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PUNTAD PANICHAYAPUN : APPLICATION OF CAE SOFTWARE FOR ENHANCING
PARAMETERS IN INJECTION MOLDING OF PLASTIC PART FOR WARPAGE REDUCTION
BY DESIGN OF EXPERIMENT AND FINITE ELEMENT METHOD. ADVISOR : DR.DON
KAEWDOOK, 84 PP.

This study aims to optimize process parameters in plastic injection molding by
utilizing commercial engineering software in conjunction with a Design of Experiments
(DOE) approach, specifically employing a Full Factorial Design. Three critical factors melt
temperature, maximum packing pressure, and cooling time were investigated at three
levels each, resulting in 27 experimental conditions. Simulations were conducted using
engineering software, and the results were validated through actual molding experiments
performed on a TOSHIBA EC100S machine with PP-TD20 (polypropylene reinforced with
20% talc) as the material. Warpage of the molded specimens was measured after 24
hours at room temperature using a microscope, with a total of 81 samples analyzed. The
findings reveal a strong correlation between simulated and experimental warpage values.
The lowest warpage was observed under condition 9, with simulated and experimental
results of 0.435 mm and 0.335 mm, respectively, indicating a deviation of 23%. The
highest warpage occurred in condition 19, with nearly identical values from both
simulation and experiment (0.574 mm and 0.573 mm). These results underscore the
reliability of injection molding simulation in predicting warpage behavior within an
acceptable margin of error. The knowledge gained from this research can serve as a
valuable reference for process planning and quality control in the plastic injection

molding industry, ultimately improving manufacturing efficiency.
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2.1.1.5 Indssndwiiau (Polyoxymethylene, POM)

= a Ao wa o a | = =
Tunanafnndamuaudfdnasidey nuseusudenniu uagiay
ausatun1svaeiudies Iedeulalugudunsenisanuuiiugias wu e gntu yu wae
< & v A ! = =2 5 o = ° [
nalndenusyg weNNY POM  Falimnumuniuseansialiuaznsgaduiem Jamngdmsu

msldauluanmmindeunaennuaiesgs
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2.1.2.1 Glass Fiber Reinforced (wana@niasulewna - GE Filled)
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2.1.2.2 Carbon Fiber Reinforced (wanafniasaleaisuauy - CF Filled)

wanaRnfduduloamsueu (CF-Filled Plastics) Amudansagsndy

1
1 o v !

dlowrn withiwdinuindy shlhdusindenfimansandmiunuidesnsanuudsussgauay
i IneRauauURves CF-Filled Plastics wanafniasulersuoulsnsaiumnuudauss
siamin (Strength-to-Weight Ratio) gandndulewna Snvadafimnuud wasmumureuss
nssunnle @ Tuunsnsdl Taguiatannsathliihle vidldsengsundddmilugunsaidomsedng
uennissdanuaansolunsumusiogamgiifiatu Faanadniasalonsuougmitluld
Tu guanmnssunstusazeana dwsulassadsormas wennisdldly gpammnssueiu
JUATZAVED LU UYL, andupuliuasued uazdudlasaseTidesnsALT s
thwinu sl gramnsadidnmsetind iy fiFeugUnsaifidiesnsemamuyuesnistssty
it

2.1.2.3 Talcum Reinforced (Wana@nwa@susian - Talc Filled)
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2.1.2.4 Calcium Carbonate Reinforced (ipaLfiasia1susiim - CaCOs Filled)
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2.2.6.7 s03308n15W0a (Flow Mark)
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2.3 WMANANIT9BNKUUNITNAADY (Design of Experiment: DOE) [3-4]

N139BNLUUNITNARDY ﬁa;mizaqﬁﬁwmuaumim%"&JuLLUaaﬁaLLUiﬁaiz%wialﬂﬁ
wFenintlade (factors) vesnszuunslansyuiunvile LLé’a@waﬁLﬁmﬁuﬁuﬁumﬁmauauaa
(Response) YBINTLUILNFIY

a

AS£UILMNT (Process) ABNSYNaUTIIAY HeLNaUAUYeNAS93Ns (Machine) Tngiy
(Material) 11w¢) (People) N33335N151191U (Methods) anmwinaexlunsvineu Envionment)
uaznsEUILMTIAA (Measurement) tialiAnidunanaavionsuinig suseluiiusesng
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Tunszuaumsvils eeiidadeinninefidasansznusienszuinns tedadeinlalannsa
muauld wiindusnalinansenusensyuaunisiny 1dndudesaziaenseuaeslifiuys
widnilidilmusssuen @9y nmspenuuuMIMAaDs (Design of Experiment, DOE) 15 1§ndaus
Widnii31 Noise Variable aglsfinnu fautsunsiliannsaudeslvideundadumasssmenale
desniufinaronszuiumsnniitfauys Noise sdusiosmunuiuusvanileglugas
fomngandieanuansznuiienafntudenszuaunslinnniian SasiFendudsmariia key
Process Input Variable (KPIV) Turauginieniu 1sagaunsauseiiuussansammsonnuduly
yasnsruunslalnensldsdSefivangay dslunssuunianilen endldmdindlosinie
viavanesan e 35nyTnanunsaudseenduaosussnvman loun nsinlsUsana (Quantitative
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(Discrete Data) \#u mstusnuumestaunnies viemsdanmdnunsvestuny

agalsfanu 1lidanunsndnduys Output vesnszuunslavnes I dudeaden
anzfulsiiannsavsvenisussavan e enansenuiifindulunszuiunisldfian Sas
SensauUsiveniii Key Process Output Variable (KPOV) ‘i]’mg‘d‘ﬁ 2.16 Fudsdn Input Factors 71

Wit wUsiigaiudvIndusulsnamanansyuaunisunn wag Output Factors 71UsNng
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madlt DOE Huazlitienly Response wanealunisvinasanile

2.3.1 Jupaulun1seeniuun1snaass

2.3.1.1 Auuateatym (Problem Statement) azAestatau Wilaladeuas
WugUsssu Usznouseesduszneuvdn 3 e exlsiiddadudulym What) dnuazves
HaumiBuulsvunalm (How) wasnudammiuitlwtsaans (Where)

2.3.1.2 madentlade (Factor) waynsnviuaseauteslade (Treatment) S8y
flgdesdontadefifuarensyuiunises s FsenusadenannnssiisAnnsedaeiesadle
yreedi 1wan Univariate 1wy T-Test iudfu diiflenudviodenmnlunssuiunatug fdu
fitanansalimuuz irlunsidondads uasnsimuasziiuvestadese

2.3.1.3 m3denduUsaevauss (Response) aedoatiusulsiiantnsoinls
TaiiiadeiniasieTauay Tasenszuiunsinaus wu matu wazasdeudusulsiideds

ASEUIUNSALSIPBINSANHULA R E
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2.3.1.4 Fonuuunnass (Experiment Design) 1y N13fvuns uILdsiiagng
BN15LEeNAeI0E1e MNLMTIMIAaes 35 MsTuTinnanIMaaes wasnsiuuaAlETY
Tumsaniiunis Wudu

23.15 fuflunsnaaes (Perform the Experiment) Tidulumauannis s
FBnsadunms augnaedlunisin nsmuausuyslunsmeaes uaziiunanIsvnasd

2316 mﬁmiwﬁ%’az&a (Data Analysis) lailgiuAn1s Run Computer Program
ol lanasanuwindy uisiudanisnsaeaey é’ﬂwmzLLazﬂmmwmmﬁayjaﬁlﬁmﬂmimam
MINEIUNTIUANUYNFBIYB Model #iléf (Model Adequacy Checking) yenszdutaddey

vodvEnavassazade lngund DOE 2¢ld ANOVA lumsiinsizviveya wavasunateya

2.3.2_M3eankuun1snaaed 1ng Full Factorial Design
Ap TBMsnAaeINavsestoulumsivdsuilaiinvemntady wazazses

Ansginansenurefulsruauemnnsl lnenisvasesiiaudentd 3 - Level Full Factorial
Design ustazilasosasuulald 3 svdu Safosvhnsnaaewiomn 3 et k fesautless
(Main Effect) a:\Teuumisng AB uwaz C audisu uagldia (Code) iiausuidsumieaina
vosusarUadelviegluguuuuannsgiu dmsu 3 - Level Code agld 0 unurmsinaisvasusiaz
Hasw, -1 wunsanetadedu Low uay 1 ununsdifiaasedu High s S1UNUTBUNNS

& 3 o i
NAABIIINLA Run = 3° = 27 59U AINAIRITINN 2.1
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Run A B C
10 0 -1 -1
11 0 -1 0
12 0 -1 1
13 0 0 -1
14 0 0 0
15 0 0 1
16 0 1 -1
17 0 1 0
18 0 1 1
19 1 =1 =1
20 1 =l 0
21 1 -1 1
22 1 0 =1l
23 1 0 0
24 1 0 1
25 1 1 =1
26 1 1 0
27 1 1 1

2.4 N15318993ATIZUN9IANTTY (5]

1 [ v
Y Y

M3TugUTUUNaIEAnmswifuiuuuladunssuiunsidtuneuraietuney
AIUAINIAREBNTROAY N0BNLULTWIL N1sidenldinToanaladn nseankuuwsifiun U
UAINITIDNHUUNTZUIUNINGS 19U MIFALFIEI NMINUE waznsUsenauuny

A o o a o =~ a o & Y A wa
detimsihwanafin¥anmanlilunszuiumsBanatadin ndudesiarsanaaauds
VDIIER LU AINANINTLUNTVUTY ANIUVTR WaEANUNUMUABANNTEY Tedanalaensade
AMNIMNYDIFUIN AT IRBIEINTORNKUUNITNAGBINDMNAN NIV ZaNTIEA LN SRANAERN

