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Research Title: EFFECTS OF GATE TYPES AND INJECTION SPEEDS ON SHRINKAGE OF HIGH-
DENSITY POLYETHYLENE FOR INJECTION MOLDING PARTS

ABSTRACT

This research studied of the effect of gate types and injection speed on the shrinkage of
high-density polyethylene for plastic injection molding part. The experiments were performed
with two mathematical models of viscosity, Cross _model 2 and Power law model [1], to
simulate and compafe thé shriﬁkage of plasfic part by Moldex3D R‘IO pvrogram 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 -shrir'wkége from cross mod‘el 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]

Keywords : shrinkage, gat e, high density polyethylene
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Research Title: EFFECTS OF GATE TYPES AND INJECTION SPEEDS ON SHRINKAGE OF HIGH-
DENSITY POLYETHYLENE FOR INJECTION MOLDING PARTS

ABSTRACT

This research studied of the effect of gate types and injection speed on the shrinkage of
| high-density polyetﬁylene for plastic injectioﬁ molding part. The experiments were performed
with two mathematical models of viscosity, Cross model 2 and Power law 'njodel (1], to
simulate and corhpéré the shrinkage of plastic part by Moldex3D R10 progfam followfng 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 moaél 2- was higher when combared with the power laW modeL.
~ The all results were acceptable when compared with the shrinkage of plastic part by injection

" ;nolding machine {2]

Keywords : shrinkage, gat e, high density polyethylene
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1.1 anuduuazaudrfgyvaslagm

TiinsmsedinUssiiureaned Agnwuieardesiulnduns (Polymen) Wusths
1n dsvaaaiadldgunsainineg duusiilndueivieniinduluowaiadn (Plastio) 1u
drulsznavegie Wy veududn 1n3salsedu wisana galdemns uarfudiusosus
Wusu

Indwefiiutanduansiiignuszavgtu uashilsluaudievsanadesniting
Tagluthgiugramnsailnauesidissy@ulned unaii wasiduiiouesauwsvans [1]
uatlymiidwalidunudadesanniw wu msdaliidis (Short shot) nsiiiasesludiBumn
mark) Mstfinsegusvaiu (Weld line) msiinsasgu (Sink mark) iiaATu (Flash) wagns
viasa (Shrinkage) (2] é’auam‘lugﬂﬁ 1.1 Tagiitlgminisiianisnes luFununanadnia
Huduligmididdyuaniais Tasanananlédia “nn‘?fvuawuﬁmwmaﬁmﬁﬂmsmﬁ’d”[1]
'lun'15Lﬁﬂmsmﬁ’ruaﬁ?umuwa1a§nﬁuaz§uagﬁuﬁaaTsmmaasm iy A udu iR
ylinvewaain wazvianamslvavamaiafnusiu [3-6]  uarn1suasIveanaafndl
Arddgyegnlun1sesALUUIRLWEAna RN

Sink mark

»  Common Defects:

Short shot

Shrinkage &
Warpage

Weld line

JU# 1.1 Ugmevesduanulunssuiunisdananadin [1]

mﬂﬂmmmswmﬁﬂumsaqwa'laanLﬁu?iaﬁa"lﬁmmnﬁuwmaammwnsiu Yy
amamnismumumaum (7] muam'lusﬂ‘n 1.2 wqmnssumiwmmmadwmammﬂuﬂmmw
a'lﬂtyamqmnwawamaﬂzumwwawunuaﬂwmnmamiwmmnuavmiuf'ﬂ'u mnmmmn
Hadovarvetne Tnoiitladomariliim e desdetunas iy NOANTIUAIIY FAnTuiv



wifiminssaduldlumsyiuamdulsauanuaunsaveuslas@alunszuIunISHAALID
msdudmaaanlueifriiuiunsuilelgmlunsnfimsianaranniatemees
Yo vanilisuyulunsdananadngetu Inefisuanuiigndesanysaiiuiidauieados
Tnensafuriinvemadn (Gate) [8-11] waranuiilunnsdaiiinasionsnasvestuany
dn 9nanmzmslvawvuideu (Shear stress) [2][12-13] Fedamalasnsinan1svasives
Funuda (16-17]

= = = <
JU# 1.2 Sunuialugaamnssusoous (1]

uviLﬁu{thmﬁmmw'uaq%udauwa1a§n’1uawammsmfu BWHUITAUM IUVDIGINUN
LazyhnTsYRaBIEeman TN auwaﬂ'[umsnmuﬂuaulﬂmsaﬂ Welwldgurui
ﬁammwmmsuuqmaaﬂa LaUL'sawu'muazum‘lﬂnqua Tunsneasssilovanei
wanzabiaansoudawinginssusiieg Tviave warlutagiumatianislguuudtass
NALAANARS ruumsmaaqmﬂﬂluwaamuw (Finite element analysis) JiAuQnFBY
Lmumaqu,avimmmnw (18] =aaumsmm‘l‘ﬁ‘lumsmmawqmnisu‘lunszmumsmums
wsﬂ‘numuwmaﬂnnuamauwwma [1],[4-5] Lﬁ"ﬂaaUﬂmauumawuﬂmaL‘U'mmama
msmm‘uaq‘nuq i fdaturineiiamadn Tnemadniduduildeuseseminduny
amnuvuusw (Runner system) Luaamnmqm"muLﬂumuwLanwam‘lumsmaumaﬂaa
wunuamnusuuunqmammu PUINVBINIAUGY FUTNYBIIAULT uazsiumiaimad 3
aawa‘lmnﬂmmmumau wazfinnsinemaudeureadn fikalusunounszuiums
daudiuuu (Filling stage) waztuneulunisdndn (Packing stage) Wilnasatusu lunis
U%’Uﬂi‘aﬁtﬁuummaﬁazﬁdu'lumsaaﬂuuuuﬁﬁuﬁwmaanuuuﬁﬂﬁﬁmmgnéx’m L PR
wiugge Usendarlyingluniswdawinumuas msnaundaiusmaaindale



TumAteianulfiuiodnareriamauiwn@idy Film ate) fleanuuy
AufuLuieed Mengen [19] mMaduuuna (Fan gate) wasmaduuudvden (Edge
gate) Fuurnremadhinuiividanihfuiidwanenmsadivesiuiunaasy Tngld
waaAnlumnaassrdalndloniiaurinainuvuiuiiugs (HDPE) Tunsdeudasads figh
wsmurufs gumgiivasuvaivemanddin ARy uazAIuITI3A (njection  speed)
TngAnwransemuivhldiAansvai fife1saunts vuzda (Filling stage) uazmMILANLAY
(Packing stage) lagviin1ssnasimInszaefvesraIafnimaInIgisn1TUssINMAILT
Fuaviersuiunaslasldlusunsuduiagy Moldex3D R10 awszgndldgisluns
Sizilgmiitiaty wasvhnaeudisunanimeasianisiiaewnedslinluvad
wy fumsdedunussdasnsesnuutazadasifuwiniennasuanuwiugwesuuy
A5980 WM ALAANERS

1.2 IngUszasdn1sidy

1.2.1 finwmansenunsuam syuinsaunsussinuainunila (Viscosity) S8
Power-law model waz Cross model 2 _

1.2.2 $raesherasanssuveiamainuazanuslunisiadidnerinsvam
YpeTUNUEN

1.2.3 ¥mswSsudisunanissasssnaiamsuuuasmnadamans fuiueny
AAVIAABUTIN

1.3ugufuasuuAniiidluntside [20]

Hagthumdnsnsiwaranniiunumunntu dedinusziiiu Tnsgnanvinssulédlimedn
aud i aneiflonevaussreaudeanisvasduilan dednsudilddeainnai
Femeesiign uaznildlulgmiiwuinndae Asdanavasatulugusu mavedide
HARIYBITUIATE I NI IATE T U UNATAR LT TRl WS UL (Cavity) [21] a6l
miutazguaiidiulvgizivibefe mm/mm, in/in wis wWediun laeiindnfintsen
daolud :

1. muduiussewing iy, Uiines sasgamagfinsasuudasidany
anmzdeuly o 3 Fudsiimanszufuainsued

2. iileUsinaswanafingniiilifeuuazeensds dleduseenduggungd
UnauasUanasnsiy

3. iflewanafingndada USunsezanas uaziiisauduanasgaanuey
UTTEINNA WAERNITNAUFANIBIAN

Tumsieszvinsmeada Py T lnezunsubuedesdiefithelvidnlangingsy
vesaraanuAazrinldllueded Py T laszunsuuansfannuduiussening anuau
(Pressure, P) Usumasduwng (Specific volume, v) uavgauvinll (Temperature, T) Tag
unuueuugamoiivemanain unusaduunasdetmin 1 nfuvdeulinasdunz
(Specific volume) [8-9] dunsmusasdusanianuduiudszvinguvgiiannusiuuay
Vhinassmedienuduaeing duanduzui 1.3 .
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Specific
volume

; i Incr::asing
: @ ‘ pressure
- Volume - XA gy NG

Melt
temperature Temperature — P temperature

Room

sUT 1.3 anuduiusseningamafinnnuaunaziiinissuwaz idwadensvadive
FUNUAN

Tnsawgiisunumanainuesaiie snUSiesidluunssiumamelu Sadu
HANTIINASTEERITRIaNaRndis e uA LSy é?mam‘lugﬂﬁ 1.4 MITALTERITUARD
YaaaraanlunszrIunsaanatainaiunsamla 2 35

N7 1 sawEmsvafYemanain unisdanataanadlns Uy
shemmiugs Tutsnanduq Welvnanadniimuvunutiufstu ‘

Foisiine minsdmSunuiun frdusndation

Toifly feantsusalnuinuas

nseiit 2 Sadlananaindnlwsawuudoussutunans sgharetiies Tnsns
ShesvunusuaneluwifiuWlviaed .

Yorisiine wnsfunumun Wusdunsawifaites

Yaide fimundunnasaelasanieuionlng Gate

AMIaAIvInanafnlunsruIunIsAAnad@Rnanisassuteauuuulinalag
Herbert Rees lunisuadalunivugld Teefinsuesdriiuistuainmseeesadiessn
fuussAnsmanudeuresiag WenruFeuiutuasvhlvnwaafnveeiuaziodeom
mm%auaanﬁdqwalﬁﬂ%mmwmaﬁn%né’uejﬁalﬁu u,azﬁaag‘luamazusaﬁ’uwv‘h’lﬁ
waaRnvaaIas
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5U# 1.4 wuudassmamasveswanainanelunivus [20]

1. agugiivinmg v
a [
2. wana@nluanzyawudeglunaus Ysines v
3. waraRngnvinlviseudy Yilviveesmauuinaafudu VH
fuUszavndvesnisvenesi (Coefficient of heat expansion) @unsnAUINLARIENNTTT

- 11
VH~—V
3 x100% (1.1)

\

4. wanaRnviaaumasgnyi iuiadunvue
5. WanaRNVABLVAIIEVAT N1TUAGIasTUBgUAILANG B R MMYTinTS
vasuvaazguvniivas fwanarniihdudusigniansanainmvusAeunisudeia v
wlimamasafintusiwaidesmeusnnauyaunssisguugiivinfugamaiives
6. wananluanmzvewdeglunyug Ysunes v
7. wanadniimwannsanasadilél degnannufunsevih svviliwanainvash
VC
8. lslenmmiueen Ysinasasndudiadiu Usues v
9. lagnhli¥eunazuenefnelinudy
10. iflawanadnibusasnielininudu Sseradummduiilinssuiuns@undy
viiensingn wanaRnavuaa '
unaqy
1. gaumgdl Asiimnuuandessrigamgivantunusarguvniivies szvhaslyv
MsvAFiBEa
2. sty frenuduildlunssuaunisdadiiidnganmanadaaziies ndutudan
dusaglvnsuadags
3. nanfililunsdaiiutu vlimvedatesas



