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Abstract

The Injection molding process is one of the most extensively used for
manufacturing plastic processes due to high productivity, high efficiency and also the
manufacturing of the net shape or complex design parts. In general, the finished plastic
parts are growing trend towards using in automotive parts, electronic appliances and
require more direct appearance surfaces. Nowadays, plastic injection parts do not need
to be painted or coated with the manufacturing processes and weld marks on the
surface parts must be completely eliminated. The objective of the research is to study
the effect of gloss on plastic parts. The study has been applied the parameters as
injection temperature, cavity temperature and injection holding speed. Using ABS
(Acrylonitrile Butadiene Styrene) materials and design of experiment by Response
Surface Methodology (RSM) combined with Central Composite Design (CCD) to
independent temperature variables. The results of the study were estimated the
maximum optimized of gloss surface were the parameter values of injection
temperature at 223.18 °C, cavity temperature at 76.82 °C and injection holding speed

166.82 mm/sec, respectively, on the 95% confidence interval.
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waznIsunssdeuseu TumsfoRudusanunsafnssnuiutuauseufintuvaues
\nsesdananaRndsazvinliaudeuliinszanegneuenuaniumsinmannanufou 3q

aunsasuaINIsauganskanilisuauTaululafsaunisn 2

0,+0,=0
(2)



[y

Wandauseuvesnarafinasuwian anansaleulugduuvannsi 3 lansdl [3]

Tnen

Wangmusouveavaeduiiduiusiuna aunsadisuluguwuvaunsle dsil

Tnen

C

~,

T BRI

0,

~
S

R

NN

_ .S
Qm :10 3[(’wp(TVM _TE)+lm]p5x

=4 1

Ao A1AUTEUTUNE (J/ke.2C)

A ANUSaULHIBIWaNERN (k/kg)

(3)

A9 ANNUILUUNABLIAAIVRINAIERAN (g/cm?)

flo SrEENIENINgAAUENa1guaaLEY (mm)

AD AMUNUIVDITUIIU (Mm)
Ao eUNNVIABNMAIYBINANERN (°C)
g auniivanuu (°0)

v 6

[

-1
1 _
(TW _TC)

-1
=10‘3(ltf+tc+lt0 _31
2 2 10" and k,

A9 Lamglunisas (sec)
Ao taniglunisvastdu (sec)
A9 LAkl UAUARLRLN (sec)

U [ 1

9 ANFUUTEANSATANBAIUNTDU

o) !

¥

Ao duruAudnatIeIgnaesdu (mm)

1N15UNAUS D UVDILUANN (W/m.CC)

o))}
(o)
.

Q. s

Ao AduUszansvesgunsamidngnaadu
& a 1 a s 1 a ! <

Ao gumniusfisineusunaetdu (°C)

Ao sumfifldlunisuaeidu (°0)

Y

tSe

(@)



dusudninavesiuisgnaadulunmsihenuSeuaunsadewduaunsdulse-

Yo

ansvegunsamindingnaedu (Shape factor, S ) sawandluaunisi 5 [3] Lagisil

27

S, = :
ln[ 2xsinh(27y / x) }

7ed
(5)

ANFUUsEANS NsaN8mMANS DU (heat transfer coefficient) YastivaaLduanuise

v
v

Weulansaunisa 6 [3] sadl

o 31.395 Reo_g
d
(6)

v

Weotsdluantianues (reynolds number) laaingunisi 7 asil

(7)

el u A9 AnuSwesivastiu (m%s)

v fo anuuiavestviaoidu (m/s)

[

wanfildlunisuaeldud niutunusunsusiuaunsasualianaunisi 8 fedl

(8)

& g

lwnddeilllunisfnwiaiuieukazgungindinadeninuiuinue st udiu
waraRnvasuvaaniinisgaydeanuioulutesninisinaensasiiiiadymnisda iy
Fuauls Jagtumelulagnislirnusouawwdudiuidnishiaiiuieuainaigluas

NEUBN Avgnway MsirnusauaInn1eluazidunsatemauSauNIuteIN1InIstua



v o
ad v 2 o @ o

Inglown (steam), U5 (hot water) n3ednmas (heater) azyinlvilagungINNIAAUN

Y

3 |

UL WAAINTUAINNTULNYDITUIIUILLLUARNILUALN AT IAANUSDUINNAEUDNIL A

o el ' A vy a % 3 a Py 2 Y] A Yo o v
Haanslandy ielilimsaydeanuioutssnanuayliduudemasnuy msdenldianily
Vudinidndudeudontanmaniudiniiivanzaudunismumuausousaznsvens i

Ae

2.3 néNN13YB AT TAAINIILLN

rsesTnAuTuL (gloss meter) g m’%iaﬁmmamﬁ’amsazﬁammwuﬁuﬁwaq
inq YnpilinaaeuivarnvaneUszamdedinadnuasiinandeiugy slang (non-metal) i
auantAnsagiiousnnidenslunistaun 4 Gaenduisaining vielans (metal i
aauRnsagyiounadldinniyndn q Willdinisnmsinanusunddyuiiunndeiuly
muszaningnageunsUszandltsuveasesinnnuunfiifldiuegsunsnansdmsy
nsmuasAmn WAL luAgRAINTTIYY gRanTTITudIuE UBLRLaEBIEnnsodnd
Jusiu

drutsznavredinIssinmuiuiaila ey lunda 1n3eeinaiuiiuien agdl
druusznoufnansluguil 2.2 1un 1. naealil (Lamp) ivhifuuvasindauaaioag
vuimnaay lnsuasnvaonliiudosiiuaud 2 duionuaudnvasuasinnnszmuin

noaaulmduduIuIUy 2. Filter Detector YuTNAnSIATALAINALTDUIINRITUIU

Ly Detector

MEATUREMENT OF SFECULAR REFLECTIOMN

JUT 2.2 ndnnsvesnsinadudine [5]

e sinAuiueaglddydnual GU (Gloss Unit) lugnaminssuiininaiy

wrluae 0-100 GU Lawd geaivnssunanainiafeaud (non-metallic coating) d7u
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PRAMNTINNTAAMULTAATLANNIEININYY NNk FesldiaTesinndgunisinniny

9 Y
118989 2000 GU minanifiaansiangdndy 2000 GU i Tanlussla azlaildmiiedn GU us
aglilu Anvesiduduasuasiannizny Jeuaazyueamazaiusaldinnnuduniy

AavaNURvesTan Aauanslugun 2.3

nﬂ
20° High gloss paints (auto), Plastics,
Polished metals. Polished Stones

45° Anodized Aluminium, Ceramics

60° Universal - Faints, Metal
Plastlics, ate.

