu,w Fan gate uay Fdge
qate MiAausuiilndiAety fsguil 5.16 wag 5.17 ngui 5.32 5.33 was 5.34 MaanGulums
an qm‘vm“ﬁﬂaa%"uawuﬁaawu%uazﬁmﬂssmmﬁ 250 °C Togfivnaduuy Film  gate gumniianad
ag I limadusiy (Packing) Iifies 7.0 3uil usvnizdiniadiuuy Fan cate way Edge
cate fivalumadudiui 10.6 waz11.2 Juii Jedwmalfifanisuadniosnimaduuu Fan eate
waz Edge cate ifuimihdamaduinduilesntismaduuy Fitm cate tufituilunisdrem
Audeuiiunnnindsdwaldarumilediiannimadouuy Fan gate uaz Edge cate Sudulum
PVT-Diagram vYaawana@#nvin HDPE

5.6.3 WILUMEURANTIAGBITEWIN Cross model 2 fiu Power-low model

INMIVARBAYTLUTBUNATENINUUUTIBIRI WAL Cross model 2 fiu Power-
low model fia3Ufi 5.23 ia 531 waz9IneN3nai 5.4, 5.5 wag 5.6 wulFin Cross model 2 lénans
weadiauanndn sUukuuAamilaniin Power-low model FuilanFouiisusnsdauuasmnumils
55M914 Cross model 2 fiu Power-low model Ui 5.14 uag 5.15 Wui1 AMVEALUL Power-low
model fifpanitanumniiauuy Cross model 2 vilvianwdiudinvad Power-low model faanin
{89970 Arnamiiauuy  Powerlow  model Hufimsneuaussegumgiitiosuin ffat
anawuan v lagirpevauassogumail Thiidniesann Jedmaliaruvilanuy Power-low
model fidawatirrarumiinGusiu g, daafuazdwaliiisnanumialddesniiun@d
gaumgiid fwandlumeanuInguil 4.3 Ay 1.4 wasigumgiiun fssanas 250 ¢ FulU szdena
Wnsiunermumiinanniu uaainguil 510 uae 511 wuhmdasideousuy Power-low
model famfosnimnrmiadn fwanduneunaguil .5 was 1.6 wuldmsiuesates
Smindeuuazauvilaves Luy Power-low model fifmsinemswaiiitesnit uuusans
Aumiiauuy Cross model 2 fififmsnsuaussiagamail To dfunnnit idewalirinuiud
wnnddlarnudideides fgud 5.16 Amnusidaifesazdmaliiianisiemaiiuioures
wanamnuaesdedanaliraumiiaiuiuinn fguil 5.12 fnnndn wudtassmnumiiauuy Power-
low model fineuaussiusnsudouiivsetiafenr Rnsanmusulueanrumiauuy Power-low
model 3Uit 5.17 wuiwrwduiimanaaiiosnn uwusassaumiauuy Power-low model Hulsi
evaussiugavgll Snsiuldiiduasasmuauslldan Sdwaliuuudassnumilauuy
Power-low model yuewgiinssunisaiilatssninlumaaumilauuy Cross model 2 9n
AsEn



101

5.6.4 MsSaBINIBRTUNAMTIRaEIERB LTS dasANseENLUULIRIN

Tnmsneasndsiieuiisutunantmesssdaturuadasnisesnuuuiaifuwai
WML ASTM D955-08 faguil 5.4 matilsimlndlAssfunuudrassrmmiiauuy Cross model
2 nnruusaesrmumiauuy Power-low model faguit 5.23 fa 5.31 1lssanuuudiassru
wilauuy Power-low model Hufinsnouausssegamgiitionnin #1a81 arawuan v Tasiien
novauawagamail Tb fidnieeann Ssdwaliuuusrassmnumilauuy Power-low model fidawa
WieharumiiaSudu ,, Smeed idwalivinneramamialfdosninndfigamgilunmsdasi uas
mnsﬂﬁ 5.24 527 wag 5.30 Mduwesiwudnmsvainudfismaunu Y (in flow shrinkage) ‘UBQ‘Uﬁﬂ
maduuy Fitm yaduuy Fan cate wasvinaduuu Edee cate wuinfinAnainuaaisadeu
mﬂmwwﬂmammnﬂ'\ﬂmamuunu X uazirnasaainnisivasuuny (Cross flow shrinkage)
anaRnnn 2 Yededeiusil

1. Uedvveuniesdananadin Wasnniweaeshnmsitssuiisutunisiness lneiiedes
Sananannliaunsoadeusulunisaaldnuiiviussimunamssaamendamand iesain
UsAvsnmilanasveaniosdamunsldam