4. quaRTemnatann warRnusiazyliarnIvadibitviniy
Pnflnamiu aunsaiunemsvasmvsmaiadnliley msleisnstiaemn
Irfluidawuy FmuituegiuvaneladesRsiinamind iy

1.4 YBULUAYBINNTINY

1.4.1 Amuardamadhlaus madwuuidy Fitm gate) Madinwuua (Fan gate)
wasmaduuuAnaey (Edge cate) AusasviasiRuAiniwawiaiy

1.4.2 HumsdneitelnglinsdimedaiioAnmauduiuivemuniidauazinai
lunsda fidwansgnuiungnssunisuafmysawanadn

143 dawaadniilinaasuluviinlndleniidurdamuvuiuwiugs High-Density-
Polyethylene (HDPE) 9adu3sw Chevron Phillips tnsa MARLAX HXM 50100

144 HunsfineidossnitsiaulsanudutasafidansznuiunnTuamTes
FudiumanannemuinasgI ASTM D955-08

1.4.5 WunmsaneiteifewSsudieunansnaaadiildainuuuiiaasneadnmans
fUnsMAABINSAATLNUTSY

1.5%umaun1sfine
15.1 ﬂnmwanmsuaquvgwumwaamsaﬂwmamn
1.5.2 Anvmdnmsngqefitugrusavanedeuluvesuuitassadnmansildluns
UszanauAInIIvaem
1.5.3 Ansmdnnsuasngufugunmsssnuuuifsnianwanasn
1.5.4 @nwnislyulusunsumiening CAD (Computer Aided Design) @ Program
Solid work 2010 titel#lunissenuuusaradsuuulaaalunismaass
1.5.4.1 Vnseenuuuiunuiiidluntsvagay auuasgiu ASTM D955-08
1.5.5 Anwnisldaulusunsuvieeiu CAE (Computer Aided Engineer) lae) Program
Moldex3D R10. iiisldlumssraemeinssulunisianaradnlunisussanuenavesa
vastuudn
1.5.5.1 viasanszilgvnsiianaiafindag Program Moldex3D R10
1.5.6 MImAaslLasiure uasliAsERRaTlAIINATIAaas
1.5.7 ayunauazinnsaluanisvaass

1.6 Uszlovtvantsiay
1.6.1 Wuwuimdunsiaunlunsesnuuuutifuvdala
1.6.2 dwamsnaassluiBsuiiaulunisiwsigilamnisvadala
1.6.3 deyaanmvasedluimuiau@ananadinesly
1.6.4 aunsnulusunsy Moldex3D unuszanalglumsundgmlusudanaiain
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2.1 uni

'luﬂ%uuuamnzu‘nwanaﬂnlﬂnnu'lm'lﬁuwumannmﬂaw U2 nTATY B wazlil
nuamauwwaw lunsuEasunuiiviehewataansaunAdu (Mass product) 3wade
(A3esilafiiuninuiiu (Mould) mamamuam’lugﬂw 2.1 Usznaufuaissdnsitaely
nsuaarldlunsuantuauin Wy whaia nseulnsdwi %uzhumauﬁ 2@+ [1] Iﬂmu’m
uay ﬂmmmawuawaﬂwlﬂwaanu msaanuuuuuwuwmnﬂaa waznsUTuR
WsEinesTeInIUILNNaRt uUNa AR nT vz al Wudu (5] \etheliunuidadl
aunmiidenzaulunniluldou

P ta € -~ - -
JUh 2.1 Wiy L lus@nduaruae [19]



2.2 F9RIUINTS LUNISIRBINTAANAERN

Yannstumslildsunsudraemginssulunsyruiumsdananadn lulligiumaiia
nsldnisdrasmalnWlundduun (Finite element analysis) Lﬁu‘iﬁnﬁaﬁﬁmmgnﬁaa
wiughge variimusaads Sdimahlulilumsinnenginssulunszuiumstuguves
Indwes (18] #ilimmgnees Ia31 warusewdadlise Juduiideussrunivansly

gRaMNIsUNIaRTuIUNaTadn lasiidaunnislumssiassimsaananadnall
2.2.1 Piaumslumsiaasmsdananadnlugal 90 [5]
2.2.1.1 Motdflow

Tumsianeewdwsnldlunsseeaginsslunszuaunsia
wanaiin lngifintuaiausniivsuvmosatasidie 7 Cotin Austin Tut) 1978 Ing Kamal uaz
kenig (6] Musememsinitzinluiiagiiufe Moldflow #i5dntut 1980 Tay Moldflow
JuvdsmiiGusuiminusenduiildlunssasmeanssilunszuaumsiaananain Alé
TumaauSunudanarainuasszuunieda¥ou Runner system) 1agld35 Layflat 1Ju
nsdaeslaganiigviann 3D nfetagUil 2.2 uaadiiiiufavosermediandrsiiveu
YOI uazgy 2.3 fiuana Layflat ikan1siinssinuiiinisanastssmaiy osin
anudsgnuvndisnaunuasiuny wids Layflat L{luﬁﬁﬁmmsffv%umugﬂéwa&md'w
luigudou tﬁaqmnguiuﬁﬁuﬁaﬁ% Layflat szvildiRansviudeuit seg109u Sudiu
308Ut AIgUT 2.4 Auanansviudeuvastusuuingeiilins Layflat iiamsvivdeuuasi

lﬁxﬁmmsﬁﬂwmﬂ‘luﬁqﬂ

- ° o iy . o a v v v @
3UN 2.2 msdraasnsivanveuresiununasaniiveseniausnausumiaziundals] -



-

——
B e e RN LS A S

JUR 2.4 Judusnguanldis Layflat iviimsadeeniuwinszuiy (5]

2.2.1.2 SDRC

11l 1980 SDRC ldmsuwsuazsiumuilusunsy Moldflow #
ansnIAsIeinIsivawarmsitesvinisvasduluwinum waznnstawe (Warpage) lu

Funuia lagldsingnilunsiasiziain 2.50 midplane fis21N1SAMIUATIAUANATN
a4 o a o
weavinnensiage lnsuandlugun 2.5 [22)
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sU 2.5 sUTuITL 3D ($70) uazgUFu T 2,50 midplane (121) [5]

2.2.1.3 AC Technology/C-MOLD

Tuszwinegaed 90 AC Technology diasudediu c¢-mMoLD 16
Warn n3aa MIanen warmsvasdiu U3 C-MOLD BuiumsAuanmBLAuAnAng
Ty C-PACK/WIN 1wl 1991 [23-26] waruasananumiin AsIAsIERALAUAnAaLY
Asrvaunsans warluran s sinsnaedu Arnnaauduandeiinalutaanns
Sn61 uavaunsadeneigUsvdimsUantuauld Wl 1992 GMoLD  #ifdnlude
C-STRESS wariiaein - sinseainmnmdunndeiivagluia CPACKW Tagldsumsneu
Suvinvoldan warndaainiulud 1998 liaomasdminede 30 Quick ilfivaila dual
domain lunsdnasinisas é’agﬂﬁ 26

a)

1

b)

C)

d)

>

|

e
—

-

Ut 2.6 UBuNUdaRlEinaiia Dual domain (5]

2.2.1.4 Simcon
Simcon lewaiuaaiiasanlusunsy 2.50 srudiunistnge Tul
1998 Simcon leanIMsa3 e Mesh 8619526152 Tasade Mesh anguangusnauuu 3D
al' - s v v ar :‘ @ o a‘vv
#ismaiia Moldflow fu C-MOLD telimasiiu ivmuna nsing uands 2.50 iganly
-
989 Cadmould Pro.
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2.2.1.5 Sigma Engineering
Sigma Engineering 3MUS¥M KV Aachen tlumssiufiuvad
Simcon iy MAGMA GmbH. MAGMA laWaiunn1sdnassuuu 30 MAGMASOFT Tul 1998
Sigma WWadan1sdaesuuy 30 inuewnaiianieg Tunszurumsia uagleWannnsua
mesh 1fuduq lunsnaassiiiinanms Finite differences fiTaanausaliindls uasin
sumihnsluafiaunsavhue madinsesdald AluiupulunsSaduwuuiumn
| 2.2.1.6 Transvator
Transvalor  (Uugsfiaves CEMEF  Tidlugshaiidenisue uas
atfuayuseriivannan CEMEF Tul 1990 Idhndwinglude Rem3d funisdiaad
wuv 3D witauniu Sigma Engineering
2.2.1.7 CoreTech Systems
INTIENTBIITUELan Ty wasunde Tsing-Hua (NTHU) lawTu
I¥dunimsianarainaoudd 1989-1999  Suhlfiianisadreduveuien CoreTech
Systems Co. Ltd, Tut} 1995 [27] Tagl93e91 Moldex TneSuduginnaiia 2.50 midptane
Tunsdnassmsivaveswaiadingda

2.2.2 Fawnislumsdiassnisdanaiaanul 2000 [5]
lugnasioflgaamnssuiilinnuddduduneluwifud lufuguiaiaszuud
il ldveuifian ihlfAanswa Insert nmelunsiuwimileniudfuivhly was
Giamlé'ﬁmsaanLmuﬁﬁmima:auaaGiamméfaqmsmaqqﬂﬁ'l wazinaluladnisiasien
wou 30 Aidudsslesddsnisudauin IﬂaLaww%umuﬁﬁgﬂs"lﬁu%'au (Complex
geometry) fiaunsaaduisnansenutastiywiléein lasfisiavewenuiinssiasd
ﬁﬁ'\ﬁaﬁaﬂﬂauﬂamuszé’um‘l%’mwmcﬂ%’
2.2.2.1 Moldflow
u3En Moldflow landrainideain C-MOLD TumsAaiun suau
wsnRemsteunaluladl Moldflow s:udAU C-MOLD fiuduussnisiesiesiszansam
983 midplane dual domain uazIzUUIATIZLUY 3D
filduniruudusgranneszurdinssicuy 30 fems3isu
Y8IMTIATIzn Medaselussuuiasiziiuun 3D 28] Thhteszuuitasiziuuy 30 11
Jesginslasefinuianauiidainan lilumsduungRnssuuaznisnsseiives
Tllues
2.2.2.2 Timon
Timon Idannaeldunfaszurdnsizvivuy 30 atsaiies
Timon dannnsilessiuuunan [29] #lH38n15a513 Mesh Tumsvinnenginsaulu
asdananain el wineusnfsnsvinneaauiAluniseenuuuaud
2.2.2.3 CoreTech Systems
CoreTech Systems lal435 Finite volume fivauilag Chang
uag Yang [7] CoreTech la@aeszuudasizvinuu 3D Tutl 2001 Tuuu Moldex3D/Solid
wazlasmdBnisdnaewne Finite Element Method (FEM) Aunisdnaemd  Finite

S
\~‘
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Volume Method (FVM) L'if'fl"ié'wﬁ'u'?ia'lmmﬁ'lmagﬂ‘i'mwwé'anssmumiﬁﬂlﬁ el
BM5a519 Mesh enuLviﬁau‘lunﬁ'«iﬂaaamnqﬂs'wwaa%unwmaav LU M3as Mesh
Tndnilsvosuifiun (Mold  wall) ‘ﬁlfﬂunﬂiﬂ%'uﬂjqnﬂsﬁLﬂs'\sﬁmiuamﬂﬁaum'm%’au
(Heat transfer) U3tnlndfuntiauifiud fvlddnlsldielutunounisia dumdeiiin
asudarluseninanssuiunisiadaldegransiugr Moldex3D/Solid fin1sias1zwi
Usznauludhe tumsunisnisia Sursunsnisangn mavideldiu wazarsmafLasn1Ion
1® éf'aaei'w.qéfmaﬂ-ﬂugﬁﬁ 2.7

3D Geometry

gﬂﬁ 2.7 wqaﬂiiumﬂwa‘uaﬁumu 3D (48) uagduau 2.50 midplane (¥71) [1]