P wagldnalulad Finite Element Method (FEM) sanusgendlunisdnassnsiviavesanadn
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MulULLRNN lnge1dunTins e iag AU S9187LATIZINIFINTTU (CAE - Computer-
Aided Engineering) W1ulusunsu Moldex3D

nsldwalulad CAE Tusnamnssuwmalulag CAE (Computer-Aided Engineering)
Huedosdlofivnglimimnsaunsoiinnesiuaziaomginssuvesianvionssuaunsudnnou
Fazhluasadiunuuass Ingldwsnmsmndinemansuasfand 3957uds Finite Element Analysis
(FEA) - mylaneidslassaiaionsiasouamuudeusauaznginssuvasiagneldusenseyi
wazComputational Fluid Dynamics (CFD) - m3dnaesnginssuvedvesiva wu n1sluaves
LR CRIAVIEG T

sl CAE dreliiannsanmnaeuisydnBnmaeskdnfnsivionsyuiunislidaus
Funeunisoaniuu andunulunsadiuuuy wasiiudsyansamlunsiauindadu
gty Imnsanansalt FEA 1ilonTI9aeUlnsouTesdsaaneveITnuUA nUNERALLUY
934 worsndeuiSlnludiediuug (Finite Element Method - FEM) Wumafian1siasizyiidae
Tfannsnaiauuusiaemimnssudidenalndifssiuanmeasanniian weluladddels
mslsifianuusiug) naaeselalisin Usudsudmniivesldine waranailunis

ASNAULUU anNAINISNAEaU sudsanAlgaelunsIdemasimun

2.4.1 FunaunTIATIzaleszideuds inluAeaud (FEM Analysis Process)

psFUsEneUTiug ueIMTlirT e FEM Usenausiae wuusaosd mumaiese
(Geometry) - a¥wgUnssestunuliiidnuarlndifesturonianniian, Aanzvesian
(Material Parameters) - s¢UAaNUANINATDITAR 1YY ANUVU LU Nonaaveds (Young’s
Nodulus) wazdnsnaniages (Poisson Ratio) waviioulaveuius (Boundary Conditions) -

AAUALSINTZINLALTDINAVDINTLARDUNVDITUI L

2.0.2 JUpUNISRIENLUUINABINOUNITIATIENR

WUUT R0 ARSIl AT aUUAN1IETSWNTIER INDNANTIATIELIUEN
TumpudIARUaINTAs UL Radhl FEM  Hdell N15Uuguuuudnaes (Model Simulation) #ag
nsas Nuuuaedlagldgensnas CAD 1w SolidWorks, NX, Pro/Engineer, Tmnatinnmsatanim

WIBNITALNUNUAT (Scanning) VasiIngALLUY
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2.4.3 wlaslayalusuuiiaedmsunsiaszsidag FEM

2.4.3.1 NM5LUWLAKIUA (Meshine Model)

HunsruiumsuentunuosniussdussnoumnadnGendt ledisd
(Element) lelaninsadnalldiedy udaziediuusiaeinmuandfiams Wy anumu Ay
UL wegdavesd warsnindutimes leasndainsasigasie (Node) ileldonlesszming
M Ingu199AsodragUSIMHYBLERIIUA WAYUNYARDDENTIVBUTENINIAIIUA

nsHiLdIIYARaUNKUUTIae e liNTAT e R ALLNE NN
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= 1

13 o a & X zv Y o a X v & v A k%
VU QEJNVLﬁﬂGﬂiJ "\]TL!’J‘LJLEJ&LlIUGWllI"Iﬂ‘U‘L!ﬂG\@ﬂﬂiWﬁN"luIUﬂ’]iﬂW‘LJ'JEL!LWJJ“UL! AN UADIADNIASIESNS

a v Y] ° P 9 v A 1 o o °
LBa LNUG]‘IW ANNSENAULLUUR ']a@ﬂLW@Im@NaaWﬁV] G RREAIPRAY [ L’Ja'ﬂ,Uﬂ'ﬁﬂ']U'JﬂJ

g‘dﬁ 217 W@un1s4kud Node

fmm'ﬁﬁﬂmﬁmummmmﬁﬂLLuﬂgiJs'NLLazmmé’uﬂ’uﬁ‘ﬁumﬁ;mialﬁﬁqﬁ’

a) JUTeRRLA 1 IR laun dnuasdadu (Linear) WU AU Beam) TAssin (Truss)
AUUsENOUMEY 3 9968 (Quadratic Beam) muusenausie 4 asie (Cubic Beam)

b) sUseRELd 2 T35 Wi wAnudiuiiBadudussuuenudy mueson

anwauzJuuiu (Plate) viserUFonuns (Shell) fdnwausluaumien Adeususiewng

eNEYL (triangle) angﬂMyNQTﬂ (rectangle)
Avdausinuladivi dduduauu
(quadrilateral) (parallelogram)

JUN 2.18 JUTaLeduun 2 17
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0 JUsueduA 3 17 loun wdudvinnsorndulaswaseiiselaguaumie

(Tetrahedron) U%%M?lmaamgumﬂ (Rectangular Prism) #sevsa1nutil (Hexahedron)

1
1
[
I
—"--- -

fiszHngumumas USEudmdsman
(tetrahedron) (rectangular prism)

VISIVNAAT (hexahedron)

JUN 2.19 5Us19Le8ud 3 df

Y

244 fvuadeuly (Condition)

a9 INas1eALUA 3 0@ (3D Element Meshing) @1%5UN1591889N58 U
nsaananafnuds Sududeshmunitouluineg Welinmsseiiianuuluguaraenades
Aunszuiun1snanase Inedeuleiidosrimun Téun

2.4.4.1 viavesian (Material Type) - AviuspaasdRveswana@nilly wu In
alwsiau (PP), ozpslalulasa-Uimladu-alnsu (ABS) wse Iwdrsuaiun (PO) lnufoiiansan
AnATRnANTouLarnsinave s Tan

2.4.4.2 JureueRasdanaaiin (njection Molding Machine Type) - SzyUszLam
LATILIATBNAR DSEANATERN WelTUsunsuA I RsINSan AuanansalunsasIusay
La¥NIIAIUANNTEUIUNSIANADS

2.4.4.3 guuniusifisnt (Mold Temperature) - fwmngumalivesusifiaii
wza s naaRnduinaesnsaiaue amf]mmmwmﬁ’gLLaziaaﬁwﬁﬁuwﬁmm

2.0.0.4 fuvnisesvnaidntwanafin (Gate Location) - JLUAUNLIVRN Gate
ilelvinislvavemanafinidglnsausifiasifiuszansam annsiinsesdesdszan (Weld

Line) taznanine
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2445 MsRENnS3AnanaRn (Injection Molding Process Parameters) - NuLA
fusdailflumsmununszuaunsananadin Téun
a) AN (Pressure): wsssuilddamanamnuinguaifiant dedfosusulyt
wnzauitedestulamiuruidaliiy (Short Shot) wielinASu (Flashing)
b) ANE (Velocity):  §nsinslvavesnarafnuazdn dedawans
AT LA MINSE R R AR

c) aaunil (Temperature): guMiIveINAGERNVIABIMAINYNAALIG

Y

Y

Wil Fedpsmuaulivinzauioanaudsdlunsidonaninvesian
AwUsmaiseagmintulglunisdrasaiemeiiviangauign newdiluldiueses
AANANARNIT B9YelviaunTaUTUUTINTZUINITHER anveuds wasliuAmuAINYeITuNY

nanadnlnog19lusEaNS AW

2.5 m‘sﬂ'izl,ﬁuqmmw%umumnmifﬁ']aaam'iaﬂwmaanﬁ"wiﬂmnsu Moldex3D [6]
msld TWswnsu Moldex3D  lunissiaesnssuiunisasnanaindumnediafidndey

dmsumM AT eikasUsuUTINTEUIUNITHER ImamuﬁﬂsﬁﬂizLﬁU@Mﬂﬁwmaa%uaﬂuwaﬂaaﬂ

Tumaneudyuiioandounniesiiorafistulunszuiunsss mavssdiununwrosduauan

msdraeEusalUsoendulssAvang fadl

2.5.1 msuszdiunslvavesnana@n (Flow Analysis)

m'ﬁmezﬁmﬂuamaﬂwmaaﬂuaamLTIu%umauﬁugmiumima%auiwwmaﬁﬂ
aunsafufuifuila e mrauialil Tnefinnsanantladudiee wu wgRnssunislna
Yo Inadnn (Flow Pattern) Lﬁ@%meﬁdﬂLﬁawawaaﬂﬂizmaéfﬂw,l,ajﬁmﬁaemaﬁwLauw%l:u',
ﬁ;m%auﬂﬁsmu (Weld Line Analysis) Lﬁaﬁzqﬂ%nmﬁLﬁmaaﬁamaawa’]a?\ﬂ Fao1adanaste
ANUUT USRI UNY LaslSIT UG (Filing Pressure) tiledaseinnusiuly

a a A o A a Y} a
ﬂi%‘UrJUﬂ'ﬁQ@Nﬂ'ﬂﬂJL‘ViN'ma@J%i@@ﬁ!@V}Lﬂ@LLiQWUQQLﬂUIU

2.5.2 n15UsziiuAuRaUneuasiud1u (Defect Prediction Analysis)

TUswN5u Moldex3D a@nsnsalimsIa@aULas NI U aUNNG 991 919N AT UTLII N

= & o

a a 1 . I a [y ' 1a Y a
nsaananain 1w nssemia (Ar Traps) Faluaafiennimgninegnieluusifisd vilvie

Uaymannmuesiuiy, seelnil Burn Marks) iisainnisivaveswanafiniifiannausigaduly

Y

M3aN5ITUIgeIMATIIIR, NMIgURIYesaIU (Sink Marks Analysis) 94AAINNIVARIYDS
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WanARNMEIINEuR derasiagusnuasaNmBNIveiue wazn1sindeuazdniilne
(Warping & Deformation Analysis) 1@n539&0UNTUNUNAINSTUFUTANURALNEUN1TR

y5al

2.53 nsuUszdiunisudsiazn1siuga (Cooline and Solidification Analysis)

nanTinssuImsbduswetumadutadeddglumsenununanim

a o s a [~ . . = & v o A
VOWANT0U IAeinNTanaN aMSEus (Cooling Time Analysis) Falusaimunsyeay
FuNUaInnenean NNl gamalinliatiate (Uneven Cooling Distribution) @
iAANvRR eIl el wasMnsyaefesenmnil (Temperature Distribution

in Mold) sieliuuladnszuuamaunduvesuifissianunsamuauaamgillieg1aminza

2.5.4_nsUsellunsnulazussvibusiiun (Pressure and Clamping Force)