75° Paper & Card

85° !u'lalle- paint & surfaces
in military, furniture

auto interior & aviation

Sample

U7l 2.3 uuil¥inemn (Gloss angle) 5]

9

31n3U7 2.3 yuilgiaanualaeialuudaiiey 3 yu fie 20°, 60° uaz 85° 4013

Tdanuiumnansfiuluauanuaunsalunmsasvieunavesing lneyuvuiadn 20° agldin

= 1

Furuiiamiutugmietusuadeviviedauidussnd daulngjazieianuiuaiogi
111N 70 GU dautunuiiiinnusunsiiaglduainiilngtuil 85° demuduinagdin
10 GU Sanemniuasansnaendldiosdafosiliyuniieiu daumiavun 45°
wli¥atunulssinmesdendn Amevieegiidouuazay 75° wlifaluiunulssinn

NITABNIDAINUNAG

v
av A

Turuadeiifuamuiteiorfuanuiueresiudunatain lnefnuseiuves
muunusniiuisniufeddiatesiiofaiisesiuyuinfivarnvaiedhe annsnm
WUTATeTAAILTIIYITUILNINTIU ASTM: D523 flnauanssaifieaneiiasin
Juanudism 20°, 60° wag 85° Fuvanzanfuiununarafndnnienarafiniud deawnsate

lonsaudu 3 yulalunanfeiv

2.4 n1sanuuuUNAad (Design of Experiment, DOE)
mseenuuuMIeaetdunaianiaintugentdlumsusvannzvenssuiuns

A 1% [ d' £ % = v 1 1 aca v v a
LW@I%@N&@@U?M@QLUUI‘UG]’]@JV]Lﬁ’]G]’ENﬂ’]i‘(NsUE]LLG]ﬂﬁ]ﬂﬂi%%’)’]ﬁ'ﬂﬁﬂ?ﬂ@ﬂﬂ’ﬂﬂﬂllL’Vlﬁ‘Nﬂﬂ’]ﬁ
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(%
LY

2ENLUUNITNARDIAD N1TABINAABIYNNITBNITNAABIUTUAIAINTEUIUNISALAT (One-
Factor-At-a-Time, OFAT) daulugjagerfaaugiuglunsufifvinningedmsudnlud
Uszaunsalasyililananeuauesimdnyaandmanelaedadunnuasdudemsnensly

v ¢

mMylasgisuidienuteyadnuauuin Bnvadilimngdunszuiunsnfinnuduiug

SEIINIAILUTDATTANEAIRNIY

D

dmsunuistluadifidenldnseenuuunisvaassuu i iuionevauss eaxdl
fumouniseanuuulneidontladonarsyauresdade euirundnuazanizn1wes
AnudusiusuosiiuUsdasedneg amaaeuindanugitinisnevauaiionnuusiug1veq
szuuinfunsesnsuudunsaneulndniieansiuausiegidlunismeans Tngldudnnis
msndnmansiievinsiiasesideyauazasunanisfinduninugniesdsanunsauenlein

J238NanDAUNULIIVBINITRANAARN

v
A a

2.4.1 FWNURIPaUaUDd (Response Surface Methodology, RSM
FFNURINBUAUDY LTUATN1TIIVTIULDINANNITNAMAFIAAS WAZADANIAS4

wuuIaeskarlas Izl Ingnanevawesiisnaulalgduegiunas Uiy Jagnnassd

Y

[

T UTzaIANaE AN LaUNgAY8IN1TABUAURY NAIDE AT UM IUUIAUVRS
NanauaLed y Wuilaiduuesiiuusiu x, uae x; svaunsadeuluguuuaunislansaunis
79 fail
y=f(x,x,)+e

9

P89 € A9 ANAIURANAINVDINANDUAUDY y NUNANIAINNITNAABS

lavdiuninudlsvuaninansvauasrasiiudndugunsniinlaenaunis
NARBUALDY y 3wQNNADANUIEAUTDY X, WA X, WBLVkanWAUNE 15U 190N URINDUALDS
(surface plot) Tridnlaladreagnaemdulnsasia (contour plot) Tnen1sa8AIN LU top
by d'dy v k4 14 1 dy Y aa
view aqnniuszuvasiandlugy 2-4 lunisairadulaseined dunliAvemanauaues

AITIREQNIINVUTEUIU X, kT X, LAgUAAzIAUILiAINEIvaeNUNInOUALBIIWINAUAIMI
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Held Values

x3 20

85

| ~
7 v-‘

08 10 12 14 16 18 20 22
x1

80

1

JUN 2.4 URURInoUANDY (A1uE18) wazidulasas e (A1UY37) veasaumsiuiinouauas

Tutlynudeaduiuianevausslagdiuninazlulinudunusiunanavausiuas
fanUsdaseranad te91nawUs LA eIt af9@e9i NN g1 99901 A9TUTUKINLS)
o I~ ¥ L dl al' [V~ LY dy 3 ) [y} [ LY e‘a"
I TUABIMAIUTEUIUN ST UNL AU N LT TUF L NUL U DIA LS NS UARIANUFUN UGN

WYID39TEIIVINARDUAUDY Y LAsFILUIOATE X, X X5, o, Xn BIRIMUNALAIVETTNIATUNN

o

= 5

UIWARA1E919 AelanneTosiuaINENNUS U ILTDIRIUTOETY X O ILUUT1803UDY

@ a Y v v a I3 1 1 ~ 1
HaneuausulusUkuudaduiuiuUBase Arvanunsadssanarlalidenn Weasnlid
AuduTusIiugeuiusenInduUsBasemeiu dmsuiuuinaemyuiniamilsannse

Weoulaseaunisa 10

k
)A’::Bo"'Zﬂixi +é&
i=l

(10)

a cav 1 a v A a1 [ a 19
ﬁuﬂqiwqﬂﬂm@ﬂqamiﬂ‘lﬂLSUQLﬁu‘Vﬁ@E‘ULLUUﬂi']WiJﬁ'JUIﬂ\TL?J']N']Lﬂﬂrisﬂaﬂiu33‘U‘U