2.3 JUABUNTZUIUNIS IUATRAWATEAN

Sunsuinis lunsvurunisdavwanadin nsvuaunsia (Filling stage) Hutuneu
wsnlumsdudalnsauy Tagmsds wasmnmilndesaluniswasuinainaiain laed
puviindutlidsideanenisivarewaradnvan uasdiiiladuduiidemananiumila
dnuu gaumall SrsMsthemauTed SRsIaeY wavrauwasturTuudu [30] Tay
Jedumaniidmaratunoulunszuiunisan Taefinnumuivesdunudaduiledvidma
inniign AU 2.8 fuamsusadumsivaiitosrenslvadiotunuaiivanumunnn uas
Glammmunturnudaiesasviilviussdunsivarnfinaniieafusesduauda (7], [10]

lae Jansen (1998)
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velocify shear rafe
profile  disfribufion

A ' : o 1 <
FUN 2.8 AIUANATNYBIATIUIVLNYBIT U TURANAINAABNIZUIUNTAA [1]

FumpuTiass nsEUIUANIIRE (Packing stage) LUUNSTUIUNTIANBNEIANATILAL
winTnsauulusdussuam 95:99%  iesnwanuduliiievamenisuasivemalann
wdnnszuaunsin Tasiinsyurunisiagnesinisinwaruiuliuiunefimadiey
udei (Gates freeze-off) (fiovawenIsUasIsutiiswnanasaemaudou waglild
wanafnviaeswvadlvadaundusaniialnsauvy - Faduamguesnisgusa (Sink mark)
fissarnnisnefvsmatafnmarfitduda nsdadiagldanudulszann 50-809% veq
aruiuda Taetliduruiy finaunndensuasvestunudawanain (6], (8-11], [13]
| Sumpudiany aszuIunsnaniy WunsgurunIUdanisnszuIumsanga lng
gavgiivearadnluwtiissivzanamioudulmessunizitanas lunisuasiduves
ASEUIUNTTEARAIERNTY 8AB9IN1588NLUUTBsYasssUUnaaIfuTisiusz AN nndl
aunsoanailumskdnasld [31] syvuvdeifuduiladovilsidmadonunmussduny
da Wunslnee [30] waznswasailiivnAvasiuauda (Nonuniform shrinkage) SsUU
wa’aL&‘Jutﬂumsu,amﬂﬁaumwu%'auiﬂamsﬁ'ummm%’auaaﬂmﬂ‘[uawmsﬂ"aqquﬁaﬂaa

JuisgesiUasfunugun 2.9 [31-32]

M(}ld Base

g/ & & Cmtycpart)

at Conduction

<l '
3UR 2.9 nsesnuuuszuunaaidy [1]
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2.3.1 NMIVARIY8ITUNIUNaIaanan [33]

mavadndudigmiiendenisivsawasnisudly Susrmwatadndagn
fmuasruranedsunudnyuznisidiuresdunuia Taslunisaistuauia
wanaRndnilngiazdonidudiusinag tanuszneuiulasiasdesdififvedunuiad
andeuitelildunuiiinunw nsariummedvedunudadsimuddapnn uas
deaunsainednsuriamsrsangAnssunisuamldfansaideyalulilunis

aantuunaznisunluluniseanuuuwtiRuwanle [34]

AU 2.10 ﬂszmumiﬁﬂwmaan'ifuwmaﬁnwaaumm%gné’ﬂ'lunszmums
Sﬂag”nﬁﬁmucvﬂﬂagﬂiﬁwaﬂwiauuu ‘lunszmumsﬁﬂgﬂaﬂgﬂ37‘1’1ms~1‘]auwmaﬁnuaamu
wlwsauutasiaglasinsnussuauninadnaiiuias Svdminiuiununanain
azifinmsuamineluwiiam (in Mold  shrinkage) ATz IanTuTIaBNI NI
[8-11], [35]

Packing
(compression) _

Start 7 _:P] (1_ h Gate Mold
injection solidification open
Mold . [n Mold
Y —>  — Holding—><—
filling ) shrinkage

T

Cavity
pressure

. Pcz_Lk
cavity
pressure

1

3U# 2.10 anusulunsguIuMsaswatadn [33]

[ SR,

Time —m—>

2.3.1.1 n3ld PV T Tun1sUssunuaniIsvag
Mg PV T lunisussinmuainsvaailasianinsianunu
aelulnswuurediaiivansdrmusiuusazaaslunszuiunisianatadin [8-12] laud n1s
Wandiu (Filling) Asingn (Packing) n1svasLdu (Cooling) wavn1sUanduau (Part
ejection) fuandlugud 2.1 di



*

Pressure History

g Filling : Packing %Cooling Echction
- B C o i

% : 17 (Freeze-Ofn)

= .

b4 : :

s : 2 i
= | x_bi ¥

A Time (s)

Solidification time
Calculation hased on amount of
matetial in mold at freeze-off.

sui 2.11 ANUAULAaTTIIATUATTUIUNITan [1]

nguit 211 WuanuduusasdiatveansyuIuasdanatainiu PVT
diagram Aiduvis C (ugaiimadinlia (Gate ferrze-off) vilduganszuIunTIRuFNYe
dowanadinlag [36] waz [2] Jansen, Pantani wazTitomanlio Wfawnsian1snafives
Funuialnaalady wuih mnudunazinailun1sdadn (Holding time) wasfiemiansiva -
fnaremsnadvastunuwanain Insfinwdudmamniiansomsvada uazga £ Ju
nszvIumsUaniusueenanusifu ﬁ)1ﬂiﬂwuiﬂ‘lums’fﬂnﬁmﬁaﬁu’uLfJumsmiﬁ'\mmﬁ
Henfuauiulunssuiunsanuazssiduiusiv PV T lnazunsy [37]

2.3.1.2 aAnudunusevas PV T laezunsa [33]

. \Ha1a1nU5HRsS Wz I DAL NUILLLYB MBS lunanadn
(Thermoplastic) gninnualasilsifuvesgamgiiuasaududeanunsadiuan uasmeld
naumsmLduiusves PV T laszunsy  fimldainnisveasd wagaiansomuiuan
UBnasdumgvieaumuuiuling diiidvusguvniiuaza iy wasdewnsaa
Sasmsiaouutas PV T leszunsu vemaann llasnisnaass [8-11]

2.3.1.3 PV T laazunsy funginssuvasiwawes [33]

5’aqwmaané’aqmsé’uﬂssﬁw%{mm%'auLLazmmﬁ’umﬂmauanﬁ
avdwalagnsaduudinaslunisiiudy Tnonamdriaunsadnwuagyitaudile
wqanssumﬂwa%aawmaanluuzjﬁnﬁ ﬁy’msiwmaanmaaauﬂivﬁ"mnﬂaﬂaaﬂmﬂuﬁﬁuﬁ
uaumumawumar;wnwaalmm%uiﬂﬂms‘ifu PV T laozunsu ma‘lumiaﬁmasm
aviBeavasunarduneuiinn1siUisuetasiuiununaiainda Iﬂaaammmmaq 7
(Antuannnisiasuutaswsnsmanusuluwifud sauanisidsuudasuasnsv
grmgiivomanafnluwifuidns [8-11] antuidillduwianasuu PV T lnesunsy
iegUSinassurgiiidsuulady wardianeinuduluvemarafnluwifud #
LLam'lugﬂﬁ 2.12
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600
- T 0
g00| It Pressure in cavity - 220
/-\ S "/
LY
T EAVE o
* —
Cl \ / Y% I  Temperature in cavity ©
s \ S 5
E a) \ \“ 140 1;:‘
g N S
£ * \ o w2
1“! \ ~“‘~k“ c©
- \\ ----- deed |
Cl— - L a8 iL 2
Time (s)

U7 2.12 anusuuaggaumgiiveswanafinluwiiium

nnguit 213 aew PV T laeunsy  wansaawanainmeldnausiusiaue
gamgiiessudrnuduildlunssuiuns@n anguikansnsilasundaseans PV T
Taovunsu vedlnduesvila Semi-crystalline wazlwdlasytin Amorphous
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————
muﬂﬁﬂﬁﬂﬂﬂm\l wswamﬂmmﬂniw Q_

1.06 H
Polystyrenc .
(amorphous) lbar"/ /]
1.02 R Y4 o
. 400 ber
/ /

v (ml3lg) 1.00 I:}creasmg pressure-

0.94 i i i
0 50 100 150 200 250

1.35 _
Polypropylene 1 bar
(semi-crystalline) %0 ber|
1.30 M Y . - - anq ; Y e e i mend
Increasing pressure /// /joo bar

1.25 b . e mmiba mtar e s @ et e mmamicmimaeesas 4

V@m3g) 120

i.10 i =i
. Tm™
] {increases witk pressurc)
1.05 : 1 :
0 50 100 150 200 250

T(¢O

U 2.13 PV T lnesunsyl uansiaawanadnyiia Amorphous wagyun
Semi-crystalline [33]

TumsvaituansavinglalnsedaanuduRusszndng aAnuau U3as wag
ammnmaawa'mmn'lw,maummmlumsaﬂ fuansldan PV T lﬂavunsmammamn 1
LLam‘lusﬂw 2.13 mnmmauwuﬁmnaﬂaammiﬂqumnisﬂummmmﬂ WpsunBY
ATZUIUANSAN VBIANAU uammwnumuam‘lusﬂw 212 wndenas PV T vaawanain
muam‘lugﬂw 2.14 mnmmauwuﬁuam”rmmmamimmﬂaawmamﬂlﬂ

131034 i
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Atmospheric — /' 2
pressure :

————— b f A

®
{
|

Specific : : :
volume , i Increasing
i pressure
(isobars)

- Volume - \_Ap/——;
shrinkage :

Room T Melt
temperature EMpErature e———>- temperature

gﬂﬁ 2.14 m3ld Py T leazunsy lumsviunenisueda [33]

mngﬂﬁ 2.4 a3uneLAardIdluNIZUIUNITANIINANUAURUITENINN A WA
Vs uazenmgiivemarafnluudazdianailunide ety

> ﬁ]m‘%'uﬁwaaﬂizmunﬁﬁﬂ

1-2. ananafnviaeuidglnsawuy -

2. Huaanszaunsan

2-3. Yhmsang

3. YAgigATeINITIndn

3.4, Snwrnusuiiebilvwanafnvasuiviadeundu (Switch-over)

4. nwseu

0-5. pruuanasiissininnsudshveseanniy

5. Mg (wanaRnvasuldanansadulusawuule)

5.6, ALNUANAITL S TUSUELAT

6. eudunieludunuifuanuduusseme @uiaiusnuriiuruaeedng
WUY)

6-7. ymsvidaifuduau

7. el unueanI NN Uy

7-8. Usegliifusamnugamaiives

8. Funugatig

Tagaunsaaguldin msvefvestiunuiananainazifindulutaanani 6 - 8 3
Funsuamalunisyinauviensvasaluusdfnd fudansannisunieeaaiainie
Rnaums 7 2.1 wazaunisi 2.2 Aameluil
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VW —
Volume Shrinkage (Sv) = W-w - 1— A (2.1)
w wy
LF
Shrinkage (8) =1—— - (2.2)
w

i Sv = psviedasnuUIuNag
S = mMavamAuLUIsTEElRg
vF = Banmsvesduany
w = USRS TIULRLW
LF = 9UnaRsenIveeiuay
LW = YUIAATINETIVOWIIRLN

MIVAGIYBIULEATINMINAGBUINASERTUNUAS S sUTiEuTURTes
Funudaturuavasinswuuiivanateiy Tngaaisamnisuadaldlumiag (inch/inch),
(mm/mm) viadueffudmsvast Tnssnasgnlunmaaeunsuadiuiisusiey
mu,am'lusﬂw 2.15 ’Lums‘wﬂaaum‘smm‘lummqmﬂwa% finsvaiuaziianAuAY

mnmaznﬂn'a”fluvmmama'mn'ﬁ‘lwa {271, [36]