2. Hedvveduadonanain suileswinmmumeuiivesinssuuu (Cavity) lunsadas
iR nlsanssaemendinaansidmasonsdunsinavesimanainwaiann
madsanuisdmasenisagdsannssululnisuuy



unit 6
unajuazdaiauauuy

6.1 unsgy

waAgUIINUISEldAnsN T sidvinavesrdamaduazmus daiiina
omvaivesiusudavialndloniidusiseiumnuiuge lnevhmsiwFeudiounans
naassdnaslasmssenuuuuazaisluadanaadniienaaaunuuiug vesuuuns
Sraesngisnsussnandamans shamsvinunenanlusunsu Moldex 3D R10. 1
yatuAnwiiamad wuRas (Film gate) madnuuuin (Fan gate) wasmadiuuu
dwdua (Edee cate) fimmadniinuiiviwavihiuiidemasemmasivesdununasey Tae
annsoagUlddd

6.1.1 MINABIANTNANTTNUVBIUAM AT MUUTAYN (Film gate) MU ILUUNA
(Fan gate) wasmaduuudmasy (Edge gate) imudniimuiivindawihiuuaziaanlunis
Fauiiu muiwnaduuuidy nsnestiesiian WasnmatuuuRduiinisdnem
mudeuliRninedmaligumpiivosuazmnsiulumsdainnnidsdmaliianismes
tosnmathuunin wasmadnuuuamaes yammuisade

6.1.2 nnneassfineransynurssriamuduareinuhidalaeSouiiouy
wuudiassmmile Cross model 2 fu Power law model finarlunisanifierfurudy
fAstuluguLuusaesaumila Power law model viaaniinrumilaitiosninenudu
JURUUT1a89ALMR Cross model 2 Lﬁaamﬂgﬂwumﬂwﬁﬂ Power law model 1ile
gauuiivesavdwalianuviadosnitguuuudiassaunila Cross  model 2 u1n
\lasmnnguuuaumiin Power taw model fifmsaevaussvesian 7o weswn 3a
dealiruviateundt Juuuudtassaumila Cross model 2 sl JUwuuAUvin
Power law model axiimmumilnnnidlardnsudouioeinn

6.1.3 Uadeiiinasonisves Inegumgiinaiainves Arwduds snsnisiva i
wasanIsafIaswarainluuifa lnefigumgiiinasenrumialnefigumgiifiaiy
denalvirnuniinanas wavdmanseNuYeIrIRUdn Iﬂawmmﬂuamuuawma‘lumimu
wanaRnalulnswuuiissmnmisvesiaiissngumgiiiiisy

6.2 talduauusuasuu M NAneAe luauAn

6.2.1 1nmsveassinsmansenusessiavaduazauiida wunfalunisly
sULUUMYTiA Power law model Tusifasrintlunmslildifiodutiasnsdoutunans
fagaviniu Wasmnlutednsdeushy visliaglutag Shear thinning asldradwiuasen
misiRawaInn wasiiaanguuuuamnumia Power law model fidnisnauauss
vaudan T dssunnitguuuudnaasmumiln Cross model 2 Fsdemalnpnuniiniay

622 mssimshwnAsnnmsideadidlussgnduiudsususmidnuu
su‘] 19U Pin gate Diaphragm gate Waz Submarine gate sy uasmasaauusude
pmEMYBINAdTim eIVt
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gale ua: Edge gate AAWFMMARMaiudaiuly
11 PVT-Diagram yaswaa@nsiia HDPE

6. wplwaniyidn
sinuantmaraintdalaolHE W lwiBawwinui
mmedlufiemamalne wazseainmalne Taomadhun
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20-21 Ry 2564

Film gate fimamadaainnimadhuuy Fan gate us: Edge
gate  Aimbhaamaduriiiu lumamesvesiuanie
wans@nyiia HDPE 1n3n MARLEX HXM 50100 {uaqﬁu
nuznmﬁqnﬁnﬁ'\ (Packing time) ﬂt‘:a‘lﬁmni"uﬂaaq'
srwdulumdad u:qmnqﬁnaﬁmumm
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AuautRvesnarainuiin High-density-polyethylene (HDPE) 484u3%W Chevron
Phillips n5m MARLEX HXM 50100 Tulusunss Moldex3D R10 (Power law model)
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-lfla n W Power-law.i
Tb uansnsRaUauaIRagun)ivesian
T Wugaumgiivasumainhedu faiu k)

n, \lu Zero shear viscosity

B 1flu Consistency index
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nsmAruriiasuiunldandeyaduyssansnliainlusunss Moldex 3D R10 uA

aunmstanail

fragNsAuIumAAMULIRSUAY (Power law model)