N v v

andunnuiuildaziisuduigu tielikuudiaeslasunsdnafesiuannuduasann

[ '
=2 ]

B9UU @UMTN 11 ULARSAENNSNYUNNDUAUEBY

k k k. k
j’ = ﬂo +Z:Bixi +Zﬂii’xl’2 +Zzﬁijxix./ pr
i=1 i=1

i=1 j=1

(11)
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s

e B, fo AduUseansaunIseuius

A9 ANLNUVDIILUTDATE i

=

=

Ao ANWNUVDIIILUTDETE |

|
v v §f v v v =

NEANUFUNUSHANDUAUNTIVDIFINUT |

[

1FUUTY
s

NUSTANSAMNIUNUGIINVOIF YT | Uae

o))}
©

3.
AN

s [ v 6 v v (%

NIAIUFUNUTUANDUAUABIVDINILLUS |

3.
€
x
ee
faM))

2 A

2 A1

Db

SRR
o)

AD IIUIUMILUSDASY

aunstgmiuiduannagliuuuinasduaunnisuazasd LAIINURINDUALDS

'
L2 =

d' = 1 = o [ 4 o < aa ! (J o LY
mauiaumuwmiwmuwamu mL‘LJumaﬂsfﬂiJsLmimmLi%gﬂmqaammmammmmmuau@w

g9t luns3deilaldlusunsy Minitab 1uiivedlglunisAam

2.4.2 ﬂ?i@@ﬂLLUUL%UW%ﬁ@@MIW%@ (Central Composite Design, CCD)

nseankuulunSansulndndunisesniuunisnaasdnenlsseaueanilu 3
seaulunsasdumdausledu -1, 0, 1 tlefiagAnurlusulsdasyais 9 wnuazUsusa
wUsiazAnwiluauasunuuvesiuusiassuaveioaiiu (full factorial model) w3old
oE9anun 3" #10879 FedAnwaRauUsienae 3 dauds avldFegiaaau 33= 27
9819 ANwIFILUS 4 A Ndadld 3°= 81 feg wavynfeInsAne 5 MuUsnaedly
VAW 3°= 243 fBE19 LUIMNIVBINTTNARBISIUILING lnaNdenIs AL Tun iU
onamnssudwilfAsnansnan niwensildsudsalddeiiiatu masenvestlamil
fisnetansnaasssiuIuan bz esasnnldidenulsiietawseuniannEnsnnased
Suduhduiiiolilddeyaifivanoranismaassatrsuvudiaosmiadnldagdnsiivg
AUENNUS YOI ILUSHEN (main effect) AnuduuS TR oty (interaction effect) way
AnudNsiusLuUidsanemdegunuuRiamlAe (quadratic terms) Tngldmsnennslsiaan
uiuly

dm3unmsinmniseenuuuiundaneulndnlneiiiuUsdaseimun 3 dauusay
Usznauluse 3 diu laun 1. yaunnveidea (factorial points) Wunisirdadeseauaes
wuvwnvedeafiy (two-level full factorial) ududrunilwesmsnaaes (2° = 8 feg1q)
2. 99unu (axial points) WunsUsuAdLlslafuUmilduvuiisfulsday q diumis

agfiAINa1 (M30A1 0) Waw 3. ANINAN (center points) LUNMTUTUAIBIRILUSTIAINGY
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(W01 0) AIuaRIFUN 2-5 lagr1 AL A seegaIniauvinnaisealudqanenans wazen o =
1.68 Ao s¥8¥a1NYALNUlUEgANNaeInIsAnyIanaa 3 FuUs vesumazAaLUsh

AU liannans1en 2.1

a a
°
-a
@
® «
©
a =
Factorial Point Axis & Center Point Central Composite Design
U 25 MmssenuuuLiunianenlndndmsusuysdass 3 dus
ANSNT 2.1 SuuTesIetsuazi e 9 Aufus uuiuldase (6]
Point n=2|n=3|n=4 n=5
Factorial points (2") 4 8 16 32
Star points (2n) 4 6 8 10
Ccb
Center points(varies) 5 5 6 6
Total 13 19 30 a8
Spherical design ( O = JE ) 1.4 1.73 2 2.24
Choice of & 18
Rotatable design (XX =| 7,4 | ) 1.4 1.68 2 2.38

2.5 WUUIIABINIS A luNsTUIUNITRANANERN
UL N ATIIYNNIULINITUINIVDIABUNILADSUILDDNLUULALILATIZIUNI
AFINTTUYRINTEUIUNINAAV UL ALLAZTUNBUNTAANAARN A111TOVITUEAMAINVDS

FuuneunIanITILazlesiulen1 710133z AnTulUTE NI NN THARRILAN 15N LU

De

LUALN N5UNUTNTUABUNLADI VY DDALUUBALILATIEMUNIIAINT UL LTI U078

al

Tanlaa1n159191u anAldanekasausausunsgaunanyinlalaaigna o suaiugn

Y
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luswideillusunsuimiunldazldlusunsy Moldex3D R14 Tun1siaesgmumngiinieg i3
A ea a g ad o = o & a o & 1 a
YosusluidananainilenInuTeuiieufivduanuass udasunaesnuidudinnuianais
- o < ! a ¢ X v d' a a ° [ Qv o
dieldlunsimuailummsilinesiugulunisusuauasednnanafindmiunuidedaly

drmfulusunsu Moldex3D R14 WulUsunsufidnassgluvunisivavesnanasinly

%
v w1 a

wilfasititedrelunisusussdamsafmedaneg lulusunsudoudaasonindu nmsiduie
WanaRn ALY ANusuE nainsudeu Wudy dnsunisannatlunissenfiaiesin
wanainesednads ludruilazaunsasiaesnisinave sTusuuaznsIaaeuiTnaia@nn
wasuarlnafuuifiniviold asiedeusundisesideniiingy LLazqmﬁgﬁﬁwﬁm 9

Yuzan fananslugui 2.6

Before After
Standard cooling simulation result New solver coupling simulation result

gﬂﬁ 2.6 MITasamslvavesnataintulusunsu Moldex3D R14 [7]