Canity
(3 in. length x 12 inch wide x 148 in. deep)

o

1 EN e Iy

& dn-flow shrinkage -0 -
dimension .

b =

Fdge paie

gﬂﬁ 2.15 %ﬁmumnmmﬁgm ASTM D955-08 [33]

Chang (2001) [13] AnwngRnssunsuaduazamiinzailunssuiunisda
Tne Wlunamunangiu ASTM 0955-08 Tunisinw dauaasluguil 2.16 Tnanaiile
wudh arwsiudadh nawdediu waznatlunmsiadunndwmaliianisvedites du
gruniiuaifiun AuAudEa qmmqﬁwaaummsa’ma‘tﬁﬁﬂmwaé’amﬂ%u lun1smaaesil
wuhmavadalufenamsivasimvasnniiganndeulvnsnaaes



- 3=
,/’ i[ Il.‘_L_ LR \__ ,/::t\ \Y
J‘ e T ¥ 134 A
N/ X 711 N/
SH° AN BT
AP Along-the-flow direction
4 .o
A g
L\ ’
i 27 — —— —— 5
Al | i i z
\ T s vl ) _—
H I _] <
= H % Sample 128 o
i aad ¥ e U R ]
) Ny 1 3
] S b4
. . 9—
Thicknegss 318 — g

gﬂ"?i 2.16 laspansnagaunsvaes Chang (2003)
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nnadeUANIRsIgIUasnIaiasnsuadald TasUnAnisuadazifiuaa
Qs < Q‘l :; n‘/ b L3 as A @ P nl
wasINNsEUIUMSEAESIAUN 48 Falutuaninsindinsuam esnmsilaguulas

gamwanafnTiia Semi-crystalline asnsarldsuntadidndiannanfunussnainuiium
fansaianisasildfienadu dalus wieluiu laedusgiunisgaduaiuduves

FJuaw [1] é‘]’quam'lugﬂﬁ 2.17

™ - “i{pical dnying curve
o PET

Diing conaitions:
Alr terp: 121°C

- Dew point: « -29<C

. muisture love! (ur procewsing

| 1
i b

Doving tuee (houes?

o
|:~ S-- Maximum recommended

Moysre
coatent
(891

Egoilibrivm
- noiature “
comrient

€15 Doy pan (a5 melded)

s/ - Motsture
ceatent
as malded

P

T (hooss, dusy, wrweky) ————=

U 2.17 muduRuSTeIANuTUNINasslATIES 1 TUNLAR (7]

Tumsiasuulawauiudavawaiainvia Semi-crystalline aansanadala
ndlanvanatnuifiun lnen1sdntseslassadralniludiuvas amorphous

YURANUVUIYTUNLER [1] ﬁauam‘lugﬂﬁ 2.18

Uay
e o & = & & o & d¥ o
crystallization ‘VlLﬂﬂ‘Uu"\]’lﬂﬂ'li@6]‘1511ﬂ?'ll]?iﬂ?]ﬂﬂ‘dﬂﬂ']ﬂﬂ'lﬂ‘ﬂaﬂﬂ']'iUﬁﬂ‘lIUQ"lu‘Vl‘UUE]Qﬂ‘U



Characteristic

dimeasion

Change in dimeasions
duc to moisture abeorption
(hygroscopic nuaterials)
u Pan dimensional change \
B due 10 thermal contraction
B and morphological changes
- . Pant
- l-(; dimensions
— Time zro : part ejecion stabilize
: *Tpang > Tambicat
- « Moisture content -0 %
[ | | l | |
0

Time {minutes, hours, days) ——3

31171 2.18 MIsnAsItiismINAN LT UYasTunuRa [33]

2.3.2 N1SUARILUY Anisotropic uazn13Unsa
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nMsuARILUL Anisotropic tlunginssudiindulunssuiunsda lunis
Fnerunuean aduniely wagnrstaseiiissminanudunisluiunu lne
{]ﬁ]wuaﬁmin‘lﬁﬂsunsﬁlun'mLﬂﬂmnsw'sumsaﬂmzﬂﬂmnsuamastﬂumsmmm
‘VIﬁGﬂUﬂ'ﬁEJE)ﬂLLU‘UTIUG'mQﬂ uavmm‘ﬂaﬂiumsmmuavmsumalﬂ Tnedadeditinads
nesilivnavedunuia Aiteduseelut 1 mssemmndeuiiliviiuresdunu

fn 2. Mmanasauuuliuni 3. wgRnssumsvedvesiaglunisinaiiuuuy Anisotropic
aeuuaseaiflasnnanuiouiinsgyeiogusneBuaiu [1], [38-39] dwandluguii 2.19

i tial stirigkage
Gate Orientation effects Differgpyial spfgfcag

Ui 2.19 ngAnssumsvesa luiimnansivasazfinnasennnsiva (33]

a’ a o 3 o ['4
2.3.3 pIsvAallagREIsUANLd WS IvalnaLued

TumsuFuugsquant@nienavesian laenilyudrasyimsidulvives

wefigrslunsaanmesilunszuiunisanveddwdwessiin Amorphous %38 Semi-
crystalline IﬂaﬁlwLuas'%lﬂLmsnag‘luiﬂsqaéﬁwaﬂwﬁL:J'e)% Fauwustumavasalu
firvnanisiva (n-flow) fumsvadaluitemiedeatnnislua (Cross-flow) dieguit 2.20
maiuliverdwalinadlufiennisivaasaniesnitmsvadlufianiai
anmsiva [33)
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20 [ Glass fiber reinforced acetal disc

{semi-crystallinc polymer)

~~ Cross-flow shrinkage

Mold
shrinkage 10
(%)

Relative measure
of warmp
or intemal stress

!IIII

II]III.

¢S In-flow - -
shrinkage
0~|[jJJ‘iJlJ_LI!l;:1
¢ 10 20 6 40

Glass fiter content (%)

4 [ [ < € o . - d a
5U# 2.20 ArmLAngYBIMviasvadndwesyin semi-crystalline Mudnlviuas
[33]

2.3.4 nrsuszendld (1]
msuaraTuegiuladesieg fsil

1 viinvesian (wanafin) Jaafunndrslindugonlvidnisveisfinaznime
fsnafy Baudinesiidnvasmaniivagmamenvilouiuianu Fdmansenuiuains
G

2. 7US e vesHTY 15U ATTEIVILN JUNTIUESNLAD ASULERLTY uAzBu"

3.A1388NWUULURLN s},’aanu;U'uﬁaﬁéuﬁamé’wm‘amaanﬁ’lﬁ SEYUUNS
vidafu szuuglwasmatn LasNINITALTaIAINTaulUWIRUN

4 an1ziisul s aiNyN FIURINITINAWAUITUIY qmwgﬁﬁméméu
ANMUTUYBINATEAN 12a7lUN5aA LazeUALALT

santzlunisda Wy anudaluntsda aaiudu vian gungll uaz
UsLavB NMNTa1A383a0

2.3.4.1 dauUslunisnasa

wanafnvasuwalgndalulwsswuuauin TreaeAseq uAauild ou
asTiuasBuaudluiian varfimandadudutu warafnasdudadunlbuuasyiinasee
anaswIBuiugamail

@ o a < [ @ = X . v
mendsiinanafngniaiilululwsiwuy mudurziiadiuegwsinsmion
fumssamaeruuluns Uy TuforanIznUNaNTBINTITUAN UnAnUauIzAINau
M (Gate) ushvtemadada ndinainduaramataRnaziiufuazveda Ay

<@g
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a a ta € [ Y <t d e 14 & e
gaumgiivasivar gamgiiuifiud arusiulunisia taznatiiild Gate)  udeis Wy
adeddrynefunavadiuazruingryinevastuay [8-11]

2.3.4.2 msdaatudiu

Junuiignuaneenlasiituruddlifgumyiivaniuenu Eection
temperature) wdaua’tﬁ“ﬁuumuflmmu,%au,sqlu'Lﬁsawaasv‘iﬂﬁaﬁﬂnmﬁagﬂuazl,ﬁawmlo’f
uinmsUarusnilidiudossefagrumgiivewsdadidnitgumgivaniuny tedu
nsaanaIlunan

sthalsfimumnduhiumssSnaivnnliteunisuanduanu
pan uazanduasiwamgiivewswdeiusazaumgiivies liiewsazdiliasiunsia
wued SoilfiRamuduandluiuaudadsdahlitunudems Wy nssiwd
uan ianslingateduny w‘%mﬁﬂmmﬁuﬁquﬁumu

2.3.4.3 tia1lun1sviana

Fandauunnndn 90%  weensvaiiaglitiavatetilug uagdn

10% azianisvasanieluar 10 Ju vierdaldnaivaisiau {HBRINNIATUALTY
%aa“z?umunwwé’amsﬂaﬂ%umuﬁ%uagjﬁ'u‘vmﬂmmwuwaq%mmﬁﬂ

2.3.4.4 N1589UAIVITUIIY

1 o

A1sgeLAvoWuuiiguvgliginitguugivesasvinliasuas
AaeAunduRnARluguuliE Ry

2.3.4.5 AMURUIYDITUNU

rrvyasiinanssnuiunsua laswnmzdlelinis Ly Jasiisian
) £ %3 cl:': 0 <, s 5 d @ o v o & [v3 <t
msihaTSeuiiFn Wy PP, PE Wufiu sumsudsmasyivuniiuruiuteinunsgands
anuSounnnsly ﬂaaﬂ%'aﬁ%umugnﬂaﬂaaniﬂammmmu%msq

Funuiidusmauileduiadueinianieusn vauein1elusauniiga
Wulselpaddmsumsananuauluduay

FunuiitinlavuraznadnanitBunuiifiniauns deyadilvg]
Yaansuasv lvnsuAnsuamlag ussanandugas '

a'lmqmaammumnei'\waan“lwﬂé'hﬁtﬁﬂ%vu wWu Aramuiinniylues
ndesfiiprumniveuriedmsunu Wnueutasiiunussiduiauiiegnuansen
venuniifeiiliAsuiuluiunu Suduauvguesnsvadivedunu
mmﬁi‘]mmﬁamsaanuuulﬁ%umuﬁmmwmwhﬁ'uﬁaaﬂﬁu’a‘z‘;umu R
AswWasuuasmisesnuuuaziiunds msaanamavdeidu anjwiinduay uwardn
YARAUUNTIHER
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:: a‘d -~ o ° L é ° VvV a
usnniBuriiisivundniliifiaauAugs Iushliiiansve
FILATNTSYUARNN

2.3.4.6 HEANTINUTBININAAD

Unﬁé’uﬁﬂuu'ﬁun'ﬂshiwswﬁwanszwuvaqn'l'ﬂﬁanﬁ'lmwm‘ﬁ

goanuuuisrpsimunlidauuarasuauvingudadianataiin iwsin1swasuulaae

AanITNUNUWININ
2.3.4.7 sansenudinJawinam

Tumseenuuuwinuveimuiuiugantunuitsssdely
wsdlumsvastunmanamszusiltlunis Uawifuifeussiannsasusduszansuss
a ‘ a v o Y ta o«
deanusewihanafnuazvianld wazn1seenuuunPaIsnszsussuluifiuiuuy

atauewazalumsvdsiduiivinrairannsaunuaminuduale dgun 2.21

JUT 2.21 MIBaNUUUISTUUYanTuay

2.3.4.8 n15UTTINUANITUARN

A13191 2.1 SRTINTNAMITBINANARNTUAE19(20]

viladan AT ININAAL 293INTVARL
mm/mm ({2/i) (%)
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 2035