AMTIATITIBSIAULAT LS ITULRLRglTula ke ASps@anaaRnanunse
° Y 1 o a a a o a . 1 al P i
viaulaeegnslivszansnin lnefiiansun wsenudanana@n (njection Pressure) Lialiuulain
wanadngndaalUlumiNamieg 1 amsngay, ussnunelulnsausiiium (Cavity Pressure Analysis)
6

ianyavaeuLTiululsazaavekifaiwazdasiumsunninveuaifiam wagusadumifiam

(Clamping Force) tivatlasiun1silauinasiszninnIsannanan

2.5.5_mMUsziiun1sundauas AR esNilAvesueu (Shrinkage and Dimensional
Stability Analysis)

a 1 1l o A < % = 1 a 6
wanaRnaulnaiinsvadanioldusias 9 Moldex3D  @1150TEUATIZ

wazwenIalle 1y onIIN1IUARITEINANERAN (Shrinkage Rate Analysis) WeRTIA@BUINTUI
WNAFWNNUDLLAEIlA LagANUET IRV UMY (Dimensional Accuracy Analysis) Le

ATADUINVUINVDITUNUNNEA LA INAbAEaTUNITODALUUNI D b

25,6 n1sUszdiumnuudasauaraniinisnavestiueu (Mechanical Property)
Moldex3D an3agigdnaaeuagiiaseiauauiinanaveunundatiugy
LU mmLL%QLLiwammL%amUssmu (Weld Line Strength Analysis) WisUseiuanuudanse
a a a 1Y) Y P " . A a ¢
YIUIIUNWAERNAANNTINAY, LIAAULAZUIIAY (Stress and Strain Analysis) [OILATIZI
AINANTOVDITUNUIUNTT UL LLazmqﬂflﬂ%’mmaq%umu (Fatigue Analysis) Lien3I980U

INBUNUEUTONUADNS MU USTeze eI oLy
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av ad v

2.6 “MUIFBNNYITaS

algfns dsdves [7] vhmsAnwReulvivnzaufieifiumusumuusidisgsga
wanaRnTannadia PLA Galdihnnseanwuunsnaass wuuds Full Factorial Design winunld
e muaveuansnaaesnAflizauuds mefeulunimmaass 3 Yade laun gamgl
yaumaNaain gamniudfiud waganuiude Jausaztadounndretu 3 seiu iliuys
Seulvmaveaeslévion 27 douly uazmsesniuuufisnidananaiin salufsnimeaoy
ARG navesiury Inevadeulssi (Tensile Test) faeiriamnaouaiunUsyas (Universal
Testing Machine, Shimadzu, Model AG-X 50 KN)

AnnnS fewasw 8] dAnwnsnensainsiindevestununanainiindndas
nsvuumsantugy Tngliresfiumesthevadmnssu (CAB) iiledraearlins et duiiing
somstindenvestunu Inewiunsdifnwmeshaseundesaauaudidnysetind (ECU Cover)
AdeUINsDadsestunuAnnnnadsuaeamgivisainmlantusnueonan
Wit wagnanadveswanadn ABS Judunediue fedaigiu Ineldweniuas Moldex3D il
fraomnsdiweslumsndn uazlémssenuuunmaaesuuumyBiommiimesivensa

S. Pitjamit et al. [9] la@nunszuInnskan NuIurawessadnsenueun (Rear Fender)
IngldnszuiunmsBananafinuazdnasenssuiunsmegenanis Moldex3D ¢uidesaiunig
Uulgsnanweetudunanainlneiinsziisfivesiifinansenu wu mumimadioes

[

Ta nsvaveswarainlunifiad asidilunisda wazanududa wan1sdnwuansliiiull
madenduminadivenzaud el fannadnduifailédtu aatlgmmsfesesdesszan
wagnsindenvestiusu uenani nsliweniuag CAE SuhsandeRnnanslunisoeniuy
wifissiuarUulsenssuumsanlfiinanng i

Y. Tane [10] léFnwnisldnistinsesinisivavesuaifisst (Mold Flow Analysis) tie
ﬁﬁ&@@ﬂLLUUﬂ’i%U’Jum‘iaﬂ%ugﬂwaﬁaaﬂiﬂﬂi% CAE (Computer-Aided Engineering) wan1s@n
wandlifidtudnnsld caE saelifansnsoansalilagmmadesurediunuatiugy tasnssaos
ASYUIUMSANNANARN NMsUTIUAiTan uaznsszuieR e deelianansnoenuuuusi s
Ippghausuguazansuyunsnen

Y. Ryu et al. [11] uneu3de (Materials, MDPI): s1388ssununyiidnennis
yaflarnsDngUTestuudanaaRnlaewiuTan InaTnsEunaumaAauss (PP Aouldn)
Feiuaduarmusinandludndiusine (0-20% Taetimiin) §ideldnseonuuunmmeaes

WUU Taguchi kagdaseinuiklsusiu (ANOVA) Wiemalialas USunaasiduuasiiianges

Tunsannisva- Inswesue. nausnginviavesesfuusldvinagign sowunfenasidud
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M3ifL dvnaeymAvesiadiNatosTign dmiunmsannisae (usensnafsEing
fimmsnslvauazannsnsiva) wuin maiaviad 20% Bikarfigalunsannnusansad
204 PP (aAn7sinase) unuefimsifuuia 20% taeaamsvieilassaanniign dofumuiaenndes
fumsldau PP-TD20 Tugnanvnssuenueudfisesnsiifnaiigs ilesannitaddisannisun
wagnslisvestununanainldossdiuszavsam

M. S. Zainudin et al. [12] UnAMsUsEysivIns (Materials Today: Proceedings)
MATeEE M3siaete Moldex3D 3auifu Taguchi Grey Relational Analysis ieUSuUnszUILMS
Favanadnlaefiitmingan wuadeaUszaunaain (Weld-Line) way sesgus (Sink mark)
wonfu. msveassuiuiladnssuaummiliansaanauniaunidenasliia 56.4% uaz
anANANTEITEBYURAY 68.9% Waleutuaniizdusy suitliduinsl#iinseanuuy
NMIVASBATINANNEUAINITONA [Uvae ) TaunnTaswnsay

N. Y. Zhao et al. [13] unauUsyiel (nt. J. Adv. Manuf. Technol., Springer): 411
USvieinaseunquanuimilunsannislisseuagnmavalunssuaunsdananain ag
d3U3ATevunalagatung YSuamsinesnseuiuns (W aamaluinu/mao
wien ussSaan natdada/maeaidy iud) wWeud e Warpage waw Shrinkage 33mseenuuy
mIneaedsainegneizves Taguchi Wiunistuduinduedesdieniiuseavsnmlunsdum
Anstaatasiivangan fednaummanesiitosdosutuisialy deanisruulsunu
uazUfulssnanmauuesslina  Tneagy vuiderimmseiiiuaniiinsuiunssua
nseehaduszuusie CAE wag DOE Wuwnmanidululfuasiussavinananlumsanmsdn
sorRstuNURBUNIHARTI UL Tasszyasnimesimnauddliviauuidouuauas
uazseBgUALAY SuaztisensziuamnmTLNLEaaaRnlumMAgAEYINTI

M. Huszar et al. [14] l#Anwmansznuvasnsideniaguagsiumianafifidenison
Demestunuuazussiulumsdstuzunanadin Tngldmssaesoeensiuas Moldflow e
Aeeinslyauesianluuifisn. menwiwuiiniadentanfivnzauuasmst s
nafigneesanansaannsaiienvestununazusafulunsdnldessiliudidny dadaald

NsrUILNsAnTusUiaudEuinniy Tngannislindsnuiazvede.
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sz dEgulTN15IY

3.1 BWAUNTWAIAUNISIRY

BSUAY

Anvuaziiudeyarean1saadusUudurunanadin

v
_ DONIUUTLIY TEUULINUN Uay TanTuanu

a574 Finite element (Meshing) uagiowlus1a9 Tag Moldex3D

Meshing laisinuy

G\i’Jﬁ]?lE]Uﬂ’J’]ﬁJﬁlJUuiilj‘Uaﬂ

Meshing

P9NLUUNINAABY (DOE) lagld Full Factorial Design

v

91a89N15anNUNaIaRNA18LIauly DOE tagly Moldex3D

A

GGR IR

ﬁli?ﬁ]ﬁ@Uﬂ’ﬂNﬁﬂJUﬂiﬂjﬂqiﬁi’laaﬂ

AATIINANITINGD UALANAINYBITUUNANARN

= a v

NAFDIRAVUTUTUIUMELASBIRANANERNAULED ULy DOE

v

ATIVADUTUUMIBLATOITA Microscope hau s uiguiuaAINITINaes

v

a3Unan15338

[ dugn J

= L4 o U gj a o
EU‘VI 3.1 LWNURNGLLEANAINUYUABDUNTITIY
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3.2 11399NIUVTUY, Madiwanadn (Gate) wazn1sidanTanTuay

3.2.1 N13599NLUUTUIIY

BUAUIINNTHEDNTUNUNILUNUTIATIEINRBINSAANAERN PLTUNUIL

Dudnvaznaesdvidey waelisuiuiulaslurestunuiivwin 100x75x45 auguil 3.2

=
e

JUN 3.2 Funulunisinasanis@ananasin

3.2.2_ M3eenuuumadnimaiain (Gate)
madnmanaRnvestunuliidy Sprue Gate (Direct gate) AawinuTuITY
1PgnTIMANNNANYBRUNY WA UHUALINAAIUENE 6 mm, ATUUY 4 mm WagAdy

873 50 mm. mug‘dﬁ 3.3

JU7 3.3 Gate Y99¥uuluN1IINaRINTAANAERN



36

3.2.3 msiaenianIuiny

&Lumu%’aﬁaﬂ%”j’aﬂ PP-TD20 (Polypropylene-Talc 20%) Fudunana@ning

1%
=

TnsauiieSusierian 20% Weauruudusadng anuwds wasadesnnnlRviae e
IngTaniiiianunumusiornuseulazasialigs sufaddnsnmmesiin Falawngnalidiiu
1.2% vilviandsyynisdnsalnsevesiuau luananvinssueuewsd PP-TD20 gnununtdlunis

HanTudungluuazneuenvaITnEUs WU WHavla unalsey Aewlya

3.3 N158379 Finite element (Meshing) uaziaulvsingg lng Moldex3D
MRIINTNDBNLUUTUNUATLER WarnNBUUNISNARDILE? EVIN1TINEDINTANVY
sUTFUUNaNERn Meluswnsy Moldex3D 3#adiin1sA1unsURUUYBINLUIUB9UINaERN

Y Y

(Gate) U WU VWA U uazuila

3.3.1_N15@314 Finite Element (Meshine)

WBu Import 11dlusunsy Moldex3D wevinsimiug Attribute Tugau
YOIVUNULEY Gate  NUUINITAmUARDULY Meshing Taefuualy Element Size %84