2.6 NMINUNIUITIUNTTH

mMsnumuauAdeiiieites §ideldinsmdeyalugrudeyaunsgiusing q e
LU www.sciencedirect.com LagUyNANUANE fdendostuauudfusinaiain waiianis
wanvasMsaanaann (us Taeldmusrideiiietosisielud fasulumeed 2.2

o

M3 2.2 a5V MNEITe

YU UNANUN $7929UIINUEUD

e

a19uh

1 D. Eric et al. [8] 1999 HANTENUVBINITIADIAN)UBILATO

AANAARNNAINARDFLALAIINL UL
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il AT ViiARuw Wadsnuiseiinaus
2 L. Shiying et al. [9] 2009 nrsUsiiiumIAlI uLdug191n
NANSENUTDINITAZTauTidinar oy
LazALT UL T Y
3 W. Yu et al. [10] 2011 nseenLuUdRlusRvesvierasidu
wuulA9E081959AL57
4 A. Alban et al. [11] 2012 ﬂﬁaamw‘ugwa'aLeﬁumaam%qﬁ@
wanafnfivzanfiaalnglifiuginan
mdnaLMsALSoUTINIRY
5 H.S. Park et al. [12] 2012 AINAILINITRANANERNYTULUAVD
Fudrutalaaudenilusasudiile
Aandey
6 M. Packianather et al. 2013 AN IMENNITOENLUUNITNAGDITIE
[13] mmmmzamﬁqmaamiﬁmwamaﬂ
seauluAsou
7 | W.Gui-long et al. [14] | 2013 N1999ALUUYIOINAIUT D ULAZAIIN
Buluwlifiniaananafnvestuaiuey
YUARIYIDNTLIIAINTDULLRLA
8 Z. Shayfull et al. [15] 2013 N1598NLUUYIONADLEULUUAIY
sUnsamthinwaslunifisidanatadn
9 D. P. Gruber. et al. 2013 mﬁmaaqumaa%uaﬁuamwaﬂaﬁﬂ
[16] #2938 nsuenfiuaindunoulnali
599457
10 | N. Shih-Chih et al. 2014 AM3AUANN1TINI98T8 T UIUER
[17] wanafnfifudsurslaeldnannisiugiu
VDIQUNNUNUN
11 | E. Kunnayut and W. 2015 svuunaeLfunuurlasivesuslfium

Kittinat [18]

AA$199INNTATAUVDITUMAN
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9NeN5971 2.2 D. Eric waveae [8] anwdninavesnsfiweseineg filkaneddu
wararmifuvestunudanatain msiwesfidsandnretunufe guvndvosusifun
(mfu) wazgamglivesvieviasunanain (AuFey) fdwamniian waziladesesasn
Ao Amuslunsaauazausundu

Y. Shiying wagany [9] AnwIN1SnsEar8vedninaiifinasenuiuiaIainnisean
ﬂiz‘musumLLaﬂﬁmnaaulﬁmﬂgﬂmw Tnesaesnsunsnszaneesnuenduluwiazian
Auaznsinese Fwaildsuannismumauasnsinsdinawnnsstuseniuluusiazainy
s1RauTesaziand Wefnwmuveduedaeduumdunmsifodmsudue
fflnududeuresgunsdunisesnuuulusuian

Aaa 1 o '

W. Yu wagaae [10] ﬁﬂmwaﬂssvmﬁu’eNQmmwmamaﬂ’;mmul,wuaqLLmﬁmw“’lu@q

AusouLazA I bAInsAnw R AUIE M sIin LR d g ficnlae s o
fuluuadfian Tnsauiddedazdnausslivunisnaodunugunssuuulaseiedslanaans

Jumhwelauavadsguuuunsofieniannsasenuuugraeiduldonludfvinlidzaansionis

1@ v

Tganulaluiuiigagu winddhifieurinnisvdeduiuunuguns@unuiieninnsinaves
umasiduinisariugeuiveyluusazlasaie

A. Alban uagane [11] ldeenuuugnaeiduainlusunsudiasaniaadinmiansiom
ALEaNTIan YaImsangwmauTausan i@ S uIununlsunsedudeu lag
° YA % o v a e - A
A1naInNandauTeuniiiLazeanneluniiud wazesnuuululusunsuiveniai
winzanlumsUTulTwazun luuiiui@anananlueupnsoly

H.S. Park uazauz [12] leusuussiaguesiiudiususudiainlansilunaradniasy

1%
v a Y] o

dulaiiaiiuauudasananien miafsuindutannutas Gau1saantivingasiu

q

a I

Ya3u1usualadnidFiana ldareludrunisnan 51080 JulnsAodInInaouLaz Ly
PNAMNTIUTIATUANARNT

M. Packianather hazamdz [13] laAn®138n1598nUUUN15NAaBY (Design of

a

experiment, DOE) Luu3snsvaamninauavinnisifivesuazuiisziuiluaasseauludan

Y
MvieamUszaniitenteyaidsainuazinnisaaidentadenfnwinagyiinisesnkuunis
- v v O A a a = a s v =
nageuielilarUsunuaIas@ananainuienslnesane q Wivanzauign

W. Gui-long wazaadz [14] ladnwimaluladnisiseniuseunnfudfundawaiadn

v v §w

Headaieliinauseuasduiusivaumgivesnanainvasumailradiunviliinaay

LY Y 1 caly [

funaslivaugdudatuuifininiounasifuiasdmiuiununatafinifeenisniudumm
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Tugmamnsalutudiurususidnuanusisnnsluriofiuyadmienmandinisnisnm
YDIBUMLIATARN

Z. Shayfull kagany [15] lﬁﬁﬂm§‘vﬁwa°uaami‘wa'aLﬁumugﬂmaﬁ?jyumwaq%umu
Fananadndanadnsanguaeifuitivihdaduguamasuliszansamlvnisaemai
Souluuifnilafnduuunidngunsssnay waganunsoannainisasduresigininis
Anld 60.83 % saufanisvadalaesiuveswesiusudananainld 13.94 f 54 % e
mMsoonuUVTLLLUULKLSsUT iR nuuUIRLay svdeifuldageliusyAnEnm

D. P. Gruber uagAmz [16] Anwsuuvumendineanalinginsainsundives
Furudananaiin :nisnsnsavdeveisanilaendesinlaasafudusuiui wadns

LARIT U UTLAAYUAINABAINTULNTANAEBIIINN1TASVDURAITAN N TENUUUT U

¥
a

nszareantladnslifianis Tusmitedanunsnldnsraeunuantivessesguiueuly
pIARENIATIvARURUNgesTald U wveslnandamans