A </ o« o < ] .
A3 2.1 ATINTTRARITINAIRATUAR)(M1D)

wiladan dasnnmai IATINTTMAM
mm/mm ({/i) (%)
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 1.0-25
type 6 0.007-0.015 0.7-1.5
Nylon
type 6-10 0.010-0.025 1.0-2.5
type 11 0.010-0.025 1.0-25
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 0.3-04
Poly 4-methyl-pantene 1 0.015-0.004 1.5-3.0
Polybutylene 0.020 (moulded) 2.0
- 0.040 (aged) 4.0
Polycarbonate 0.005-0.007 0.5-0.7
Polychlorotrifluoréthylene 0.010-0.020

1.0-20
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wiladan daTImmAda AATINITHAR?
mm/mm ({/ii) (%)

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
Potypropylene 0.010-0.030 1.0-3.0
Polysulphone 0.008 0.8
Polytetrafluorethylene 0.050-0.100 5.0-10.0
Polyurthane elastomer 0.010 1.0
Polyvinyl chloride

unplasticized 0.002-0.004 0.2-04

right 0.002-0.004 0.2-04

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 <.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 HansENUBUY
23.49.1 31]5'1&%45144’114
dwsuiunuiidesnivauiissnisuadansetunuiiinauazdongs
fﬁnﬁuﬁaaﬁﬁ]ﬁmﬂuﬁaagﬂi"lwaa%ua1uL‘TJuﬁmw Wi g iwszluaiwsnisiinuenany
Wusezdemadeiuunuannsaunnvewnld
avtufpenuuuiniudeddaptantunu uaznisdmusliiniaiidedy

mMsanmLiLTiTfiedy waranusslumsinuiramile
m'uﬂﬁ”waa%umummzv‘h‘lﬁgﬂﬁﬁlﬁjﬁawa‘(ﬁ) wadALEIAYNINAUANT
Uantunuuarannsnng
wannsiuRuRRId MU uRTiauvIenirann Wusnisuiledi
FIEANMINAR 1YY msﬁnﬂugnﬂ?{u nsviudutu wazdug
2.3.49.2 nad (Gate)

Waniila (Gate freeze-off) azhlvbiannsndailenatafniinlulws
wuuly fady mmﬁ’lﬂumsﬁﬂéﬁqﬁaaﬁuﬁ’uéﬁ’umsLﬁa?]mlaawm:z'h\tﬂumiﬁﬂman'ﬁm
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o -y d a o da XY o 1Y)
ﬁ']‘um‘ﬂm'\umamﬂﬂqilé'uaq Gate “uﬂu’lﬂﬁﬂﬂﬁﬂﬁlﬁq UARASIHEINBAUNTITALYENIT
i)

Gate Tilimunalvg vilvnnsudeiad dwlngléuilgvinisvedilad
wzannIaduraiiugsnsandlannniy sSwauves Gate fransenutunsviada
Fesufudasfinsanludesunures Gate vl unudniildiESuaniannu
suluSunutios fasdwalnenswiotunu [8-11]

UL Gate fillansznuAuNIVNAg] Gate MinAlsEUSLIAEURY
P & o P a
@uanmwawumumaauaamslwauazmaLfJumiaﬂmmmﬂumﬂwa WIIEATUAGIRL
WulunuaueTIMs tra

2.3.4.9.3 AMshasLEu

*uumuq"ilmmumnmwmat;unummumm (Core) uagdily (Cav:ty) M
asmmimammmsauaanmnuuwuw“tmmnu:a"m‘lwmmmmmumma‘lwumu wiLnn
AINAMLAZASUA Awduiunuitinnuen anunde waslinsudndsdesiarsanidy

ey [40]
2.3.4.9.4 msdaceuiduana

Wananannlasuaiusou ’i]’\ﬂﬂ‘iu‘UBﬂaﬁLLauLLSGLﬁﬂﬂﬂﬂu%’lﬂﬂ’]‘i'ﬂuﬂﬂ’ﬂ\‘i
ang wanafnvsvasuazaLay mlﬁizuLaﬂa‘vmmﬂuaahmaauﬁlmemaasu

wanadnivanignasdinlululns swuuwifiudt Tdluanauiindndinvedne
wuuarlvasazgnAdifrsheussiiinananusadeu uavasdowiluiirmensiva dau
I%Tutaﬂawmaﬂnusnmmsanmﬂﬂwamﬁwaa1nmwm‘maauuaa vhiwleluanaliifing
Seshfunuuuada midewhvssnelgluanananadin (Molecular orientation) Tuuus
fn wannvisetfestusgiuainiidn SmuddannduulduanaiiGeialusnida
szndlesnenududeuiinssvivielianall]

SrUsaRmeuLariaududey WewinasiSewivedly
Imanawnﬂm‘luumwmwmﬂwau,a“‘usnmmsaﬂmw mﬂmmLﬁmﬁauﬁaaﬁaﬂ‘lwm““‘
wanaAnwanlulnsawuugnvideidu wazidiensinen ﬂ’]iL’iENGl’J‘UENa’]EJI‘UTMLaﬂaLﬁJﬂa’IEJ
61 (Relaxation) Iﬁ'ImanannmﬁummnawusnmL“anuwuquuwuwmiuimmmmmaiﬁ
luana (Residual orientation) Snatiasannisudadafigaann muuiﬂmaﬂaamnaﬂu
mstaunanioY mmqmmmwmmamﬂa MlviEauAuanANg Uinfiaghinmin
s ifuiiinsaemanudeuiith nsSuvhvesnaldluanannaisles [4]
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AuANUAYaIIEn wazvgefnisdanatdan

3.1 yliayasnataan

ImgRudmivmudananadnlaevhludeuudseantu 3 Ussinndreiufe njuwmes
Lmanain ngumesluen waznguimalaues visssduaneigdisuandaiunneiaiu

]

3.1.1 waslawatadn (Thermoplastic)
wesluwanain fe waradnfanunsaihnduinldlmilddnrdsamirluves
edadue esmnnussdawilyvedianafidnuaelions wu PA (Polyamide, Nylon),

PE (Polyethylene), PP (Polypropytene), PS '(Polystyrene), PVC (Polyvinyl chloride),
PMMA Polymethyl methacrylate), PC (Polycarbonate) Wusu ﬁ'\w,aﬂﬂugﬂﬁ 3.1

sUT 3.1 dhenwidulewanadauuu Thermoplastics

3.1.2 wailuwa (Thermoset)
(sl ﬁawmaanﬁﬁgﬂiwamasLﬁamunﬁuﬁ%mwﬁmiﬂa'l%’m'm%'au
(Heat) uazu338n (Compression) w3astunssudsmsudnuszinnnaswanadn (Casting)
wivaedlfifuianinufnsenaiiiviliiinlaseaaiidusiaun (Molecule  Cross-
linking) Zeazliianusavasuazareiinduunldlwailél wu PF (Phenol formaldehyde), UF
(Urea formaldehyde), MF (Melamine formaldehyde), UP (Unsaturated Polyester
resin), PU (Polyurethane) tdufu ﬁ'mamlu’gﬂﬁ 32



sU# 3.2 Shwasidulewanainuuy Thermosetting

3.1.3 davdlawas (Elastomer)
daralawesnarainuse srvdnasizd Ao naraanidiouiluvasuvar
uddeslidusuudefenssuditrenluwdu (Vulcanization) azviiliAnlaswadauy
'$79um (Molecule Cross-linking) aeldavdwavasmudouditiviu sxvinlvldanunsath
navi el lean Aeg1aTy 819 SBR 819 NBR 819 CR wazEngage% versify [umu

3.2 QUANTANIINIEANYBINAIERAN
3.2.1 wanaanduasizd (Synthetic materials)
waradnduassdinysdasiaduinilassadiduanasuialaguin
(Macromolecule) Usgnausgsiadidnde arsueu lolasiau sandwu Aas3u tlusu
Tndwesfumsusynauiithiminlinanaguinsulusssed wieduangvitunindues
Tussuwnd (Natural polymers) fiduiaede I fhe @ilosssued o1 wils vudnd usy
Indueiduasiznt (Synthetic polymers) (1 wanaiin
3.2.2 lassainvaddwdueduaznisdagusnluanavadnimes
lassasnreslwimeivsednuurdwnuasnsinguiwluanaveddniues
fvanouuuiuegiulssanesndwesnssuisduase Ssmiuunndnsedassaiaiing
enmandRianzi WuAuuwY mmmidel anusty mnvfieantuy annuuda Ay
Ta uduy
3.2.3 laseassvaslnawies
3.2.3.1 Indweasuvuidusninasn (Linear shape) ahssnezinihmin
Tuwanagedy fmmidausigediu vumnudouldity duandugud 3.3

!S \
|

= a PR v
U7 3.3 Tndwesuuudueinasn

"

~—
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3232 Indurefuvuuyulagseu (Branched shape) lasas1auuvii vh

Tiluanaagvineiy Fnililiarumvunwinies fwanduzud 3.4

{ -~
./ . _/"/1 -
o e
- . (.,-__F p 4 . ‘&— =
~ \

3U# 3.4 Indwesuvuwenurulagsoy

3.2.3.3 InAwefuuui@euleew3asiaun (Cross - linked or work
shape) laswadrauuvihlvlnawe Saavuutiuge uariimnauudausegs fuandugui
35
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33 quam}‘ﬁﬂm crystalline wag Amorphous thermoplastic

ﬂmammaqwmamn faaunsadnuuneenlamuansuglazaic fo Crystalline
wag Amorphous (non-crystalline)

3.3.1 Crystalline

Thermoplastic mwuﬂuaﬂumuwaﬂmrﬂ“maa'lwammmammnnamau

'-‘bammmvm'lwaaua~maIﬂaIuLaﬂawaqwmamnmummnuaa‘lusﬂ*uamaﬂ Falud
Senhmainizimiuuuulanaiendn msSedhiurewdn snduidesiundwuiios
vililuanausnesnainiu viendsewivihliluanasiudaiy segrudundsauay
Seuitmlluanaveswanainuendasenainiu Tnevznunsiiandnveswanainyiln
Thermoplastic Iuamasl,ﬂ?{auuﬂaqamuzﬁaquwqﬁuazmw%'auuch ANYULIANIZUDY
Tasesnwdn Thermoplastics  asildnvuzfivmuamaniinunenwlidudedeatu
non-homogeneous (anisotropic) ﬁ'\mﬁﬂﬁugﬂﬁ 3.6
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Cool |.

o

g'dﬁ 3.6 Indweaduuu Crystalline thermoplastic

. Fnvamarnizveslinanaiiunsaszasluglresluasaiiunsaszanglugy
woudnluanundueiudiezegluguassadin 100% Wulubiléddned (xo Aedasdiu
Y0INITFUNTEIEIUT non-crystallized satfulasasnandn Thermoplastic nat3antudn
Fonililéin semi-crystalline thermoplastic fetulusgwinenszusumsiilianaaiad
{Wundnlasenniie A1o81we aystalline  thermoplastic Usznaudevanaineiail PE
(Xc=80%), PP(XC=50%)

3.3.2 Amorphous thermoplastics
Amorphous thermoplastic illassaisluanauuugduidedsuvussiey
mﬂ'«amaﬂq fifasan Amorphous thermoplastlcs amwnnmﬂaauamudmmﬂu Tu
nsumumswaaummmmmuuamwnumﬂawuam sarvassmminidnunsla as
mmqmamummqmammﬂumama’mu Homogeneous muam‘[ugﬂw 3.7
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Heat

Cool |}

g‘dﬁ 3.7 Wwdwesuuy Amorphous thermoplastics

: Iﬂawmaaﬂflbﬂﬂﬁﬁ'ﬂagﬂlu‘dﬁﬂ Amorphous  thermoplastics 19 Potystyrene
(PS), Acrylics, Polycarbonates (PC), Polyvinyl Chloride (PVC) Wudu