FuNULULIA 1 mm. Waza31e Boundary Layer Mesh 3 9u Tudiuwes Gate wag Runner agly

o
I

AMIINANIUTUNTY AIFUT 3.4 nAINas a5 vgld Meshing vestunuuey Gate fegu

35

Set Sold Mesh Parameters ~

Geometry Meshing
Jrretry Meshing

Attnbute:  [Part

Type: |3 Layers BLM

Templates. A4 inner & 5 ouler layers
Default Advanced

Hybrid Meshng

Hybrid Meshing

Type |Compression Zone
Mesh Type:  |Pure tetra

U7 3.4 Msmvuaieuly Meshing v0euauLay Gate
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U 3.5 Meshing ¥@4uaU lay Gate

3.3.2 @314 Boundary Molding

Tunssraesnsasmanainiuasdeadreteuusfiaw (Mold base) uaxszuy
aowdu (Cooling System) dwiavaniiazldlusunsa Moldex3D a3stuanmuAunzay
waﬂﬁumu, Gate Lka@¥ Runner

n15a3 19 Mold base Tulusunss Moldex3D agld Moldbase Wizard lnaniviualii

YouiNuiveunuliivwn 245x245x245 G93UN 3.6

Run 30
Medel

y L]
@ L1 Moldex3D e o

gﬂ‘ﬁ' 3.6 NN5@519 Mold Base 18 Moldbase Wizard
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INwimsasesEuuvaad e Cooling Channel Layout Wizard ferinviualv
vieviaeiduiiduriugudnansawin 8 mm. §1uIU 4 vie 119 Core uaz Cavity Inedszaziig

JeINVI0 24 mm. UAEIEEEVINAINTUIU 16 mm. Fsgun 3.7

TErY-E [ -G-8
Run 30
Model

Domommaimoawes % @ EHEALOA
® &

Basic Settings
Group: 1

Chennel Direction

C Xt @ YoAus 0

ofimn | w2
e[ =] [

Defout | Templotes... | Guide...

[7 Use the orignal view window

gﬂﬁ 3.7 msas1asyuunaadusie Cooling Channel Layout Wizard

3.3.3 muuakaulun1sinasinisaanaian

nsaseitenlunsaemanafin (njection Condition) 2+l CAE mode wadiUsunsu
Moldex3D  titesenuuuiolumanzmnyanfuiun uagYanidentnndassnisdamanadin
Tngld Material PP-TD20 (Hifax X M2 U16) sfstiulusunssdssnunnideulumsnldsed gamnd
YARNTNN (Mold Temperature) 35°C, gaungilnisviaesiviad (Melt Temperature) 220°C, 69191
mslua (Flow Rate) 50%, w5wlun133a (njection Pressure) 140 MPa 100%, n1siUas i
g3 (VP Switch) 98% wasnisdia, n138msn (Packing profile) 78.57% 71 3.225, 62.86%
1.1s uaz 50.29% 71 1.1s uagiamaaidu (Cooling Time) 13.7s fsgUfl 3.8 uazilonnoeie

J % A & v = o a a o n:l'
ﬂ’Wi‘LmLﬁi"ﬂ’duﬂ‘Wi@lﬁ’]ﬁ]%ﬁ]ﬁﬁﬁ]\‘iﬂ’ﬁﬂﬂwa?ﬁmﬂﬂ\igﬂﬂ 39



Moldex3D Molding Process Sheet

Model
Customer Mold No. Project Name Mesh File Name Run ID Date
[ TNI Thesis Trial BOX RUNO0T
Part Dimension (mm x mm x mm) Runner Type Part Count Total Part Weight (g) Total Runner Weight (g)
75.40x100.65x45.00 Cold Runner 1 417449 0.900902
Polymer Producer Grade Name Fiber (%) MFI (g/10min) MVR (cm?*/10min)
PP Lyondel|Basell Hifax X M2 U16 0 12 (230, 216) 14.2796 (230, 2.16)

Manufacturer

Screw Diameter (mm)

Screw Stroke (mmj

Screw Speed (rpm)

39

Back Pressure (MPa) Suck Back (mm) Deosage Stroke (mm) Cavity Core
| 3 | 3
Barrel Temperature {"C)
Nozzle H1 H2 H3 H4 Hosle " " " ]
Flow Rate Injection Pressure
10900 %000
w00 w0
w P
= T £ e
g ww 00
g = s
g o w0
[l i_ 0
200 200
a0 1000
am am
000 1000 2000 000 4000 500 600 TH00 8000 8000 10050 600 1000 2000 3000 000 500 600 7000 8900 9000 10000
Time (%) Time (%)
Section# 1 2 3 4 5 6
Flow Rate * 50
Injection Pressure % 100
Position
Time sec
VP Switch By Volume Filled 98 (%) Filling Time 1.547 (sec)
Max Pressure
Section® 1 2 3 4 5 6
Packing Pressure | % 785714 628571 50,2857
Time | sec 3216 1072 1072
Max Pressure Packing pressure refers to end of filling pressure
Cose Plasticizing Injection Packing Cooling Mold Open Ejection Cyde Time
I | [ 18 | 536 137 B | | 2525 |

gﬂﬁ 3.8 Molding Process Sheet 79434

7N

e 1S

)
¢
N
X

a ° o A P ¢
E‘U‘V] 3.9 ﬂ']iﬂ']ﬂu@lﬂiﬂai'muagLQ@UI‘UWLﬁiQﬁﬂJUUim



40

3.4 N139RNKUUNSMAARY wazfvuaRaulvlulusiunsy Moldex3D
Jadeiifetomeaioulumsaflise Warpage) lumsdngunanainiiu wiseen
3 Yad Téun gamnivieeuvan (Melt Temperature), Aiufudnggean (Max. Packing
Pressure) wazszazIamaniiy (Cooling Time) Bwaziilugniseenuuunisvaasdlaglds Ful
Factorial Design titea¥1adoulvvasnisnnass Tne 3 deulsilaslisuauseunsvnassimun

Run = 3° = 27

A15199 3.1 Uadenazsesunisnaassdmnsutaulunisaananadin

. IZAUNTIINAADY
UJadeaduny
1 2 3
gamaiinanafinvasiings (CC) 210 220 230
Arududnggean (MPa) 130 140 150
nawaeidu (Cooling Time) 10 15 20

PNUUIDBNLUUA N UNSVNEDT dnSUsUs 3 U338 3 seaulae 35 Full-Factorial

AILANINNIT 3.2

AN5197 3.2 ARUIBINITNAFRITE 3 U938 3 seaudusutaulunisdanaiann

A1aUNIT Uade

NNADY Melt Temp (CC) | Packing Pressure (MPa) | Cooling Time (sec)
1 210 130 10
2 210 130 15
3 210 130 20
4 210 140 10
5 210 140 15
6 210 140 20
7 210 150 10
8 210 150 15
9 210 150 20
10 220 130 10




AN5197 3.2 A1RUVBINITNARBINE 3 Y98 3 seaudmsulaulunisdanaiadin (sia)

41

a1aunIg Uade
NNADY Melt Temp (°C) | Packing Pressure (MPa) | Cooling Time (sec)
11 220 130 15
12 220 130 20
13 220 140 10
14 220 140 15
15 220 140 20
16 220 150 10
17 220 150 15
18 220 150 20
19 230 130 10
20 230 130 15
21 230 130 20
22 230 140 10
23 230 140 15
24 230 140 20
25 230 150 10
26 230 150 15
27 230 150 20

ntiaiedeuluniseeniuunsvages anemsed 3.1 way 3.2 Wiludleulu DOE
Wizard v8slUsunsy Moldex3D titeauauiladeganinues msdndalisselagsan (Total
Displaceent of Warpage) I‘méfﬁﬂﬁaaﬁqm TneuSudeulasiedinis Full Factorial 3 deuly
#un gamnil (Temperature), Arududnggsan (Vax. Packing Pressure), uagssagiiaiiaoiu

(Cooling Time) As3UM 3.10 UagyinnisdnaesnIsaawatafinis 27 Reuly wiowys Optimization

Y

DOE condition 3n 1 Seulw
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DOE Wizard x
Setting  Summary
DOE Information
Name. |DOE Warpage
Base Run:  |Run01
Analysis Sequence: | Transient Analysis -Ct F P LW
DOE Methed: | Full Factonal Experiments
Factors
No.of Runs: 27

# | Control Factor [Level [Levelt | Level 2 | Level 3

1 Mett Temperature [*C] 13 | 210 220 230

2 |Max Packing Pressure IMPa] S [ 130 140 150

3 | Cooling Tme [sec] I3 10 15 20

# | Quaity Factor | Targst Goal [% Property

1| Warpage_Total Displacement [mm] | Global | Smaller 100.0% Fo3

Next | | Close

U7 3.10 DOE Wizard Lieann1sindalnisevesiiuau

3.5 MAATUIUTUIUAINNITIDNUUUNITNARDINILLATIRANATERN

o v v ¢ ° a a v A Y vaw o a &£
"Viaﬂf’mﬂl@Nﬁa‘Wﬁzﬂ']ﬂﬂqiﬂqaaﬂﬂqsﬁﬂwaqﬂmﬂ@I'JEJN'E]u"L‘U DOE 1an Q'J‘ﬂ‘c’ﬁ/]']ﬂ'ﬁaﬂmu

sUTUUMIUNTERNRUUNIIRaes 27 Reuly TnednReulvas 3 fdet1e MmelAsesdananasin

Toshiba EC100S wagltidanana@niin Polypropylene-Talc 20% faguil 3.11 ndsntuAy

megslugnmgiivieaiernlunsininguu fsgud 3.12

JU 3.11 neapsdnnunnueulunisesniuuiiginsesdanatain Toshiba EC100S
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U7 3.12 Funudatugunatadin 27 euly

3.6 N1IAAEUNITUARNI90989TUNUALASasdInlUAsElAU (Microscope)
degumunulilugamafiauasu 24 FluudrFeduniannudadaliwevesdunu
IneldinInsdoinlulasalay (Microscope) Tuauns 27 Heouly lngvinnsiateulvay 3 Ju

Faumwnadu 81 Funu e mnansiamldwevewuniluisasouly degun 3.13

JUN 3.13 asninanudedmilnuevesunuimenisdoinlulasalay
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3.7 \AsailouazaUunsniide

3.7.1 7@ PP-TD20 (Polypropylene-Talc 20%)