Hgumafivasumanil 250 °C = 523.15 K

0.0018121)
523.15

n, =132720 exp(

= 132720.45 g/(cm.sec)

YATURLASUAUYY BRsudau 200 1/s

0 40234—1

1 = 132720.45(200)

igumgiivasuvanti 263 °C = 536.15 K

0.0018121)

17, = 132720 exp (
536.15

=132720.45 g/{cm.sec)

MANUNLASUAUTY DRSS UTDY 200 1/s

0.40234~1

7] = 132720.45(200)



fismsdou (Shear rat) # 10 1/

0.0018121)

n, =132720 exp(
523.15

=132720.05 g/(cm.sec)

& a v v ar =1
WIANUNUALIUAULGY BT 1R8U 10 1/5

040234—1

1 =132720.05(10)

=§3§1 { ﬁa g/ (g;m,§ggl

fismsudeu (Shear rat) 1 100 1/s

0.40234—1

7 = 132720.05(100)

= 8464.80 ¢/(cm.sec)
fismsudou (Shear rat) # 300 1/s

1] = 132720.05(300)

= 4389.96 g/(cm.sec)

0.40234—1
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fisnsudeu (Shear rat) # 1000 1/s

7] =132720.05(1000)" "

fidnsudeu (Shear rat) # 5000 1/s

=132720.05(5000)" """

Wi

—

- —
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- l’ ! : N - - )
mﬁ:z? Fnetin N— : Q? % Chevron
Phillips 1nsm MA - Nusinsa Moldex3D R10.(C ‘%
' & \ o T :—‘
3

%
N 0N .?‘g_

e —
. —

mﬁﬁ 2.2 5uﬂ'iz-anéﬁtﬁn#umﬂmﬂuwﬁﬁ Cross model 2

’dy I3 N v o ) ] ~ = ) I ) v ¢ v v
wnastiiluenansianulidmsunsldnuienisfinwming lleygalihlulgussleviiunse
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1,
Uive

1+

Tb
770 = Bexp(—*+DP)

.
din 7~ {u Relaxation stress

' a v v o [y a v o I
msmarMmiaiEuaunlindeyaduyseansnlaanlusunsy Moldex 3D R10 uf

aumsianail

f2B8 NMTATIUAIAIUVLALS AL (Power law model)

figaumniivassuvain 250 °C = 523.15 K

9232.5
17, = 0.00018121exp +0
523.15

=8366.98 g/(cm.sec)
MeAMiABuRY U Shsudou 200 1/s

n= 8366.98
8366.98 - 200 )
14| — 77
132720

= 1511.43 g/(cm.seq)



figaumgiivasumanil 263 °C = 536.15 K

92325
n,= 0.00018121exp( + 0)
536.15

= 5454.20 g/(cm.sec)

WIAMUVHALGNAY 11U SRS uEaU 200 1/s

5454.20
5456.20-200 )
+ L AA, LA W
132720

= 1208.32 14 (cm,ggg)

figaumgiivasuwani 232 °C = 523.15 K

9232.5
n,= 0.00018121exp( + O)
505.15

=156918.305 g¢/{cm.sec)

@

fismsudou (Shear rat) 7 10 1/s

156918.305

N ( 156918.305 - 10 )“%6
132720

= 29247.93 ¢/(cm.sec)
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fAsmsudou (Shear rat) 7 100 1/s

156918.305

N ( 156918.305 - 100 )"59“
132720

= 8601.90 g/(cm.sec)

Y

fisnsudou (Shear rat) 300 1/s

156918.305
\ ( 156918.305 - 300 )"59“

132720

= 4725.28 g/(cm.sec)

fisnswiou (Shear rat) 7 1000 1/s

156918.305
2 (156918.305 -1000 )"“”“
132720

= 2270.64 g/(cm.sec)

]
U

fismsudou (Shear rat) 7 5000 1/s

156918.305
- ( 156918.305 - 5000 )"‘”‘"

132720

= 877.07 ¢/(cm.sec)
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HDPE MARLEX HXM S0100_1 Chevron Phillips MFI(190 ,21.6)=10 g/10min

LI IR IR &
- A 1E+001
| -6-2E4002
- 55E+003

rrrmy

7

/

10

n

RN
J‘
{
f

|
|

Viscosity [@f(em.sec) ]

10 : I — ) . n SN —

] rrnne

10 OO LA
177 223 268

Temperature [oC]