3.4 AuduRuS U8 ANANTRNINNISATWYBINSAANANERN
3.4.1 quanlAnmMenTnAUAIEaY
qmamﬁmamamwmm%aummsauﬂmanléﬁfluﬁaf?
3.4.1.1 auauiidaUings
VAT V, ey p wasanuduiusszwing PVT (Pressure
Volume Temperature)
3.4.1.2 anauiRves Calorimetric
mdausame ¢, marwiouk, anufeulunivasyazatouasaIn

Sauivhlmaanisimesaiulusdn

3413 qquiﬂumsmﬁﬂuuﬂaaamw

Glass transition temperaturer,, melting point 7,
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3.4.2 quautadatinas
3.4.2.1 YInasduwisuazanumunty

USmssunrziinalagnsafuanumuiuiuraimatadnditiants
wasuwmaITiasuuUasanus Thermoplastic annsaldaufeulumsildivasuivan
Wanuamanranntesdaiurenvatluvardanaain wisiiiduiasdigamaiion
dlataSedunsvununsiaswdsuniasantuzanveavaniureudaiesdums waz
AruivIsAsuamunsiudsuaaiuzann (@nuzveads visdauzveamad)
ThopummARnawEsuarmugumglivesenusuiitEounady

drudrfiey Thermoplastic  flanuzweavaingldlassadidluiana
uuuselenhldviumsiunzdiannn dnuiohlianuvunuiuiidniesas wieludn
nsivils Thermoplastic fianuzvasudanialilasaialianawvusailonhilfuiung
Sumeiidndiaey Sedwaliaruvuwiuiidunaiy wilduasnsdiinanudumena
YBINMINAGIVDINEARN LUN I THER %”qmmmﬁmﬁumﬂﬂ%mmﬁwm'muasm'lwmu,ﬂuﬁ
Wasuuassinvan U reiuaraa Uz Ys VA

ﬁl‘\ﬂ;ﬁﬂﬁ 38 lauana crystalline thermoplastic ﬁmmwu'ul,‘duq\i
ypawanafnviiaPolyethylene (HOPE) lnediu3unasdnimng wazauvuntuiivandilng
fluguugiivasualves Amorphous thermoplastic 1u PS TuBndnvuegniasiinns
WasuuUasSiassumizesnstig uiannnisiuIeuiiieu Crystalline thermoplastic 2%
nadsuanessingssumaiidonilasadiuadndwsdeddgumgiigann
MnanzveudeiiagilivasuazaelagluanavemataiinAinamuiuniuannnii
Amorphous é’auam‘lugﬂﬁ 3.8 :

Amorphous
Semi-crystalline

Specific Volume

Temperature
3U# 3.8 mudiudseningumgiivedinasiuwe (1]
3.4.2.2 anufauluntsvasuazanguayaluiauvaenisiin Crystallization

anufaulunnsvasuasatefe wauaNuSauRifissnIRentlavilgINg
gosata@nfivnlv Crystalline nanetuveamial Heat of crystallization AswasuaIy .
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v dd ¥ a .

JounuTuramatafinszninnssuauns Crystallization w89 crystalline w3a Semi-
aystalline FmdsuaNuiauridaaansed Heat of aystallization annsaialannisns
Differential Scanning Calorimeter (DSC)

Enthaipy
.
CreL Qi

amirptiuw

Tenmperatuse

Uit 3.9 erudiiusveseamgliduwdanuanuiou

Crystalline thermoplastic ﬁ’mﬁﬁuuﬁuﬁamamaqu%alugﬂ‘uaﬂﬂsaa%"m
Tuana Tnendanumnufeuiiasviliifansidsuulasanuslfusdoufiuwdsnuany
Soulviurluananauilianaszinmz fulassntnedugamaiivasimal wasndsuaay
FournimIviasuvad freg1udundtuausoursIn IvaguinaIvat HOPE Ao 267.8
J/g (63.24 cal/g), LDPE wifiv 131.2 J/g (31.36 cal/g)

3.5 wgAnssunslviavaswalann [5]

mMIepnuUULIRIY @ anaaRNg s RasaNds ngfnssumsilAsutlaweduana
lunisdanatafin nsvasandvresasldluanaiiiaiunudadudas (Relaxation
characteristics) mﬂwumummmmm‘lwﬂwwmslv:auavmmnm'ﬂwa fidwanents
vadhuestusudalsiniviy

3.5.1 waAnTsunIsuAAINaUYasdaisldluana

wgAnssunisvasinduvesaslsluana Mgumniivasuvan gaumgll

meluwifuifinsunlavSegumpiivasumraidsuulasdwadniossengingsy
nsuadInauvasseldlana uwinswisuwasiudsasoseunsuAniunuia duang
Tuguii 3.10

TSI, TSN
] . 6;39“?\ ’*’%:\ '

Total Pe Ci
thicknoss - \-‘7? - (i?,) \‘&

| / S
7 %,’///esrf///////// A ////

(a} &)

d o - -
U7 3.10 woRnssumsluawuuglanaiafin () uazwgRnssunislvauuy
taleu (b) [6] =
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TrengAnssumavadindurssmsldbuanaiussfisnnanududeulunsiauay
nnameaaslglanandinszuiumsan mawdouulassasdntulinarenginssy
mvanduresmeldluanatunatlunisia nisdafiigniusrdamalineldluanatn
aanuazmsﬁﬂﬁﬂ'nuﬁdqqeiwa‘lﬁqmwgﬁﬂaawmaﬁnnaauﬁuﬁaﬁaz] Fedwalrianely
TuanaaunsavafnduAuannedudilivdnszriunsia fuanduguil 3.11

Ut 3.11 uzmawqﬁnssmmsméﬁné’waamanzﬁuLaQaﬁqmwgﬁwaauﬁmuﬁa
M waslnsawuy Iﬂaﬁwqﬁnﬁumﬂwaumrgi@wmﬁﬁz‘a“fms‘lwaﬁé’uﬁuﬁ'ﬁumstﬁuﬁq
wearuifiant lngArnrududoulusuznaradnvasuiunsuiwivasniiasduans
mafavdamadiniduia Gate freeze off) Turazdiimsingdwaliiansvadh
yaswana@n (Volume shrinkage) fiduwusAuanfiniadudusi '

Moleculur anentation us molded Teasicn apring anaiogy

Mokxulzr relaxation and change
in part shape after anncaling

Ui 3.11 myFnssunTvesndureansldluanandsannvaduiud (7]
3.5.2 n1sanasvasauAunglulwsiLuy
an1sanin1sanlae s lWluiduuiiannsagwgAnssunisivaes

wanasnuasulunssnumsia Ramus uMIEufeg s fnduifu (Sold layer)
ARnenmadusifinluifuidenatainuasy Fuandugui 3.12  Juwgiinssums
i adhimimalnssuueasiilinatainvasylvatdsnduins oy lunisudeinfuey
Sriudfunatemamdeutesnstiosiumiuieurigyidelunszuiunisivaveswatadn
vanuTardsaronududeuiusnsudousuiduiusfussuinsiuiiBudtunanadn
Vo Imadwa'lﬁl.ﬁﬂmmﬁmﬁauﬁ’uﬁmwLaauﬁqﬂﬁ



.

-

36

“Relatively” cold mold waill

LG LML

K | , ~ - Shear Q\ :
) ——e%  heating vy \
— 1
/ . . e 1 "
! . Solid layer ¢skin:  ; — H
F Runner and gate bath sides « — “ e ,".
l.‘ —~ ,___.“. 1 .. . $
p TN Y : — l
] / \\\_ ) e 5 Pow fom
A < T 7 (fountgin Mo g

SSSANNSR NN

Leminer velecity profile

d. ar L) d. o 1 £ :‘ -~ < L4
U 3.12 mauiedunasifinduaiiud Ananngumalindsnsawudy [7]

3.6 HugunsTUIUNSIANanaRn
3.6.1 sULuuNaBatugiu ,
msdewanadnifumsivanarafiniualsaureenainiain Wguaifiud Ailvaritug
A9 wazmadh aunseidvarnlululnsauuy (Cavity) - Fauduviadidmuaguinmes
Funudn Fauandluguil 3.13

Ielf Ryronf

Rlow befween Flates
Tube Flow

3U# 3.13 guuvumsivaivugnilunssviunisiananadin [1]

3.6.2 fugunisdanaiaan
nszvuNsdanaaRnaunnesuelaRel wanaRnavgnuasuvalagniglaang
demduasindnlunmeluwifion Meanuduamidasmanusuiildlunisndandngsi
finnusefivihly wanadnmaindeudiduluusifniundsnnudufinnsanainiia
WaRIN %Lﬁﬂﬂ's’mé’\'uqa%uqqqﬂﬁﬁﬂumﬁaé’ﬁnén'«aﬂﬂszasma‘uaqgmui’ma'\aanmm
Gate ufiwansgauaanifiu Teraudusiidananiosy Wewinaudsaniuves
nslva warArnudueziosiigarasmisiva dwandugud 3.14
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&N

The dense melt front equipotential

lines represent an area having a
large resistive force

The sparse melt front equipotential
lines represent an area having a

small resistive force

JUT 3.14 dnvauziafeuiivemmatadinival Melt front snuwifuidivuiuansnany (1)

3.7 sduvunsiua
3.7.1 ms‘lwa‘(uusiuﬂiznugi

Taeinstvaittunilaedeuridndwegiuil veslnariedilwundoudiasdl
dnsuSagean duregszwinduiindeuiinungailay rfipnuisianaauissuiivgai
mudwy fuanduguin 3.5 3‘1Juuué’numzﬁtﬁﬂ%uﬁwﬁanszuanﬁﬂﬁ’uiaaangmﬁm
VLU manFureNaRnvAT8aNNNIZUDN auﬁuiﬁ;’uﬁm?{auﬁﬁmmﬁdqae;m

Meving piate

Laminar ot flow
with successively
velocities

nigner

Statdonary  plate

guﬁ 3.15 nMsivatuuusiuusznug (1]

3.7.2 m3lvaifinananuuandrsvaussiunigluvie
lngiagarlvannanuduiganitluamuduiivini: indwvieasiindns
Weugsgauazauiwnga daisuiunisivaiviuagudnanweniedinu$igeae

onsudousgn Aauandlugui 3.16
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3U# 3.16 jUuuunisivafitinanuuansavarusunglugamanisivanuniviinga
d o
aviagy (1]

3.8 auuAnslvavasinawasiunisluanuuidau
autinslnavesindweslunisivauvud@ovwiadu 2 Yssavvdnléun vasluad

auvfduuvuiimnadiou (Newtonian) uaswaslwariaud@duuuuueuiimeiiiou (Non-

Newtonian)

3.8.1 veslvafitaudfiduwuudmeiiou (Newtonian) wneteveslvadisiiniswdsuwla

Shsrdiusswinmundudousedasndoviidngi 7=—= Taei 5 AeArumidamie

w

(Pa-s) T, AnAruAudauwiiag (Pa) uay ), Resnsiidouviay (s7) vaslvauszinniisu
11 919 Lewetuea Way 1Ly Wudaszainnisulasuulassnsdey vinliausuil
dnwagaadi ﬁ'quam'lugﬂﬁ 3.17

382 vadlvamiautiduuutusuiimaiiioy (Non-Newtonian) dnvuzvesiva
LUVURLTAVBILEUIIIaBaN WY ﬁauam‘luguﬁ 3.17

A
Binghaxz
Dilarant
/ INewTonian
e /
\—_‘/5 P /"/_
= Pseudoplastics
AL
&L
-
L
Shear rate

o v w € ' v < v @ < '
JUN 3.17 anudimusssninanuauideunudnsudauvesvadlvauuungg [1]
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T 2 1 - [y 4:1 <4 L g -
Udszanauaaavdsuinnung mu.am'lugﬂw 3211ﬂammum'flu‘lﬂmmﬁ'nu€m5