WunanaRninalnsiauiaiuseiad 20% Wefiumuudusadang anuuds
wazadosnmedAliAB Ty IneTaniifinnuvuniusomiudounarasiafigs saudedsng
maviastash vilirantlamnstindlneevestuam lugraunssueusust PP-TD20 gniiarld
Tunsuastudiuneluiasneusnessnsus Wy wwmihln waszg eoulsanans fusy
uazAaraude oswmniimiinu teandununsnds uandiulssansnmddasainmes

Fudruneg leegnsdivszansnm

3.7.2 WsKN353n1591999N152ANAERAN
Moldex3D \Humawsiuassassnszuumsdatugunanainiannsaldinade
Design of Experiments (DOE) Wiginszviuasifinlsyavsnmnszuiunsnan Wnetieoeniuy
msvasesidiuszuuilenwinansenuvemnsiinedane 1wy gumnil ussiu wazenui-lu
nsanseRan eI TilainsausuusanssuunsTiivaneay andounnses wasity

AnuwiuglunsHanlieg1diusEavEnm fegui 3.14

m IV LERGLCLEE

5U#1 3.14 TUsunsudnasanisanwanaiin Moldex3D



3.7.3 LA3RIAANANARN
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LATDIRANANEANTUADALTIANNUN (Injection Molding Machine) 89UTEW

Toshiba §u EC100S fauansluguil 3.15

SU#l 3.15 1eSaadamanaiingu Toshiba EC 1005

M1599 3.3 Teyarnsesdananainililunisiasenu

379013 el ANIAUA
WSSV W 100
seezlnauis aduns 460 x 410
YUNAUHULUALA Haawnsg 660 x 610
seerUAUUNUN Hadns 350
ANNFIMUANA Naduns 180 ~ 550
WSINTEV] UL M) 3
JEHYNTEVALUNUN Iaduns 90
Auaulunsan wnglhaaa 158~287
M350 \URRS /AU 76 ~ 557
ASIlunIsan Jadwuns/ AU 200 ~ 350
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3.7.4 wlfundanalasin

1a & a o [ [ =g ¥ o 1a & & o o o o <
LUNUNRANAIFONFAINRIUNAETDU ’Jﬁ@Vﬂ‘UW’]LLﬂJWﬂJWLUU’J?{Q S50 C d1usuils

AOSLAYATIA AnanTRvesTanildiuiniasdutan P20 danandluguil 3.16

JUN 3.16 wiliusidananadin

3.7.5 1A399597ATUINY

iwsesliolunsinmslnsilnwevestunu lneld Microscope wosU3EM Mitutoyo

3U Measuring Microscope MF éﬁgﬂﬁ 3.17

JUN 3.17 1p38aile Microscope Innnudadiliseveddu



UNN 4

HaN13AATITVTRYA

4.1 NAN13I1ADINTITAANANEAN

NNTDDNUUUNITVAAY (DOE) Iaale 35 Full Factorial Design iioasakoula

a o

Y94N1510884 Lieann150nMI1NNeYeTUNY 310 3 fuds laun gaumgiiviasumal (Melt

v
a o

Temperature), ANUdUAnENAdA (Max. Packing Pressure) wagsveziiaivasiiiu (Cooling

Time) MeRoulalidaldudinissiassesndu 27 ase islildmnnngaluwsasfula uas

thlugeulaiignusuuss (Optimal Condition) faansnsdi 4.1

dl o L dld L d‘l a U !
AN 4.1 d1AUYINITRaaIndl 3 Uade L‘W@ﬂ’J‘UﬂNﬂﬂJﬂWW‘U@QﬂWiU@WﬂﬂN@

Uadearuau
: Jaduaaunn

# 1 2 3

- QUUABNYAT mmé‘fuﬁﬂgqgaqﬂ 1amaaLdu ANudadalnege

A~ [°C] [MPal [Sec.] [mm.]

Max 230 150 20

Mid 220 140 15

Min 210 130 10
1 210 130 10 0.499
2 210 130 15 0.479
3 210 130 20 0.456
4 210 140 10 0.49
5 210 140 15 0.465
6 210 140 20 0.442
7 210 150 10 0.485
8 210 150 15 0.461
9 210 150 20 0.435
10 220 130 10 0.551
11 220 130 15 0.533
12 220 130 20 0.512
13 220 140 10 0.546
14 220 140 15 0.527
15 220 140 20 0.505
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M319% 4.1 Svuvesnmaaesiil 3 Uade ieauaunun nyensiamilne (#e)

Jadualunay
- Uadeamunn
# 1 2 3
. UNYANABULIATY mﬁuﬁuaﬂgﬂgqqﬂ namaaLdy audafalnese
i [°Cl [MPa] [Sec.] [mm.]
16 220 150 10 0.542
17 220 150 15 0.523
18 220 150 20 0.500
19 230 130 10 0.574
20 230 130 15 0.563
21 230 130 20 0.544
22 230 140 10 0.569
23 230 140 15 0.557
24 230 140 20 0.538
25 230 150 10 0.565
26 230 150 15 0.554
27 230 150 20 0.534
28
(Final) 210 150 20 0.435

NI 4.1 wanstaradnsnsdnglnwelaesau (Warpage Total Displacement)
Tuwdazdoula ?Nlﬁmaé’wa‘ﬁaﬁq@ﬁﬁﬂﬁmiﬁmﬁﬂdwdmaiauﬁq%umu A1 0.535 mm. AN
3 fuls Ao gamnivaouvian (Melt Temperature) fiA1 210°C, Armdudngngagn (Max
Packing Pressure) fif1 150 MPa uwawszezaavasiu (Cooling Time) HAn1 20 3wt 8

o v 6 = ! o A
anunsagANFLTusvasRaululuusiarn1sTIRes muUN 4.1
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Parallel Coordinates Plot

Run Melt Temperature [°C] Max. Packing Pressure [MPa] Cooling Time [sec] Wa rpage Total
Displacement [mm]M 0650
o
(Max)
Run2 -~ —232,000 —152.000 —22.000 ~0.690 0678
Run 3
Run4 [ 0.666
Runs | 554
2:: ? N [/l-0.680
A / o4z
Run 8 /
Run 9 L o620
Run 10 /)
Run 11 [ |-0.630 Bose
Run 12 - i
Run 13 |- os0s
Run 14
Run 15 Fossa
Run 16 0600
Run 17 o882z
Run 18 |-
Run 19 y 1 il
Run 20 1-216.000 -\}\ l-0.570
Run21 [~ / AN [[osse
Run22 7/ \ 0.546
Run 23 \
Run 24
- 0.534
Run 25 0.540
Run 26 0522
Run 27
Run 26 / win »Bl0.510
Run 29 L208.000 L 128.000 2 10.000 Losio
Moldex

JUN 4.1 anuduiusveseulrluusaznisdnaes

£
= %

Ineniideiieeniuunmsnaaawieds Full Factorial ielinevitadeidwasannnn
YDUNUNAERNTINEAMIENTTUINMIARTUU Inedesgsinansevuves 3 Jadeinaniuds

MaNTnATIZANaNIENURD Quality Response Wag S/N Ratio Response lansil

411 HadnseinIsvaaesfinansynuse Ouality Response
gaunniivagumial (Melt Temperature) :ﬁmamwuqqqmm’aﬂmmwsum%umu
InediAmansznu 0.087426 uaziidnadiunisesuienunususiug s 82.27%, wamasiiu
(Cooling Time) Hnansznusetasn lnadamansznu 0.039385 Lavlldnaiun13e5uIunal

[
v o

WUSUTIUN 16.15% UarAnuiungngaan (Max. Packing Pressure) dnansenutiosiian tney
ANANTENY 0.012164 uazildna1uN1505UIeANUMUTUTIUNES 1.58% INNITIATISANUT
szaunnngaveusiazladefe aumgivaeuwmal seau 1 (210°0), ANURUAREIEER Seou 3

(150 MPa) wagiiavide S¥eUTl 3 (20 sec) MU 4.2 é’uﬁuéﬁugﬂﬁ a2
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Factor Effect

ANOVA

0.660 —

0.640 —

0.620 |

0.600 —

0.580 |

0.560

Best Contribution
Control Factor Level 1 Level 2 Level 3 Level 4 SS DOF | Variance
Level (%)
1 Melt Temperature 0.567895 | 0.626451 | 0.655321 | 0.087426 1 0.035717 2 0.017858 82.269732
2 Max. Packing Pressure | 0.62327 | 0.61529 | 0.611106 | 0.012164 3 6.87E-04 2 3.44E-04 1.583581
3 Cooling Time 0.635505 | 0.618041 | 0.59612 | 0.039385 3 0.00701 2 0.003505 16.146687
Quality Response: Warpage_Total Displacement [mm] {(Max) o

\ &
—
i \\
Run 29: DOE Warpage - Optimized Run
Melt Temperature ['C] - 82.27%
Mazx. Packing Pressure [MPa] - 1.58%
Cooling Time [sec] - 16.16%
T T T T T T T T i
210.000 220.000 230.000 130.000 140.000 150.000 10.000 15,000 20.000
Control Factor

Moldex3D

g‘dﬁ 4.2 n51UanIAINEURUSVOS Control Factor way Quality Response of Warpage

4.1.2 NAANGYDINTNAABITINANTENUAD S/N Ratio Response

gaumngiivasuwad (Melt Temperature) Sapsduiladeninansznunniian

TnedlApanseny 1.24774 uagildnaiunisesunenanuulsusiu 82.26%, nawaeidu (Cooling

Time) UANaNI¥NU 0.563403 Lazdldndiun15a5UNeANULUTUTIU 16.12 LazANUALAAEN

4980 (Max. Packing Pressure) Awansgvu 0.175972 uavildndiuniseduigninuuysusiu

1.62% MNMTAATIINUI seaunnnasvessiayladene aumgiivaeuwal seiu 1 (210°0),

ANIMIRAAEGIERA S¥U 3 (150 MPa) Uazkiavae S6iufl 3 (20 sec) MUMTWI 4.3 duWus

9 =

nugun 4.3
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AT 4.3 SINUNSANGVBINITNAABININANIZNUAD S/N Ratio Response