N. Shih-Chih wagAmz [17] Anwdosnismununisiisserestuaudananasniid
pisuslasldndnnisiugiuresguvgiivadfiss TasAnwiuuiiugiuresniseaniuunis
naaes Haasudilifimnutaauisafumnniwesivinzalumsudletgmnsliue

E. Kunnayut way W. Kittinat [18] léa$reuslfuiannnsideunenazauvasiuiman
Tngoanuuuligvaaunuuuni waziuumugUnstusy wdsmniuhnsuUssRaudfi
Henofuazaninlilivuauazinluuseneudunifuidanatadin Ssmaiildauisnaniaad
vosipdnslumsdnld esansvdaifuiieenuuunusunssiunueglndfundsnesuazan
36 msunsnszneaufeuiiiniy uaramnnvestunuIsAnTINsERNLUL VLS LY
Un#

uingslsinuainwasuidedildnanunaddifinshunldifstunmsinudvswa

[
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ngUszasALiioAnwidmsdmesluszauiadesingg lnsldniseenuuun1smeae i’

e
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wanadn hedsanmnsoantupeunssiiumndauazaildaelunimanld Wemmwisdimes

Y Va v

Munzaunanlun@anatafniaganansaiaudegonlldanavinssunisndnisela §3de
= Y o a 3 a wva o 1 dy
Jalasiunsmudunaulfiicselul

- Ui

6 d‘ = a o

- gUnsaluazATRIllan1TIdY

- NSTUIUNISIVY

- PIVRRBIAZIAUTIUTINTOYA

- NN531809728LUTHNSUADURAILADITVILIATILANIIAINTTL

- ANSAIAINNSITLHBS LUNNSRANAERN

- AFAIUNTIAANUTUNUDITUI Y

- {ANTAMIUNITIAAIAINNLILLIN

[

IS [ o v o 0o awv =Y &
E"ﬁll'ﬁﬂLGUEJULUUQW@UGUUG]EJUVI’]’J‘DEJF’ﬁ\‘i‘lﬂ,@ PNU

‘ Literature review ‘

'

I Setting / Prepare equipment |

x| | Simulationby CAE |

Injection experimental
Fulfill parts ?

9‘ Factor / Level change ‘

i—

’ Injection part gloss test ‘

‘ Conclusion

Design of Experiment
(CCD)

No

Export Data from recorder

Yes
Gloss Data Summary ‘

YALNYIVDINUAINNLTULINVDITUINY

)

JUT 3.1 drduduneunis
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3.2 gunsnluaziA3aelian1 sy

3.2.1 WWsunsudldlunsise

32.2.1.1 Wswnsu Moldex3D R14 wazldsunsu CADoctor @suanandnis
Uszanananeszidauids lilumefuuslagn1sasesutausulsawibuidy (mesh)
3.2.1.2 Wsun3u Minitab dmsudiwadeyanivaifuaznionnswiuid

ARUAUDILALLAULATITNIUDIIONURINDUALDS

3.2.2 Yanildlusisy
Wianana@n ABS (Acrylonitrile butadiene styrene) ¥8suS¥n Thai Toray
Synthetics Company Limited Ltd. $#@Ln3m Toyolac 700-314 @mamﬁ’ﬁﬁuauﬁmwmaaﬂﬁ
TalunsdeiansAiAunLILLY (density) 9nT1nsiiavesianasiingl (melt mass flow
rate) s¥AUALSTUL (glossiness) T1inlasuTEnEnEn gumgiiuugihdmiunisassiman
(melt temperature) LLasquQﬁUaW%m’m (ejection temperature) kaLAMANTANIS
MenWBY  fawanslunsei 3.1

= wa < a a v
AN 3.1 F’]iuﬁll‘UWU’eNLN@W@’]ﬂmﬂWIﬂuﬂ’ﬁ’mﬁ

AMENTANINIEAN iVl Anfiimun
AUV Alandu/ung’ 1040
AT (3383 60° YBIUTHEW Toray) \Wasidud 94
dnsMstnavesiavasivad (220° C) N3/10 W 23
gauniimsagiounelinise DIA YA T 82
SNAROULIILUUTISY nlaga/iuns’ 17
ANULAULIIFY wnzU1ana 54
Msafananafin \Wasidud >10
Lupdausasa wngU1ana 2700
lugaanuEaney wnzUdaaa 2460
QUNNNVABNLA? BNGUIL G 260 - 220
N TanTuay BNGUIL GG 85.96
gaungfinanafnudem NGRLGIEH 85.116
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3.2.3 lp509insiayaunsalilglunisise
3.2.3.1 LAT09RANANARNTTARALILAUALN (injection molding machine)

Y99UT Toshiba u EC100S Fauanslugud 3.2 uazansnsdi 3.2

JUN 3.2 iasesdananainilgluniside

al' 1% A4 a a = awv
H1I19N 3.2 Gﬂaﬂ,luaLﬂiaﬂﬁﬂwaqﬁmﬂwsLmUﬂ'ﬁqﬂﬂ

5189013 %78 Arfinnsun
WS IUALUNUN 2 100
svaglnauls (1919 x 817) Tadiums 460 x 410
YUIABNUULALA (T3 x 817) Haaiuns 660 x 610
SzuzUnldAun aguuns 350
AT Nadiuns 180 ~ 550
WIINTEY] UL A 3
JHENILYIWUTUN Tadiuns 90
ANAulun1san wnglama 158~287
PR3320 LWURLUAST/ AU 76 ~ 557
AMILSlUNSan Taduns/ AU 200 ~ 350
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3.2.3.2 LURUNDANAIERNE NS UNAZDUAUURAINUATUNIUADLTIA

(tensile strength) AnanURvesTaanldviwifuiiluian S50C wanifiani51ei 3.3 sy

NIAUIUVUINTVDIUNLA
3.2.3.3 WUNNRBWATNAMSUT U UL IRTTILE T UNadeUaNTRAI1Y

AIUNIUFDUTIAY (tensile strength) dmSulsnasuazA1IR AuaNTRvesIanIlTILIRLm

Judan P20 uansiem1snen 3.4

AN5199 3.3 FUURNIIAIIUSDUBALNIINENTNYBILURNNDANAERN

- : gaunnal (°C)

AENUANIINIEAN iy

20 100 200
AN N3N/ gudins’ 8.7 - -
nstAuseu i/ uns-esrwadea | 425 | 385 | 34.2
AINAINTOUY a/flanu-esrnea | 0.48 - -
e e
Lugdavasn1stavey 10°Théw/aduns’ 210 - -