AUANATIN 3.5

n=1] - (3.5)
7] .=Bexp(™ /T) : (3.6)

e n Ju Power-taw index Viag‘lu‘lf‘n Ouaz 1;
Tb LAAINNIADUAUD BB IaN
T Wuguugivasuvarmiolu whaiu (K)
nat‘ﬂu Zero shear viscosity

B 1{u Consistency index

HDPE MARLEX HXM 50100_3 Chevron Philips MFI(190 ,21.6)=10 gf10min

106 .:__: [ TN [ 1511: R ER T i .“!'"1 Lot (R TRITT R A T iy |nm§: T [OC] °
] b““\%‘ i T A232
= i "

[ E‘uuh ! -5-250
71— . . 5-268
U = i R !

a = 1 I
2 3 i
£ - i
£ 3 !
M Egie. VI3
Z ;
P e
S 3 i i :
BT R9 ;
3 i ! !
.\ | !
102 -.3.......1 _.ﬂ......,f _1 6 >~ X 1 o . 3 ;...,J 5“ .
10 10° 10 10 10 100 10 10 10 10

Shear Rate [1/sec]

d ar v < 1 E.v3 - -1 ’
gihn 3.20 AMUAUNUTIZTVNIDAIILRDULAZANUNURA Power law model [1]



3.9.5 wuud1aal Cross Model 3

Cross Model 3 tﬁuuuumaammm'i\Jiszwm Cross Model 2 Tﬂﬂamunm
97¢e Exponential fisaufiu Willam-Landel- -Ferry (WLF) wiaiSunuuusaesiii Cross-
WLF model ulunnmaunisii 3.10

(3.10)
n= 7]°° =
1i| To?.
=
o AT (3.11)
n, D,exp( ™ +(T—T<)J
T.=D,+Df (3.12)
A= As*DP (3.13)

«

Cross-WLF  model tJunsuiuyys aruuilaludrgumgiian ludasdinia T,

A4

+100°claedi A, , A, uag D, Wuiusasi ?'flﬁmnauﬁmaﬁaq T Avgquugilveaey T, AB

gampiiinedilugiuvvauifvesianlugyuvumumiiagila Cross-WLF model

3.10 ATMEURUSIEMIN Aumilla dauvgll uazdnsdau
muddgreuuitasmumiaiannsadainanginsmuvadndues
vassmalnsowigaudmusvew U e viadasdinuauRsd
¥1I Aumila/gumail |
1. rrumiiaesanauiiogumgiidisdu
2. Snsndevanasiugamaiiiiuiy
3. SammswAsuuashimsgaiulusswin annuvile/gamgs
eI Auvile/dnsdau
a. eramileanasfuniaiistuvessnsdou

3.11 nsUszanaAUandvastayanIumile
NSEBNKUUIIABIDARAN TN UNUNAA NI VEINTTILATIZRAT IR LNTIZTIIVBY
samgiinasdnsudeududeyaiiosiu lumsinmumialunsasesiserdhinsounqu
F29n1381a89MvLA T,mjmwwmﬁqaawuﬁmsqmaﬂs Ul Solidification masA
YuunIELaa (Filling Phase) waznse uuMsangn (Packing Phase) wisananamlain

Sududesdifeyaniumilafiguugitasuiei esanliaunsatadiarmumialéd
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gamaiia mavsznasiuenteansszinasuentsiududsuduiililung
o € [ Y ) ol
ApTzrimsiva fAwandugun 3.23

!4—-— Actual cryswalline “viscosity”

Viscosity

M Crystalli
. l‘%s-ﬂo:/‘c Meclt Temperature

e 4 - S e, &
3Un 3.23 miﬂszmzummmwumummmqmwgmm

MngUdunainsussinuALBNTIRZRANIA AL RS YaIA Uil
fmmsussinaiwendisresgiuuuarumiam U lanunsavinuneainumiien

grung
Aalan1siesgineeanu5a 19 N1 UsTEUTNAIUB AT I UIBAUAY LB

gruiia
ATBUAGUNEANTIUVSVUA
Joaguves No-Flow Temperature Asiduismsivuamaiuvianielaons

Weukazgamgiinianlyitanzyinisitasinisiva dwandduzua 3.24

log n :

|
1\
¥

nfini .

gion i

;\ 2
l -
! v
{ 1

log T
Top) &
No-flow Temperature

P 1% o e v a
3U# 3.24 Teyavesrnumiinduidugdnisiva
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3.12 {afianatnvain1sussnauAuandwaamiia

(Hoflazdandn Fludity asdedlideyasiiag tiunsnszanedivesmnmia
AgeRMIIMYY MIlsznudravidafoamgdien mswEsuwlamnaseulutie glass
Framsuiisiivewdfud lnsdunaldinsinguuglivadildeininnlagianiziag
Semi-Crystalline Amsdsuwarmmiisedsnduasdululdoniinslvassiai
vawe fuandlugui 3.25

Viscosity

Moid Crystalline Melt

No-flow Temperature

U7l 3.25 Anudufussevinaumiiaiugamaiives Semi-Crystalline kaz Amorphous

nsdsuuUatanumiingas Semi-Crystalline 9ztfinduiunnindan
Amorphous laazunsuuanrmsTndwasmnmiinme W %a%’aga%gnuwué’wﬁaﬁtﬁ"u
vaepdinAranslagnisdimuaaluduiussenitanuniadugungil szRasan
aasavesianduluntsndendeyaiiald agalsimuadduetadsavuain
winsuTsevasiandislinsussunaruent

3.13 gauniiwasuudasanius
3.13.1 gaundl Glass transition 7,

Aogumgiifinlilassaireluianaves Thermoplastic Suiinisindousii
Tigaumgiidinitgaundl Glass  transition  azvhililassailuanaudei laewgingsy
Fananvinlilassailuanaudausz Glassy state sgnslsiinutnlvigumgiiudluanag
ni1gamgil Glass transition vililassaiwwedanaiadeuiiodadass uaswgAnTsuves
wanaRnannIn visuazaveousa Rubbery stag

guunil Glass  transition u‘fjuqzu'viqﬁlunﬁnJé'auuanammﬁﬂfguLi’ja
Thermoplastic Wibuulas@anw Glassy state %38 Rubbery state %‘dqquﬁﬁdﬂéﬂ%
TndiAssiuguugifildlunisesnuuy frdeanslinwanainuishamugiiviesnuuuezfos
floenIngumail Glass transition wrtdasnsinarainseualdguvgliieanuuuasdes
geningaunnil Glass transition LA
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3.13.2 punfiivasuad
gampivasuvaiRend ey ilinaeRnubouumtasaamuzann
aonuzvasuiaiuveamaisuis Crystalline  thermoplastic  nszurumsitldlums
viasuwia1e Thermoplastic  gampiinglndiuganasivas Fgamgiivasunaiuay
gamgdl Glass transition awnsnialalaslddd DSC anmsdaunadmiy Thermoplastic
vaneq viaanuduiudsswingamgiivasuvaluazgaumgil Glass transition #1130
Feuladu '

T,/ T =15 non — symmetric thermoplastic (3.14)
T,/ T, =20 symmetric thermoptlastic (3.15)

Tugu#i 3.26 wamstemuduiusvandinaugamgll Glass transition 89
NANERNNSZUIUNSVABIME T VUALALT 1 IVBIgUU IIviaBLILVaD

l‘ ——
use temp.
!

Elastic Modulus process temp

( ; g
Tg  Tm !

- Temperature

FUTl 3.26 Amnudiiusegavniiny Elastic modulus

ATEUIUNIATLSBUTeY Thermoplastic  lasdrusnnazgainualiaes
Weantuisugumyiinasiivas wiafvungamplisnitgumaiivasiimal Taginly
nsvvIunTsanatanasivualiganitgungiivasuvan 60-80 ¢ wazfmMuAlmG
"z)‘m‘wqﬁ Cracking 10-30 ¢

Thermoplastic mldnsyuaumsisataveuisavesgungiiiheinfiy
Bunsyurunsan w3 Thermoplastic ma‘uﬁﬂLﬁaﬂlﬁqmwn‘,ﬁﬁmmzam’lunssmumi
TmsJﬁ“ﬁqwaaqmwgﬁqaﬂiﬂqmqﬁmaazjma'r?iuu::ﬁqﬁa 1020 ¢
Pragamaiifibivnzaslunisvasuazaieves Thermoplastic  Asgamgiiganitgungil

Cracking 5-15 “c



3.14 msdananaRnuazndnugniluntseenuuuisifist
3.14.1 vusaulunszurumsaawanaan [5]

TudunnluadaezUsznauluse 2 dudeiuiivssnauiuaioda Tao
asdutandudufiegiui uardruiindoud gnvhmsﬁugtﬂwsmuumu%unuﬁﬁ'm'ﬁ
da 51 lumsidnazuszneusmeiaissiiouasiaiesdinsiiddey Ae wiuuaviadosdn
waradn Wiananafnzgnioudlvlunsie angdmiefudsssmlvidiananadniadeud
dunszuendsludunifamlagtiusivia ey iivnanadnwasurudauaswilvidia
wanaAniadeuTiiunsruendsludiwifuwlngiudmhauseu fvhlimaiafnvasui
wiaadl luwifand minthrsvdesliiuasansenannuifant ﬁauam‘lugﬂﬁ 3.27

mngu'ﬁ 3.27 uaRtuRBUNSTUILANTIANANARNLARAL

1. dugannszvaunsvasumainaradnlasanservyunaraesvaaie lwle
Vineslumsiatununudinwuel

2. Wutnnssuiumsaananafnviaaduifan wasvnisdaduiteSneanudy
Temss TR RO TALTENITAFIYBMAERN

3. Wusansrnunavaefuuauanaunssissunudaligungiidsgungiivan

FUIU
4. UugnIzuINMsUanIuITUeanNNNLLRLN

Samel scaumulstes

3. cooling the part 4. ejecting the part

3UT 3.27 dumBunsrUIUMTAANANEAN [5)

3.14.2 Tassadauazmsvinauvaaissdanatdan
\A33dn (Injection Machine) wnefiaeiasdnsivimsulsanwiaguianata@inain
vouddiduveavan vinmsdauarUdeslviudsiluwifamiuuuleaiinaudnuuy Usei
foans Taeil 2. druvdniidrdgan dauanaluguil 3.28
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31421 wadn (njection Unit) viwhiivasumaadenarainainveaudaiy
younarluangindsvuaudeangindeaviuey  Yimihfidaewanadniadseludaiidn
uardananarnadhnsdaiinesnsiusigawifuidn duanduguil 3.29

3.14.2.2 yallaUausiRam (Clamping Unit) vimthitlunsUawifanitiesuusady
geilinennsin uamihnsawifamiiernsuastiuudseenainwifan duandlu
U7 3.30

) damping | mold i injection 4
I 1 1 1
moving staionary reciprocating

fear  platien platten scrav and

piaten cavity hydraulic

drive

gﬂﬁ 3.29 1A3padananadn (5]
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o B O ’
,Wlllitlutltllﬂl-:t:m:l::u.-'lrpn

o, A= BB R BB

2 .
N\ \ A
(T2 IEITIIBIET G I ORI CLIITEI ISP TIEITIIIPII.
= s e gy Ve

311175 3.30 lassadraaiesdn [19]

3.15 szuutlau (Feed system)

Tugawifanidn Sudussfesinnisimsidmiudonarafinvasumaianiida
vouatosdaludlnssuvuusasui Ml aimuaiiGenissuuou lasuniszuutlouay
Us¥nausag 38a (Sprue) v (Runner) uazmad (Gate) iionszurunsaaaadu
syuulauszgnuansen WawIsrdmiunisanluasialy ﬁ’quam'lu;;ﬂﬁ 3.31

.//.GA7[ LAKD

BEENT S S iNnEs

3U# 3.31 sruuleuveawifiuvinanain [1]

3.15.1 Ua6in (Cold slug)
Uadin (Cold slug) filIinasnuiannimwwanain Usanulailvlvartluluwin
Wil Azagassatedunmihyi@nsidusias uaglddwiviwnugded mivtunounis

Q‘I -t L A
Janfuauide dauanslugun 3.32
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5U#t 3.32 vadh (Cold slug) [1]

3.15.2 M4 (Runner)

11934 (Runner) L{luzi'zuﬁ%'uwmaanmaw1ﬂ35mﬁaai1awmaanmm
Tuulwsawuulaeriumad (Gate) neldiuseduming fu

wihfidduararudesntsmaislusyuutiou
1. ddlvwanadnvadlvaiduifavidiinsswuulaed Weld line Yosiign
2. fiddfiounemsivatosiign
=" :ﬁﬁmﬁnﬁaaﬁqﬂﬁaﬁﬂmﬂé’ﬁﬁau‘imnmm%uam
4. Vasduenileiing
5. liflwansenuiuzusn

6. usmitianiign iieannsgauiousiiy gumgll uaniiowaraindoy
Vian

7. nnavewidinazastsanuuuliaunsaiunaiainrasuiraltui
Fuau

8. sruumdlimsinansgvuiuseuadaliiasiigavis sifias wanadn
szdaadigyalnsswuilunanfnty meldusedurindutazgavgiiivindunnlnsauuy
WelildFusifiaunmimioufuyniuauda

msfvunTAemIei Tusgiuiladonaisq eg1 1wy ussiuiianas Sans

va auautRvewmanadin aiuvila ganigil wazArniuediwamanadin Sadesende
Uszaunsaflunisesnuuy aunsisvuavnaunaveswnsisludesdu fe

D=35,+15 (3.4)

oy D = Wusugudnalvewsmngia (mm.)