Factor Effect ANOVA
Best Contribution
Control Factor Level 1 Level 2 Level 3 Level 4 SS DOF | Variance
Level (%)
1 Melt Temperature 4.920406 | 4.065516 | 3.672666 | 1.24774 1 7.326068 2 3.663034 82.262217
2 Max. Packing Pressure | 4.122417 | 4.237782 | 4.298389 | 0.175972 3 0.143845 2 0.071923 1.615193
3 Cooling Time 3.949559 | 4.196066 | 4.512963 | 0.563403 3 1.435838 2 0.717919 16.12259
S/N Ratio Resp page_Total Disp [mim] (Max) W
5100 —
4.800
4.500 |
— /

4200 —

A

Run 29: DOE Warpage - Optimized Run
Melt Temperature ['C] - 82.26%
Max, Packing Pressure [MPa] - 1.62%
- Cooling Time [sec] - 16.12%

3.900 —

3.600

T T T T T T T T
210.000 220.000 230.000 130.000 140.000 150.000 10.000 15.000 20.000
Control Factor

Moldex3D

JUN 4.3 nnuansAudusYes Control Factor kaw S/N Ratio Response of Warpage

INNTIATIZRNTOBNRUUNTVIAGRINUTT gaunglvaeumailuledend

v
| a

HANTENUNINTARFAMNNTBRUINY Insdnansenua sl e amnBuULae S/N - Ratio

v
a o a

YugTAMUAUEndasgaiinanszvunonun mueiuueefian warluvas e maelundl

v

HanTEvUIasaan widwanudAglunsusuusmanmuaiun A ivengauuemniines

caa a

A d9 v o a a ) o o a3 S o
NIRANWINAGNSNANIAAE UVUVARUWAIMTEAU 1 (210°0), WHANNAURNLIGIEGAN TENY

3 (150 MPa), navaedudisesiu 3 (20 sec) Mviliiinadaslnselnesiu (Warpage Total

Displacement) JAi1U 0.535 mm.
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4.2 NM5ATIRENANTTIIRRINMAnd s RauluignuTul e (Optimal Condition)
Naanslinn1siaessaanataAntulusunsu Moldex3D tuazgnuuseenidu 4
Tnuany Ao Mswindial (Filling), Msdng (Packing), Mswiaetiu (Cooling) way N15Undlnwe

(Warpage) F9auN5aIATIERUaUNNInesingeg M nnsaanaainlanil

4.2.1 MAIATIERNISALLALURTWIU (Filling Analysis)

ey mylnssinaudisuedun agldnaded naudivedun

(Filling Melt Front Time) 1.2 3unfl faguiil 4.4 uaziimssuoinia (Air Trap) iintiu 3 9a fagudi

4.5 Fesosvindesszuisennie (Ar Vent) Tunufinsasnauiiuan 2 90 fagesmmsnauiin

1 135° enesliiAnsesnanuilieaiiulsidnau fsuil 4.6 dawgavie gamnilunsia (Filling
o

Temperature) JAgEA 219.92°C kag U339IuN13a3A (Filling Pressure) dAgdn 48.78 MPa R

aeflurnsvesnuaulian

9

JUT 4.4 afinfinvesiuau (Filling Melt Front Time)

U7 4.5 M38uenA (Air Trap)
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E‘Uﬁ 4.6 v98Usza1u (Weld Line)

Funzs

Fillng ampenice
Tiwa = 1200 vac (G}
ey

7 aumnin13da (Filling Temperature)

2

sUN
Y

5U7 4.8 useiunsdn (Filling Pressure)
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4.2.2 MIAS1EN5aAEN (Packing Analysis)

Tuduren1sang1ariansanlunuran1sgusi (Sink Mark) wagn1sviaea
(Volume  Shrinkage) #4ii8nEnatnNusiuazssugiantun1sing meeulunisdaiign
USuU399n DOE vilyiduauil LAan1seuagedn 0.051 mm AU 4.9 wagmviafigegn

6.361% Fa3Uil 4.10

Run 29
Packing_Sink Mark Displacessent
Time = 6.536 se (EOP)

.
i ¢ 5 £ § § § B E §8 OB OEOE B

M

5UN 4.9 n1sgus (Sink Mark)

anr

5UM 4.10 nM3uAsa (Volume Shrinkage)
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4.23 nMsATERnsuassiy (Cooling Analysis)

MNNIFASTTUUTEaDE UMl RUlUsunTy Moldex3D vinlinisunniaIu

a a P 4

SoUVBITUN UL ULURLNTUSLANT AN lNALABIN U FINAGNSHANIUTEANT NNVDIbU WU NWE S

al

Cavity 45.329% uazuilfinsitls Core 48.39% lneldszoznatlunswaidu 26.56 3uft U

Y

4.11

Run 29

Caoling_Cosling Efficiency
Final Cycle

Time = 26,560 se¢ (EOC)

46137
45332
45728
45523

n w. 46.318

gﬂﬁ 4.11 UszavSnwuessyuunasidu (Cooling System Efficiency)

4.2.4 mMwszinsiadlnige (Warpage Analysis)

mMsiinnstaflnweidnnalnensaansruuvasdugimnseuuvaaidulal
fiusvansann uashalumsuaedulsifiosiasyilfiAnnstaslnssefuintu dedeuluns
5®ﬁgﬂﬂ§uﬂ§\‘imﬂ DOE vhilsiiusuil SnsOnilrwelagsau (Warpage Total Displacement)
1A1gean 0.535 mm. uazn1sUndalawenuuuIuny X,Y,Z dA1gega 0.463 mm., 0.294 mm.
wag 0.439 mm. MUAIAU mugﬂﬁ 4.12-0.15 T/l amaAnA LA LANA RS LU 997N

Uanusifin fiAngega 11.735 MPa AUl 4.16



Ren

Wirpage T Doaplasamint

g‘d'ﬁ 4.12 Warpage Total Displacement

£

b
10861
0
pas
e
Tass
raan
521
ssay
475
3908
3220
1
0008

JUN 4.16 AnpunnAsuasnsindilnese (Warpage Residual Stress)

0§ ¥ & 31

PfF B %R B

A

gﬂﬁl 4.13 Warpage X-Displacement

56
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4.3 nsdaduguwanadndeiaosdn Toshiba EC100S  waziaadudndalisavos
Fuau

&N a0IMIBatuzUR 8 DOE 1aslusunsa Moldex3D uda mafideldvihnis
ynaesdstusUunumudoulsiisenuuuitanun 27 Jeuly ferdesdatugunanaiin Toshiba
EC1005  antuhiununmunluiannudngalnse (Warpage) #rewdesiiadn Mitutoyo
Microscope fisuvtisgnia A uag B suguil 4.17 3alddrmnudasilnsselunsastoulvn

AN 4.4

JUN 4.17 9pdannuiadiliase (Warpage) ¥09%1911

M5 4.4 wan15inaudasiliaevedunuidadusunatain 27 weuly

090 A 3030 B

Fueu | fred y iy , iy
1 2 3 Lafe 1 2 3 1afe

59U 594
1-1 0.395 0.390 0.414 0.400 0.355 0.372 0.382 0.370

1 1-2 0339 | 0376 | 0369 | 0361 | 0383 | 0340 | 0.359 | 0.368 | 0.356 | 0.363
1-3 0.370 0.390 0.400 0.387 0.352 0.364 0.373 0.363
2-1 0.424 0.446 0.430 0.433 0.348 0.360 0.385 0.364

2 2-2 0356 | 0375 | 0370 | 0.367 | 0399 | 0.347 | 0.402 | 0.395 | 0.381 | 0.382
2-3 0.396 0.397 0.396 0.396 0.380 0.406 0.411 0.399
3-1 0.426 0.425 0.463 0.438 0.399 0.420 0.430 0.416

3 3-2 0.428 | 0439 | 0432 | 0433 | 0418 | 0359 | 0364 | 0376 | 0.366 | 0.381
3-3 0.377 0.385 0.389 0.384 0.356 0.356 0.372 0.361
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ndn A 3nin B

Fuaw | Fregns 4 1de 4 1de
1 2 3 \ady 1 2 3 gy

39U 39U
4-1 0.377 | 0.397 0.407 0.394 0.292 | 0.320 0.354 | 0.322

4 4-2 0.321 0.365 0.376 0.354 0.378 0.379 0.394 0.387 0.387 0.367
4-3 0.372 0.388 0.398 0.386 0.349 0.402 0.428 0.393
5-1 0.379 0.384 0.384 0.382 0.372 0.368 0.388 0.376

5 5-2 0.352 0.363 0.372 0.362 0.388 0.403 0.412 0.424 0.413 0.392
5-3 0.417 | 0.421 0.422 | 0.420 0.364 | 0.396 0.400 0.387
6-1 0.366 0.383 | 0.391 0.380 0.367 0.391 0.383 0.380

6 6-2 0.378 | 0.344 | 0.401 0.374 | 0.384 | 0.364 | 0.398 0.401 0.388 | 0.377
6-3 0.407 | 0.375 0.415 0.399 0.357 0.384 | 0.349 0.363
7-1 0.447 0.448 0.452 0.449 0.421 0.425 0.426 0.424

7 7-2 0.406 0.403 | 0.410 0.406 0.410 | 0.363 0.381 0.390 | 0.378 | 0.412
7-3 0.373 | 0.366 0.382 | 0.374 0.428 0.439 0.436 | 0.434
8-1 0.400 0.390 0.410 0.400 0.390 0.410 0.400 0.400

8 8-2 0.320 | 0.324 | 0.328 0324 | 0372 | 0344 | 0.336 0.346 | 0.342 | 0.381
8-3 0.387 | 0.400 | 0.393 0.393 0.420 | 0.373 0.411 0.401
9-1 0.320 0.320 0.330 0.323 0.260 0.313 0.320 0.298

9 9-2 0.370 | 0.360 | 0.380 0370 | 0.337 | 0.320 | 0.340 | 0.350 | 0.337 | 0.333
9-3 0.310 | 0.320 | 0.320 0.317 0.370 | 0.360 | 0.360 | 0.363
10-1 0.330 0.350 0.335 0.338 0.350 0.350 0.370 0.357

10 10-2 0.380 | 0.380 | 0.400 0.387 0.362 | 0.380 0.390 | 0.390 | 0.387 | 0.357
10-3 0.350 0.360 0.370 0.360 0.320 0.320 0.340 0.327
11-1 0.327 | 0.310 | 0.311 0.316 0.400 | 0.400 | 0.412 | 0.404

11 11-2 0.410 0.420 0.427 0.419 0.382 0.400 0.405 0.410 0.405 0.405
11-3 0.410 0.400 0.420 0.410 0.400 0.410 0.410 0.407
12-1 0.390 | 0.410 | 0.400 0.400 0.344 | 0.350 0.352 | 0.349