R\

o o e 4 = - -
JUN v.3 arwdiniussswinsgainniiuazanuviawata@nuiia (Cross model 2)

HOPE  MARLEX HXM S0100_2  Chevron Phillips MFI(190 ,21.6)=10 @/10min

IDS:t‘!!?""*”1&'(&'*‘!"'1?!!’!‘ Eﬂ'ﬂ[lfsat]
: =2 14001
+—2-2E+002
~ - -35E+003
.2! . £1E+005
E 4
o
3 {
%‘ \ |
§ 100NN 9o s
> ﬂ—H—ﬂ—E—E—TH—ﬂ—E—U—E——B—B—B—E—E—
o 1
= ]
T FEE IR SRS,
11 PN AT R e iR ah
132 177 223 268
Temperature [oC]

J L A 1 - e = -
JUM v.4 mudimiussewinguvgiluazaumilananadnyila (Power law model)
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Viseosity [gf{cm.sec) ]

Viscosity [@f{cm.sec) ]

10°

HDPE MARLEX HXM 50100_3 Chevron Phillips MFI(190 ,21.6)=10 g{10min

g rrmmm L} rrrrmm rrmnm rrmrmam rrmmm rrrrmm rrrrmn ) ill"% T [m]

F C-A-232

L - ©-250

=

L M| [ | L {

= l |

C | |

[ ! | |

) 102 -\ et 100 a0t N\ 10°
Shear Rate [1/sec]

= Qs " U ar =4
NN 8.5 ﬂ'i']ﬂﬂ'l'HJﬁ’Nﬂ'uﬁi:ﬁVI’JNEWI‘S’]LaBuuﬁ#ﬂ'J’IJMHW Power law model
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HDPE ~ MARLEX HXM 50100 Chevron Philips - MFI{190 ,21.6)=10 g/10min

- | 11 L YV T 1) -P'ﬂ‘; i 'W"illl" 1 Fam FIVEE N omm \I'I“’l; T [UC]
X | ~A 232
P - i l = -5-250
:.‘——-L T #'—H"" ¢ P68
: ‘ ; | |
L | { | f 4
—l— AINEAS = e
E I ! |
[y ] ;
-
[
1
1
|
10° 10" 1w0* 10° 10* 10° 10°
Shear Rate [1/sec]

l‘ L . ar = -y
NINN 0.6 nS'Mn'rmﬁ’nwuﬁism'nam'lmauuazm'mwﬂ'lu Cross-Model 2
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CHEVRON PHILLIPS SINGAPORE CHEMICALS (PRIVATE) LIMITED
(INCORPORATED N SINGAPORE)
5 TEMASEK BOULEVARD #05-01
SUNTEC TOWER FIVE, SINGAPORE 038985
RAFFLES OITY P.O. BOX 3058, SINGAPORE 911798

138

PHONE: § (65)65173100
TELEX., | PHILPET RS 23307
FACSIMILE. ] (85! 85173271 - PE CUSTOMER SERVICES
(85) 65173270 - POLYOLEFIN / MI¥S OFFICE
(85) 6373274 - HUMAN RESOURCE / ADKINISTRATION
(66) 85173276 - CHEMICALS! DRILLING SPECIALTIES
(85) 88173273 . PURCHASING / FINANCE / ACCQUNTS /1T / CREDIT

CERTIFICATE OF ANALYSIS
Date ; 15 April 2011 BO10/04/11
Reference R/84141

Sales Order No.: 7097877

LIACK SENG TRADING CO., LTD
18/1 SO! YANARKAS 3
CHONGNONTSEE YANNAWA
BANGKOK 10120 THAILAND

TO WHOM IT MAY CONCERN

This is to certify that Marlex® High Density Polyethylene HXM 50100 shipped to you are manufactured by
Chevron Phillips Singapore Chemicals (Private) Limited and they meet all quality standards in our current

manufacturing specifications,

TEST RESULT
{ | A !
HIGH LOAD ! DENSITY COLOR | PELLET COUNT
TEST MELT INDEX 23°C VALUE | (Pelletslg) ' QUANTITY
{g/10 min) {gfcm?) i | (MT)
™ o —uaa I . T ! T T e WY
METHOD ASTM D 1238* | ASTM D1505* | PPSC-P11-1 |  PPSC-P13-t J
L
Lot Numbers % }
BCD 341935 9.8 | 0949 215 ! 50 : 17.000
Total Nett Weight 17.000

Nole. * Samples were tasted in accordance with ASTM methads, with the exception of sampie conditioning

THIS IS A COMPUTER GENERATED FORM.
NO SIGNATURE IS REQUIRED.
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