) S = ATWUIEEAYBtUNY (mm.)
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v . A o4 o~ a
3.153 ﬁﬂﬁmziﬂimiﬁa@“uﬁm:hﬁﬁﬂ"ﬂ']q

. o v e
1. Wﬁ'\ﬁﬂﬂaﬂ ﬂﬂuaﬂﬂ.‘ugﬂﬂ 3.33

: 4

Uof

- fiuiindesiigadefieutunihdadug

- gasmaguiIthas

- myayiEsaouLazAUdAN LD R

- LANAANYBIMNNIRT LS InI1dudY Falvnnsdeatsusany
WulUsgradivszaniam

JoLdey
- nsfmnes pafus Rl dnwas 1A aweans duvinldean,
Altaneg
2. wifingy Parabolic ﬁ'\maﬂﬂugﬂﬁ 3.34
Yon
- Acafiundisnguenay wiin1sfinsesitudiRuneudevinlde
ndwﬁn%aséw@ﬁuﬁdauﬁm%uﬁstﬁsﬂa@é'\aniw
- Yaide
- fimsgauidsauiou tasdewanadnuinndi dlalfieufiuvihde
JUnTInau
3. wﬁﬂﬁﬂgﬂ?imgsumwg ﬁquaﬂﬂugﬂﬁ 3.35
Jaf
- adefuntingia Parabolic nisasasvinléine
Joide

- fimsgguidsninuaunasnanafinunnnimiiwiagy Parabolic
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5U# 3.35 mawthdagUavaeummy [19]

3.15.4 vt (Gate)

vt (Gate) fp soaMsagLany Foszvamaaiuliswuunnaiuiiniiaas
Andaduusaiulitunanainmariadnglnswuued1esand vassunueanainmaisidieuas
Lﬁﬂi@ﬂuu%uawulﬁﬁasﬁqﬂ ﬁwwﬁwaamﬁami%aQ‘Lw‘huwﬂaﬁﬁﬂﬁlﬁﬂms‘lmatﬁuLﬁawmaan
Tulwswuusgwasiaue wagnszatenisivazsmanadinludadiusneg vedwsauulunanlndifes
fusnniign drusnnudhestsuimuslimadneglususditunumniiae Fauandluzui 3.36
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gﬂﬁ 3.36 Mawwazsruutleu [1]

3.15.5 yuavasmatl (Type of gate)

giavomnatiildlagvialy 1Hun maiuuusaa (Sprue - gate) Matdwuuidy
(Pin gate) Mt WuUNEN (Fitlm cate) maduuulasruny (Diaphragm gate) Maduuuauviu
(Ring gate) Maduuumass (Overlap cate) Matuuuway (Tab sate) vauuuTunnel gate
(Submarine gate) MAYIMUVBDU (Edge gate) waznraduuuwe (Fan gate)

1L muthuvugde (Sprue  gate) Tdnwurrssmadvidanataindnlwsawvulaenss
1INgEA duvenainndszdatuias lasldiuiunuruinlnguas juvsiaiasvuadusiu
Audnanwesgaauuuiazlneg duimiinvesduay dwanslugui 3.37

*——'0' minimum § mm

Taper 3-5 Gegroos —
*——Keep sprue leagm
k sharp
o short as possible
Comers minimum R 0.5

J LN

gﬂﬁ 3.37 MAULUUUAN (Sprue gate)
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2. mat vty (Pin gate) 'vmL‘ﬁ"luuuﬁaﬂ%’ﬁ'u%mmmmmﬁnuasﬁﬁama FifinnseEn
Wudwnn smlﬂu:uUummsmw'lumwuamsqnmwumu mumnummaw‘mzaa'lumumuq
duldvesduau yuaduiiugudnarsremiaiiyszana 0.6-1.2 fiadwas fnsdingunuuay
mmumamauaaamumswmnumm&mwuwmwvma*f]aanu‘lu'lwumumﬂmaﬂamumu M4

uam‘lugﬂw 3.38

\

L

\
ansielonen s,
{—I: ’

3!

ntend:d gating tocation

| st 3.38 maduuuida (Pin gate) [19]

3. yutnuuRdy (Film  gate) ‘vmL‘ﬁ'luuvﬁazmmsﬁu%umuﬁﬁmuwﬂmﬁuazLLuu
wandgansiiasesdeuysyaiy (Weld line) %mmmnwuuLuaamnummmuwmaw wmm
LL‘UUUR]"@EH‘L!G]’1Lmu\‘m'm‘ij'lx‘l%iaﬂidﬂ?’mﬂlﬂ anwauzAaeRaNUN ATLNTB IS zRNAN
midﬂmdﬂﬁmm*ﬂaumm 0.6-1 fiaang muaﬂﬂugﬂw 3.39

f0a10 G s

LT 4. XA

U 3.39 gduuuidy (Film gate) [19]

4. muduuulaezuny (Diaphragm  gate) Mmaduvuilmunsdmiviunudnyne
Jasniwmiu nienuiiidnvasnanq maduuviazgildwarafinmailnadrglussuuuegis
athianeannsinsesdondssay (Weld  line) Julufusu wavnsdifiduanuiinesdmivaw
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o . . . < " a - i o - 4'
NINITVBN SRsdIUTeIm MR AUSnalithu 5/1 elasfumsideuresresiiesnn

WSWUTDINIAA Auansluguin 3.40

gﬂﬁ 3.40 mathuuulaesuwa (Diaphragm cate)

5. M MUVIUNRIY (Ring gate) 'Vl’NL'lﬂLLUUUilma’lEmU Dtaphragms gate WY
ﬂ’lMiU‘UUG’]‘UVﬁQﬂi"Uaﬂ'ﬂEﬂ’Jlﬂﬂ‘] (JJ’OWIS']Z‘YTUL AN 5/1) uaumammiaﬂﬂasmaaww waasn
NP R A WQQN'IUG’)UVIMW‘UYMU'IWC'\LL?)U‘] m‘lvma'laﬂnmavmumumﬂmqumunauumﬁaaaﬂww

Wy muam’tusﬂw 3.41

]
s

External ring gate Internal ring gate

U 3.41 maduuuaumu Ring gate)



57

[ o v & ° & Y da v o
6. Jiuuumasy (Overlap  gate) MUV WUVUMINZEMIUNTTAATUIIUVAVIUIRAVUN
‘v ~ e ¥ - - . ) <4 1 ¥ - v v > . .‘J o L4
madwuuiisvidiulinanafnuaidajudiduygy viewadwuiuadduiieneu aniuazdulv
a a < o a & v e <
wanafnivaluaudulwsiuuy annsiiaseerduivuinuauls duaaslugun 3.42

gﬂﬁ 3.42 yadhuuuiwdes (Overlap gate)

7. madhuuuuay (Tab gate) 1unsiUGeuzUves Overlap gate manuuuiingdaduli
waradnwmanlvatunaidwnadnneu udaddlvasiunatiaifiass udadaluainginuiiu
Jaaiumsiii. seemdurasnisivanvziiniuiudunula dwanddugun 3.43

Coate friom
et r oW

Pat \
- TCIw™

3U# 3.43 madhuuuuau (Tab gate)

8. MLy Tunnel gate (Submarine gate) MaduvuliaziminzAviuuNTivwg
WENUIa uazﬁwaw‘lwsauuu%wz’lﬁag’lw‘huwﬁw’huij’wauazmmsmlaaaan‘lé‘(mé’miuﬁa YBUVD
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¥

wmuﬂ.,aa'lul.auumLﬂmnuma‘lnanﬂwsauumzvnmqm‘lmamLﬂuumsm safulwsuuume
Huidng hglwsawuuedheiudnsusvesgling dwandugui 3. aa

gﬂﬁ' 3.44 Maduu Tunnel gate (Submarine gate)

9. wiuduyudvaey (Edge gate) vaduvuiidlunuuiildlutnquszasding luuay
Wuwuuhes astuiiesnsdadaudusesdivBsuuuwiiuisuniiaiesosewimdaiunsuuy
Aauansluzui 3.45

L {7)

7 \\
@)

Uil 3.45 matwuudndsu (Edge cate)
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10. mMuduvue (Fan gate) vf]umqvﬁ"mauﬁnuuwﬁqum‘himﬁauﬁumaLif'muu
Avdsuifivuianuniazarudnai uiaauniwazaudnvesmadnuuuiaerline
TagfinnuniwiidadulnswuvasiivuadeudranFuazsmszmaiviilfawnsadanatadn
vasumaiiTulnswuuldiudinasnnluginandug duumaduuuisumnsfuuauis
Hufsnnuasiintiuna sUsumatuuuinesensratemsivavamatadinuasuviand lululwsg
wuuhlynslvaasiuaue wazsesmaslvalufuaution é’auam‘lugﬂﬁ 3.46

U 3.46 Maduuua (Fan gate)

3.15.6 szuuvastiu (Cooling system)

Whmngvasmnaaifiu Aa elidununaainiduiagifias eaunsavansen
nusiat Tnstunuegluanmasyseinaiian gamaildnursanifuilindndunuudase
%%uae‘jﬁuﬂﬁ]ﬁa dail vlinuazinsavesnanaRnily seszmeiinanafnivalulnsawuuaatunees
Fun arwenvesszuulou Hudy uaztesn¥TERUAILANF YD unliuifuiuarwaadn
vaaalldnusioans wwdovesvardug wwgndndluluadisulugwiodesivhiuluwifam svie
SoeivhiuiiFenit malvavesssuuvdady wiemedweaaidu

tadeniinatunszuiumsvasidu
1. gungiivasuval (Melt temperature)
2. pUNOIUIRUA (Mold temperatures)

3. ANUVUNYBILIRUR (Mold thicknesses)
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3.15.6.1 N159BALUUSSUUNEGDLEHY [9]

amwnmamuuwwuwwwumm (Cooling integer-type plates) aspIuAY
Iﬂa‘l&um‘lmaL'wu'luswm"‘lﬂuuwuuuwuw Tﬁenjnm ACRYY w"amnumamaﬂma%svuwaawu
Jsifprafuiuidovievaneduily fa'lmwuwuuaaﬂumwwuwammwuw Tagdivuratdusiiy
fuinan uarszezvivesnsinaivdaidu 'lui.,uwaamu [34] muam‘lu