AN 3.4 FUUANIIAIILSDULALNIINIEATNYDILUNUWDULET

e , auual (°C)

AMANUANIINIEATN Wiy

20 200
AU N3/ BuRLUn 8.7 75.7
nsihANTeu 09/ WU T-DIA BT A 29 5.29
ANNYAILTOU Ja/AlanSu-aseiua - 0.127
TN e
LupaaveInsenveuy 10°Tasw/diadiuns’ 250 200
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¥

-:4' la el a la 6a as o ad , v
5UN 3.3 ulfiusiananainuazialiusidwdsnilendn (@e) uazaes (11)

s

3234 Lﬂgaﬂﬂ’JUﬂmquﬂuﬁLLﬁﬂuﬁ (Temperature Controller Unit) ’i;‘u

YOIUIEN Shini 31 STM6090 Tungdudusilvinausou
=
ﬁ//lﬂ-’-’/"////////n?y///////

/'/

JUN 3.4 1AT09AIUANRUURWLINLN Shini STM

3.2.3.5 1A309inAuTLL (Gloss meter) 909USEM SHENZHEN 3NH

TECHNOLOGY CO., LTD. 34 NHG-268
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= .

SUT 3.5 LA3aeinAnusTuln e iuausnm gL ASTM:D523 1 NHG-268

3.2.3.6 A58 UUTINToYAR VA TLAZANANANEVDIUTEN Keyence Ju

TR-W1050

JUN 3.6 inTestuiinteyagumnivesusliiuy Keyence Ju TR-W1050

3.2.3.7 wasluduidasiinus 1nd 13 (Type J) ausnsgiu IEC 60584

U 4 W9
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SUTt 3.7 weslusuidaviaus nd 1a (Type J)

3.3 NSZUIUNI5IY
NSZUIUNITIVYVBINITAN W DNTNAVDINANTLNULIDIAINULUNVDITUAIUNANAF NI

seigudTN9398 Aawanaitanalull

3.3.1 NSLUIUNSLAILUNITRANAERAN

= a a a = g v o 5 el
3.3.1.1 mawssudanarainviaieieaussinnildvinnisnaaes 3ududes
finnseulamuulunan 3 Talusseilios Nioamnl 80 °C wefdaaudulivualiain
Wiananafin

3.3.1.2 AnnsudiuiaanataindiiuinsesdanatainuazAnsaUandmsus

® A

vasldunanesuar IeAuTeu uazasivaeuliulainliiiynsessivesveslvasenain
wifiuriedesiunisadendinuiazanulasniy
3.3.1.3 AnwIsnmsinelaggunsain sinmesludlilanazidansasnivay

gaungiuaiiusilaglvinnuiousinnsl iMulfiuiiendn iWeviin1sgudiunauligumgiiv

Aeansuazrinisiiudeyagamngiudfinnlun1sdaduaunnase Tudunuswesgaiives

AU Uauarshlvianuseuszesungludmesundnly

A15UNNSOBNLUUBL AN NAE@RN ALY NTLUIUNITINBBINISANN LU LNTUN
IAINSSUANENSNTTDI Moldex3D Tuunilazaduigludlrureiniseanwuuwasn1sannaiale
AIUToULAZAULEWTEAIUANUNANTOIIARNN AdnantgUuiualneduifundudu-

Fsvednulunsnuileaninuazaes wazuanin1sasiuug (mesh) WlunrsAiuimmnig
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=

AflAFERsSLenIAIN1S Iavenaa@RnvasNialfiensiadeuImata@inaiunsalualfy

1% '
= I

P a & | A ' a iy ' ~ ) P |
wiiunivseld Yeynnisesauninvednisineintunguaulugianeeusulansely n1s
DONLUUNINIIADINTIFUANULAUTUNITUAATUIUDNGY dUsI8azLDuNaaNSALAaIN

mMsassluldsunsuaziauatirluundald

PN [J 1 % £ 2 1 @ 1a &l a
E‘U‘Vl 3.8 N139188IN1TRRNLUUNIB AN aULaTa LUl ULLRNNAANaERAN

JUN 3.9 Nsfaesnseaniuukiiuiaananafinuazduldsy
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3.3.2 N3¥UIUNIUBYAN1IARRAIANSYBINITINANTUL

3.3.2.1 fnuagUiuunseanuuunsnaeslngIsnmsiiuineuauestuiy
nseenuuudunanouindnlagliqaienans 5 9a Tnediuusdasesiomn 19 fuusldun
qquﬁﬁuaqﬁat,mﬁuﬁﬁjmﬁﬁ oumQinaaRnUatevdn wagauduYeInIsin Jausazsn
uwsdasyazuiadu 5 seiu (Level) TéuA -0, -1, 0, 1, & Fausiagsunianisnaaosayly
AiadsrosTaauiiuiun 10 fegurendsnismaaes
TngAfisysu -1, 0, 1 Z“TWI%J‘Uﬂﬂia’aﬂLLUUﬁﬁWLL%ﬂQR}@LLWﬂV}@L%EJa Aflsu —QL,
0, A d1v§uNITEENUUUNRILVUIIALILLAZATEAU 0 dm3UnIToBNLUUTIAILILIYA
Aananainiiy Fauandlumsneil 3-5 Gernves —o uae o lunsdlfnuvesmnandimesinun
3 fuUsazlduuu rotatable design FfiAWindy -1.68 uaz 1.68 AuadIRy

A5 3.5 MU TIaTEAUBILUTIaTENlgluNTeRNLUUATNAABY

o . AU
W1518LAa3 il
iy | -1 0 1 a
QAUVIR UL ! peMLalgya | 43.18 | 50 | 60 | 70 | 82.76
gumgiifivanevhin ! pumgaded | 18.223 | 230 | 240 | 250 | 256.82
Amsidngr’ fafiums/Aud | 133.18 | 140 | 150 | 160 | 82.166

VUL | BENRUUNISHWRSIINAAL TR TSIV B TaRNaNARN WA WL

* 9ANLUUNIS M BSANNLENA1TD19D9M NS [7]