12 12-2 0.390 | 0.391 0.393 0.391 0.392 | 0.380 | 0.389 0.391 0.387 | 0.366
12-3 0.387 | 0.380 | 0.390 0.386 0.360 0.364 | 0.364 | 0.363
13-1 0.387 | 0.378 0.340 0.368 0.462 | 0.458 0.493 | 0471

13 13-2 0.463 0.477 0.498 0.479 0.421 0.414 0.441 0.446 0.434 0.472
13-3 0.400 | 0.428 | 0.414 | 0414 0.516 0.511 0.511 0.513
14-1 0.413 0.418 0.428 0.420 0.389 0.400 0.404 0.398

14 14-2 0.444 0.455 0.460 0.453 0.494 0.418 0.406 0.419 0.414 0.422
14-3 0.483 | 0.850 | 0.495 0.609 0.438 0.414 | 0.510 0.454




M1317 4.4 Han1sinanudamilnsevesdunuldatugunanasin 27 Reuly (de)

59

ndn A 3nin B

Fuaw | Fregns 4 1de 4 1de
1 2 3 \ady 1 2 3 gy

39U 39U
15-1 0.390 | 0.396 0.390 | 0.392 0.400 | 0.398 0.410 0.403

15 15-2 0.471 0.472 0.469 0.471 0.421 0.353 0.354 0.380 0.362 0.371
15-3 0.397 0.400 0.407 0.401 0.341 0.350 0.350 0.347
16-1 0.453 0.461 0.450 0.455 0.460 0.446 0.452 0.453

16 16-2 0.352 0.346 0.353 0.350 0.399 0.428 0.434 0.434 0.432 0.413
16-3 0.394 | 0.385 0.393 0.391 0.356 0.351 0.360 0.356
17-1 0.360 0.396 0.400 0.385 0.417 0.423 0.444 0.428

17 17-2 0.391 0.398 | 0.390 0.393 | 0.392 | 0.411 0.412 | 0.417 0.413 | 0.414
17-3 0.390 | 0.399 0.400 0.396 0.387 0.400 | 0.418 0.402
18-1 0.433 0.444 0.450 0.442 0.400 0.402 0.423 0.408

18 18-2 0.495 0.500 | 0.495 0.497 0.464 | 0412 | 0.421 0.414 | 0.416 | 0.416
18-3 0.455 0.444 0.463 0.454 0.421 0.420 0.429 0.423
19-1 0.486 0.486 0.490 0.487 0.419 0.425 0.430 0.425

19 19-2 0.574 | 0.570 | 0.574 | 0.573 0.515 0.523 0.533 0.535 | 0.530 | 0.530
19-3 0.477 | 0.487 0.488 0.484 0.639 0.634 | 0.636 | 0.636
20-1 0.480 0.484 0.491 0.485 0.575 0.581 0.598 0.585

20 20-2 0.620 | 0.632 | 0.632 | 0.628 | 0.565 0.562 | 0.576 0.579 | 0.572 | 0.580
20-3 0.574 | 0.585 0.590 0.583 0.579 0.584 | 0.587 | 0.583
21-1 0.524 0.539 0.537 0.533 0.650 0.650 0.664 0.655

21 21-2 0.559 | 0.570 | 0.570 0.566 0.554 | 0.512 0.518 0.519 | 0.516 0.569
21-3 0.555 0.563 0.566 0.561 0.533 0.535 0.537 0.535
22-1 0.456 0.445 0.439 0.447 0.577 | 0580 | 0.584 | 0.580

22 22-2 0.582 0.581 0.594 0.586 0.549 0.589 0.594 0.597 0.593 0.569
22-3 0.606 0.613 0.621 0.613 0.507 0.533 0.556 0.532
23-1 0.499 0.500 | 0.502 0.500 0.528 | 0.540 0.549 | 0.539

23 23-2 0.523 0.551 0.547 0.540 0.504 0.513 0.524 0.523 0.520 0.529
23-3 0.467 | 0.476 0.472 0.472 0.528 0.532 | 0525 | 0.528
24-1 0.451 0.452 | 0.464 | 0.456 0.486 0.531 0.512 | 0.510

24 24-2 0.490 0.500 0.500 0.497 0.459 0.437 0.462 0.490 0.463 0.481
24-3 0.410 | 0.424 | 0.443 0.426 0.458 0.465 0.485 | 0.469
25-1 0.498 0.528 0.510 0.512 0.485 0.482 0.525 0.497

25 25-2 0.463 0.488 0.495 0.482 0.492 0.483 0.489 0.470 0.481 0.502
25-3 0.480 0.504 0.502 0.482 0.528 0.541 0.513 0.527
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M1317 4.4 Han1sinanudamilnsevesdunuldatugunanasin 27 Reuly (de)

0in A 99in B
Funy | degns 4 et p wée
1 2 3 1ady 1 2 3 1afy
39 39
26-1 0.467 | 0.492 | 0.483 | 0.481 0.450 | 0.473 | 0.457 | 0.460

26 26-2 0.495 0.506 0.504 0.502 0.518 0.531 0.546 0.536 0.538 0.518

26-3 0.554 | 0.561 0.597 0.571 0.568 0.535 0.567 0.557

27-1 0.496 0.511 0.513 0.507 0.496 0.511 0.511 0.506

27 27-2 0.455 0.483 0.492 0.477 0.482 0.550 0.534 0.535 0.540 0.511

27-3 0.447 | 0.476 0.462 | 0.462 0.488 0.476 0.500 0.488

ANNAFNEN 1PN IAAIUTAFILANI9DVBITUINUNG 27 WouluTadl 3 Juuse

'
=Y

Rouly lnelingine 3 Asswagn wasinlumetadesiuluusaztouly Jsaunsoaguainis

a o

Jaslnsereununtdesignfoieuled 9 Insimanudadilneiade fie 0.335 mm.

4.4 M3UTEuWisuNaansANUnRa1NaU89N159180MAN TAATUUFUY
Unadnsnlaanaadeaudadiliseluusazouluvenisdaeinisdntugy
WNUSgUgUAUNSAATUTUTUY Aen15197 4.5

(% [

M13299 4.5 nansIEUEUANUTAMILN9eY8INITINaR s TULRATUTY

. AAMUTAAILNNEIN | ArAUTARALLAeEEIN .
wauly . v Lo ANUAAIALARDY
N13971884 (mm.) FuUURAVUFY (mm.)
1 0.499 0.373 25%
2 0.479 0.390 19%
3 0.456 0.400 12%
il 0.49 0.373 20%
5 0.465 0.390 16%
6 0.442 0.381 14%
7 0.485 0.411 15%
8 0.461 0.377 18%
9 0.435 0.335 23%
10 0.551 0.359 35%
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. A1AUTAAI1LNNEIN | ATAINTAALLAeERIN .
Wauly . - Y ANUAAIALARDU
N19371889 (mm.) FUUAVUIU (mm.)
11 0.533 0.393 26%
12 0.512 0.379 26%
13 0.546 0.447 18%
14 0.527 0.458 13%
15 0.505 0.396 22%
16 0.542 0.406 25%
17 0.523 0.403 23%
18 0.500 0.440 12%
19 0.574 0.573 0%
20 0.563 0.523 7%
21 0.544 0.561 3%
22 0.569 0.559 2%
23 0.557 0.517 7%
24 0.538 0.470 13%
25 0.565 0.497 12%
26 0.554 0.518 7%
27 0.534 0.496 7%

M3AntugUinuaenasediu IneReulen 9 fdinsindalnsesiga (Minimum Warpage)

NAANSN LA 1NUTeU B ULEA LA MU LEUNS DA N TUNUYBINITINEDY WAy

A9 0.435 mm. Wag 0.335 mm. Y8IN1TINABINTTAN WarNIRATUIUTUNUMNAWU Tngila

anuaaandeuliu 23% Tudivesrinisdndilnsedsgn (Maximum Warpage) {Wudouly

19 A 0.574 mm. Uag 0.573 mm. ¥8iN1391804N152A UazN1SAATUFUTUTLANEAY Tl

JAANuraaLAdau
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unagluaztalauauuy

5.1 unasy

msfnlsjatiunsuszgndlilusunsusameimnssu (CAE Software) LiaUsy
madiwoslunszuiunsdatusunaraindieandaunmiesiiiatulunssuiunsuan Tneld
wmAliAN1TERNKUUNMIVAGRY (DOE) Tauiudsilusediumd (FEM) IneilTngusvasandnlunis
mensfwesfianyay Welrldumuiifnanmgs asesde waxfissyavsamlunssuy
mswdn TnnsreaesmuT TUsusu Moldex3D @nansnd aoanszuiunisdstugunanain ¢
ogauiug Inelinadnsilanansniludsulgsrmisdimesdfey 1wy samgivasuazany
(Melt Temperature), mmé’fuamﬂgwqaq@ (Maximum Packing Pressure) wazlaantun1suaiiu
(Cooling Time)

n3ld DOE (Full Factorial Design) lunsnaaes silanunsaszyeivsnzaniign
vousazafefidmaronuamuostununisuiusmsfinesmunadnsuenisiiaes 4
andaunnsmsnfinuyes laun anseueIne (Air Trap), $088UM (Sink Mark), n15Uasalns
sov0stuNY (Warpage) kaznsiinsesifiestszan (Weld Line) TneTagiidenld PP-TD20
(Polypropylene-Talc 20%) s'i'faL?Jui’a@ﬁﬁaﬂuqmawmsumuauﬁ mmﬁaﬂ%’ummiamﬁﬁugﬂ
Thvnzanl dealsindntuduiususosus uastudunslusosuifitinaningsiu

lpgagu nsld CAE Software mIudfiu DOE way FEM aansagigantaunnsadly
nIvUILNISERTUgUNAaRNIFaEsiUsEAVB A vilsinssuaumananiiatiosan andumu

NINEN LAZNSNIINITHANTUIUTLALINTFI

5.2 8AUs1ENA

Hosenamnaeddiunudnuaendesdiviiun 100x75xa5 mm. Taglitan
PP-TD20 %aﬁﬂﬂgﬁ'miaamwumimaaq (Design of Experiment: DOE) wuy Full Factorial
Design TntadamuaNdiuu 3 fauvs udaviadouiadu 3 seiu dwalviAndeulaluns
$raesionun 27 Heuly nmsFnvmuiismsiiesvanzaufigafiliuanstnglnse
Ine573 (Warpage Total Displacement) m‘"wﬁlqm (0.435 mm.) f® QmuqﬁwaauLwaaﬁizﬁu 1