Aada 1

3.3.2.2 YSuamsfiwesvesiaaudinys loun aumgintawiiiuilagnis

Y

alviausauLnwifuiigumvadnuiauviiviesauitoumginldlun1sdn auvgiinisan

nangine lnglagungiidasdundenas (barrel) 3ngaumgieslumuiniiganiate

Y

P29 warUSUANMINUAULUNITRANAARNINNNLNDUNLADS VDA DIAANANERN LNBLIALNe

a1

ANTUEeITUNUNInlneweserIanuTuliAflifndl 70 GU NiszRutudfay 0.05

a

3.3.2.3 ¥11015 19N TATURANITAIAINITTNBI NS AA NN ANN AN

1%

FuAILAANAARNUTLLNMLBULDE NAINANDAINNIULIIAIENITEDNLUUNISNAADINIBITNUR

I =

< LY a [ = A = o o
POUANDILAZLFUNSAADUINER AIA191971 3.6 LagA15197 3.7 Ladin191ng1919nNenans

q

PI99UA 5 ASY SIUVNEY 19 AIDE19NITNAABY
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AN397 3.6 N1TPBNLUUNTNAABILUUTUNSAADUINES 19 F19819N15MAaRILaLIINITVING

= o
NYANINATN 5 A%

N3 ns RRIVHE ) gaungiivane | Anusada | sEAuAdw
JONUUY | Vagaufi WalNaW #an & AU
\Wunsa (°C) (°C) (mm/sec) (GU)
ADNIWAR

1 -1 1 -1 X,

2 1 -1 -1 X,

3 -1 1 1 X5

ALNNND 4 1 1 -1 Xq
1388 5 | -1 1 Xs

6 1 -1 1 X¢

7 -1 1 1 X,

8 1 1 1 Xg

9 - 0 0 Xg

10 o 0 0 X10

11 0 - 0 Xi1

AN

12 0 o 0 X1,

13 0 0 - X13

14 0 0 a .

15 0 0 0 Xys

16 0 0 0 X16

wfenans | 17 0 0 0 Xy7
18 0 0 0 My

19 0 0 0 B

=

UIEMe : 1n1591191719A09Na19 5 AT LTBIINAINITONBUANDIBNTNAN

q

W mesieanwuulugaunnvesvauazaunulaLiie e



29

A5 3.7 AMUAAINITOBNLUUNTNAABILUUTUNTaRoUINER 19 H19819N1TNAaDILAY

1%

=

[

Inshegngnnnans 5 A3
N3 ns RRIVHE ) gaungiivane | Anusada | sEAuAdw
99NUUY | MAdaUT WA /ebld e UL
\Tunia (°C) (°C) (mm/sec) (GU)
AaULWER
1 50 230 140 X4
2 70 230 140 X5
3 50 250 140 X
AUNAND 4 70 250 140 Xq
58 5 50 230 160 Xs
6 70 230 160 Xe
7 50 250 160 X7
8 70 250 160 Xg
9 43.18 240 150 X
10 76.82 240 150 ¥
11 60 223.18 150 X1,
AN
12 60 256.82 150 X1
13 60 240 133.18 X13
14 60 240 166.82 X1a
15 60 240 150 Xys
16 60 240 150 X16
fnan | 17 60 240 150 X7
18 60 240 150 s
19 60 240 150 X19

=

UGG : 1n1571191719AN9Na19 5 ATY LTBIINANITANBUALBIBNTNAIN

q

Wsmasnoenwuulugauinvesvauaznunulaliie e

3.3.2.4 ¥n1sanAvIuuansunatain Inendulilunsrasdiagiinisnnany

2819TALAU N URINUNTAUAY hazszanse bl NdUNENf 99N IAANNIT UL AR DY
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]
= a v

W38N15YATAveITUUmEiY n1sUdesBunuliuliuaziindingamgivesduiian

9

PUIAUADUYINNITIATUIIU

3.4 fﬂiﬂﬂaﬂQLLaSLﬁUi’lUi’lﬁJ%ﬁ]%’la

Joyanilsanmsidennanmsiiusavsindeyarounidadeannisnseugunsel

(%
a (Y

mmmwaaLﬂ'%laﬁﬂsLLasﬁﬂﬂwsi’mqmmﬁﬁﬁaLLajﬁuﬁnﬂﬂ%’jaéhaLwaﬁmﬁ’UL%muLﬂ%ﬂﬁ’uﬁﬂ
fioya (touch panel recorder) Apumannassdannass sideiuilfiaiestuiindoyaves
Keyence $u TR-W1050 @nansatuiinteyalsndenfudmsugaumniiiuateiaidn (injection
temperature) 8uNRIMIANLN (mold temperature) TneSaannineslududadicuiini
\nsestiufindeyaimuviisisaniousifiant 10 fadwnsuazausudavesiedosdnnaiain
sgmuANshen Ui Uinetinesueaadosdng

a

FuiladevesRausfaniosinsdanandongeinuusfaniEen3s vinisdatuny
Tuustazszduroamnaassiavirdoyamuausartunieuiisuanuiunainiaiesin
A1TULN91NUSEN SHENZHEN 3NH TECHNOLOGY CO., LTD. $u NHG-268 fiansnsaldia
yauasiesaeing o I (20°, 60° uag 85°) thdeyavesiladeinanunazuiusiun s
dievnavswadivilftunulianutuafiuandietu drusudimstavestunuasinigi
finuaes (fixture) dnsuduBatunuiueiesianuiuaiielildmunsinsatulundas

Fua Aawandlugun 3.10 Inesuisvesiuauavesuisludiuvesundaly

(%

yaulunsIamnusiuL

2D

JUN 3.10 sUiinResdmsun
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3.5 NMSANTEUNI5INABIA2ETUTUNSUABUNANDIYIBAATIZHNIEIAINTTY

91nn150enLUUT U LIEUlEIIfiusiEandoudt (moveable side) Susu
Wanun 2 ﬂﬁﬁv‘f]us’?ﬁyumuum53114@711/1%%1/1ﬂaaumméfmmwiaLmﬁa (tensile strenght)
Tnefin1e3s (runner) aeuiizwj'm%umuﬂy’aamLLazmwih (gate) uwUUWA (fan gate) fivans
maﬁumuuam?‘@hLLMﬁqﬂaﬂﬂizﬁqﬁgﬂaaqé’ﬂu Tunseenuuudfinsidsdedasiumisivan
Fuautuaglldwansenudemsiannuduinasdumassozinaild Sannaeuunseidu
NuAedaludnae