(210°C), U59ANUAUANEGIEANTEAU 3 (150 MPa), waznAWEaB UNIEIU 3 (20 sec)
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uonani wadnsTldnnnadisudsussrinnsasuarnsintugUass Suang
Wil iferusenndesriu Inewuitleulad 9 fensOaslnseregn (Minimum Warpage)
oeffl 0.435 mm. 9nMmsdaes uay 0.335 mm. MNNsaatugUass daeunaaindoust i
23% dhuiteulaii 19 fiAn1sUndlnsessan (Maximum Warpage) agjﬁ 0.574 mm. INN13
1809 uag 0.573 mm. MNM53RTuzURSs taglifidnanunmaedou Fermueaanieut
avioulifiiuieanuaunsalunisaansaiuuiliungfnssuvestunudeisnsdiaesdiogly
inasieensuld egrlsfiniy mwemaedeuiiintuenafiaimgunanar il susuvesan i

a a =® o ) v A Al M v
nMInandseTdedan vseladedunlilaniuaslunisnaaes

5.3 Yaiduauue
a ¢ - ~ a 44' | .
MIATRikazlIsUgUmMATIANSERNLUUNTVIARBILUUBY WU Taguchi Method
38 Response Surface Methodology (RSM) ilenisniiusednsamasanlunisandaunnses
rosuNY swlUinsfnyneiukansenuien ULl wBLNUAlAIINNSEUIUNSEN
FuzU laeni Finite Element Analysis (FEA) 13insnziinanaudausivasiassasistiuauilean

ASUSUAMNNSTLHDS
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Moldex3D Molding Process Sheet

71

Model
Customer Mold No. Project Name Mesh File Name Run ID Date
l Thesis Final Box Mold.mfe Run 29 Mon, 26-05-2025
Part Dimension (mm x mm x mm) Runner Type Part Count Total Part Weight (g) Total Runner Weight (g)
75.40x100.65x45.00 Cold Runner 1 43.8587 0.946602
Polymer Producer Grade Name Fiber (%) MFI (g/10min) MVR (cm?/10min)
PP LyondellBasell Hifax X M2 U16 0 12 (230, 2.16; 14.2796 (230, 2.16
Manufacturer Grade Name Serial No. Clamping Force (Ton(m)) Screw Diameter (mm) Screw Stroke (mm)
Back Pressure (MPa) Screw Speed (rpm) Suck Back (mm) Dosage Stroke (mm) Cavity Core
| 35 | 35
Barrel Temperature (°C)
Noazle H1 H2 H3 He

Flow Rate Injection Pressure
10000 10000
9000 90.00
8000 — 8000
= o f T0.00
; 6000 2 e000
& ww 2 %00
3 4000 § o
2 o i_ 00
2000 2000
10.00 10.00
a0 000
000 1000 2000 3000 4000 5000 6000 7000 BO00 9000 10000 000 1000 2000 3000 4000 5000 €000 7000 6000 9000 10000
Time (%) Time (%)
Sections 1 2 3 4 5 6
Flow Rate % 50
Injection Pressure % 100
Position
Time sec
VP Switch By Volume Filled 98 (%) Maximum Filling Time 1.547 (seq)
Max Pressure
Section 1 2 3 4 5 6
Packing Pressure % 78.5714 62.8571 50.2857
Time sec 3.216 1.072 1.072
Max Pressure Packing pressure refers to machine pressure
Close Plasticizing Injection Packing Cooling Mold Open Ejection Cycle Time
119 5.36 20 S 31.55




Material

Melt Temperature
(minimum)

Melt Temperature (norm

Melt Temperature
(maximum)

° ° ° ° o o o »
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Filling_Melt Front Time

-
e e i v
P 130 s 00

=
s PR

Mell front advancement is a position indicalor as melt front boundary movement in different time duration in the

filling process. From the mell front advancement one can:
-Examine the filing pattem of the mokding

~Check potential incomplete fillng (short shat) problem

-Identify weld line locations.

-identify alr trap locations

~Check gate contribution for runner batance

-Check proper gate location 1o balance flow and eliminate weldline.

Filling_Air Trap

Rt

P R T
T = 1350 s0a 1CF)

Eiﬂ:{}‘
H

[P

Filling_Weld Line Meeting Angle

oy
[ ——
Fie 00 501

i

w Molden wme i

g

Display meeting angle distribution on weld line,

Adr Trap

Histogram

Fitng_Met Frore Tiene e
O% 10 Z0% 0% 4% W% 0% TON KOS GO 100%

10068
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B s
s
o
. s
—

5o

a3
2200
st
a0

Tota 100.000% |8 0000 MAKS 1700 Avgs 05V | SO% 034

Max
1.200

Avg
0.599

Min
0.000

sSD
0.342

Moldex3D

Moldex3D

Histogram

Fitag_ i Lone tiegtng Acis Becl
W17 20 30N A0% SO% G0 0% 0% BOR 100N

CED

| kel = 803,600 % M+ 1 7701 Maxs THTT: Avgs EHR: SO 1AM

Max
139.977

Avg
102.292

Min
83.778

SD

19.174

Moldex2D



Filling_Weld Line Temperature
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This result displays the recorded temperature on the potential weld line as two melt fronts meet.
Filling_Pressure
P s
om0
-
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e
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e
s
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il -
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e ModexD wEes L - 5
Pressure distribution of the cavity is shewn In different colors at current instant, Based on the pressure drop and

distribution, users can revise the part and meld design. From the pressure distribution one can:

-Avoid overpacking and flashing of melt
~Examine the extent of packingholding.

Filling_Temperature

Bn o]
T 3 1 01 -

o
By i "=
e Moldec HEe I

Plastic melt lemperature distrbution at current instant. Fer 30 calculation, the temperature distribution
‘expresses temperatures In all three dimensional for the fully cavity.

Histogram

e —
O o ST D o T A
I

ateh

i 990000 % Bhn = 207 914 Mo s 20896, Avg = 30019 S0 =200

Max Min
208.396 201.974
Avg SD
206.129 2.006
Moldex3D

Histogram
[ep——
O 10% 20% J0W ao% S0% cOW TOM BOW GO 100
wre
|nasn
s
| osen
wa

Boms
Lo
Joers.

Teea = 100000 % WA= 0400, Mavs oG THI | K = 0237, §0% 8154

Max Min
49.783 0.000
Avg sSD
26.227 6.154

Moldex3D

Histogram

g Tarmseeaban ] 1
O o 2w 0w et So% 60 Tol N BOM 00N

Total = 100.000% M = 1541 Max =298 50, fup = 12518 $D=42410

Max Min
219.920 63.581
Avg SD
182.516 42.410

Moldex3D



Filling_XY_Sprue Pressure
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Max Unit

49.784 MPa

Moldex3D

Filling_XY_Clamping Force

b

Moldex3D

Packing_Volumetric Shrinkage

an ™

U e e Histogram

S oo Max Min
Er

= Renier cuma -

o = A 7.070 -1.604
Volumelric: shrinkage shows the percentage of part volume change due to PVT change as the part is cooled
from high temperature, high pressure conditions at GUFTEnt INSEAL 1o FHOM temperalure, ambient pressure Avg sSD
conditions. Positive value represents volume shrinkage while negative value represents volume expansion due
to over-pack. Non-uniform volumetric shrinkage will lead to warpage and distortion of demolded parts. 2558 1.961

Moldex3D



Packing_Frozen Layer Ratio
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Saolidification caused by cooling results in the forming of frozen layer near the cavity surface. With the increasing
of time, the frozen rallo increases, The increase of frozen ratio not only reduces the cross -section along the flow
path, but also increases the flow resistance and sprue pressure. Furthermore, the residual stress and flow -

induced orientation will be affected.
The attributes of objects referenced in the thickness direction calculation are handled according to the following

rules when multiple objects are present:
1.The compression zone is excluded from the calculation. If cold runners or hot runners are present, they are

treated as separate entities.
2. The averflow is cumently Included as part of the pant and is treated as a combined entity with it.

Packing_XY_Part Weight
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Histogram
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Moldex3D
Packing_XY_Total Weight
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Cooling_Temperature (Surface)
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Surface result shows the on the surface of the object throughout the result
display domain at current time siep,
Cooling_Cooling Efficiency
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This result shows the cocling efficiency ef each cooling channel. It shows the percentage of heat withdrawn by
1ne cocling channel,

If Qi Is the total heat flows into the I -th cooling channel surface.

When Qi is positive, it means that the total heat is absorbed from its surface and the cooling efficiency is defined
as the following equation.

Cooling efficiency =QUQa+Qma *100%

where Qa is the lotal absorbed heat through cooling channel surface,, and Qma s the tolal absorbed heat
through mold surface via surroundings.

When Qi is negative, it means that the tolal heat is released from its surface and the cooling efficiency is defined
s the following equation

Cooling_Frozen Layer Ratio
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Solidification caused by cooling results in the forming of frozen layer near the cavity surface. With the increasing
of time, the frozen ratio increases. The increase of frozen ratio not only reduces the cross -section along the flow
path, but alse increases the flaw resistance and sprue pressure. Furthermore, the residual stress and flow -
induced orlentation will be affected,

The attributes of abjects referenced in the thickness direction calculation are handled according to the following
rules when multiple abjects are present:

1.The compression zone is excluded from the calculation. If cold runners of hot funners are present, they are
treated as separate entities.

2.The overflow Is currently included as part of the part and Is freated as & combined entity with it

Histogram

Avg
50.694

36.465

SD
11.261

Histogram
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Warpage_Total Displacement

e -

Ea.n
—

[

. Mokdex10) i el

Shows the length of the total displacement vector {All effects are considered) after the part is ejected and cooled
down to room temperature. The value is relative o the model coordinate.

Warpage X-Displacement
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Shows the X. of the total (Al effects are ) after the part is jected and
cooled down to room lemperature. The value is relative 1o the model coordinate.
Warpage_Y-Displacement
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s
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Shows the ¥ of the total (Al effects are after the part s ejected and

cooled down 1o reom temperature, The value is refative 1o the model coordinate.
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Warpage_Z-Displacement
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Shows the Z. of the total (Al effects are after the part is ejected and

cooled down to room temperature. The value is relative to the model coordinate.

Warpage Von Mises Stress
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Von-Mises thermal residual stress of the ejected part.
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