903U 3.11 wansFusudanarafniioonuuululusunsu CAD lusideild
TUsunsu CATIA Tudauaeinisamulnd wazdnaninsasiauenialisunsy Moldex3D R14

AuSUs1eazdeANIseRNLUULazA M sTal Ul n1ANuan

(%

U 3.11 Junuainmsairaissielusunsa Moldex3D R14

wifissidiRedsuuedosdnnatafintoufiagyinnisinads §idelévinnisdnaasnisdn
FrelUsunsusiaesneuiinneddieiiasiziniaiminssy (CAE) Tuauisedldlusunsy
Moldex3D R14 \fiensivaeudnuaznanisninlunislvavesnarafnvasuimarinainisa
Tnaldfutiadnnselyd srudednsusfinniwenisivafidwadsefufinvesd v elu

o & | U g Y a a = 44' a Y a X yyu d'
ﬂ']u’l‘UﬂugﬂﬁlllEJ@@JTUIV]Lﬂ@i?JEJQWVﬁ@ﬁ@EJLsﬁauwaqﬁmﬂlu%U\NULﬂ@m‘lﬂ@ LLﬁYﬂ({LUE‘U‘V] 3.12
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Filling_Velacily Vector

Tima = £oF

101 femisec)
33 190

JUN 3.12 Aienenisivavesnanafinvaeuivadlugusu

n1seenuuuldeanuuulidaiudunuldesiedie lneldinmsgadeanuduly
nsaatesfigaualfiaalunisiatiosfiande dwsuvanavdniassisdaisnsinmad
vostunuoanNituNundantusiliazniniduiu nami 3.13 uansdanududi
a1 o sumdegid @hsew) adestunuidedisutusiunuuasndds Gt demwa

TinsdnTuauaena NI lalaede

'
a

JUT 3.13 AiuiAunasisnuegidn (gate) Juamm
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nfinanBluuniiudrienaldsevestunuinansenusenisinseauausiy
Wvestua LHesnnuawmnnsznukazasieuiiauaaandeulurliiadesdie ey
alaldnsetuafinasazdy walun1smaaeidnadlasdneasn19n18AINTINATERN
Usziamedieadldlunisveasstifunarainfiflassairsuuvesueiila sxiinnswasves
Fusunazinauduneludusuauilrgumnwinnsiiseld nssiassdaelsunsy
Moldex3D lugudt 3.14 asdiuldindunuazidselununssduluussanm 0.05 Saduns Tu

AANIIULUILAY Z FI91AN15T180981U150USUAIATINIS1THLH S UNTISAANAULASDIRN

NANERNATY LiplAAUlNsa T lUTNafDN1TIAAIAINNIT UL VD ITUIY

- Moldex !

180 Run 1.ASTM D838_B1 mésfABS ToyolacT00-314_1 mér T0118_02_1 gro

0.000254 i (Seala0.00,Total, #.00), Ep=85,600 Ec=136 Ep=D Emi=7, 016 (FastCool) dUecs

JUN 3.14 Anulnaseveslunudanaiain

dsunIsUAfInNLLLATUILAIN UL SHaeRzdin s uad I InataRNLE s
anuaUsTI 1.7 - 2.6 % dmsuiannidlun1side Fauauianumnuvinignismesi

WnMNdRaIU Asanslugun 3.15
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Warpage_Volumetric Shrinkage

()

45 _51 mieiaBE Toyols- 00 $14_ i\ 70748_02 Lnto
Q. 2 25 {Seale. ITola!1.00), Ep=05,608 £¢=1 36 EM=0 Em=P.915.1F ost_c0 wMide0
al ot

U7 3.15 Aesidudnisnaiivedunudanaiasin

3.7 NSAATNISIANBS IUNSAANAERN

a 6

NHIIINATIVEBUNITI1809N15RAN8TUSHLNTUADURILA BT TILILATILINIG

o '
ya v v 1

Fennssuluiieantiatlunisfarini1sanasandn tnaglauinAaItuLIUSUAIAINITENSIN

Y

PLAsIRANaNERNIAga1UalgANINIUSWATUT 1A lalaense fauandluni1san 3.8 Tu
1 a ¢ a [~ 1 I~ a ¢ g Vg Y] 1
#1519A1M1510 a5 wan L Juraszez ez unis fmeslganu laenusiuluwiaznig

~ 1 Y a P 1 | aa A 1 a [~ v Adaa a
PONKUUNITVAGBRNEMNAIANTULNEINEn druaiiesrpgululadvainiisnsna

294ANTULINT9a 9N T UA AT

L = [ 1

dmiunisauauauvgiivesaifiuilvasiluudaziginslinnud1dgyeeidalu

]

[
a a (g o

AT NIdeldeenwuuiifailidivuindurIuAunans 4 TadmnsNmuaiIuIy 4
3 lngviinisianzsdunifiuiianifvggluauduaifianidwdsndn 40 Tadiuns Andaunes

Tuauda wiin 19w luTusunds P1 - P4 wandameanssaiiataaiuslnianisinmaoun

=< o 1 [ a

a1 lun15In g ungiiazoginaa AV Uyl 10 AadUATTIEATINUAUNUS

Y

= £ [

nanaNrRstuulnalAgiugnarAavinsinAauiulfwanslugun 3.16
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A15199 3.8 WISINLADINITNARDINTEUIUNITAN

WIS D3 Anfildan
namsaaknwuy (Gund) 5.0
Funaasunusudag Guiil) 5.32
ANAUAN (unzUrdaa) 33
naMsanen (Gui) 3
ANSEn Dadiuns/Aund) 5.32
namaadu (uil) 20 - 35
AuuBnen (wnzunana) 150
guvgliivaeiidn (ssrnwaitea) 43.18 - 76.82
muSiand @adwns/Aui) 133.18 - 166.81
QAUNIUITUN (RarivaTea) 223.18 - 256.81

nasanlanisidimastunisusunaani1samlednuainluswnsy Moldex3D

¥
v 6

a £ Y o @ L% a & 1 1 & ! £ £ [ v 1a a
LiEJ‘UﬁE]EJLL@’JQ’]LUUW@Q@@WQQﬂﬂiﬂJG}’N € bYU Uanuagya RS aulaz 8 uAULLNUN E‘U‘Vl

sgunsallimnuseuainiaTesmuruauvgiiiag UM

¥
o [y 1

3.17 uanudifiunisnesnfnnwiothdwiunasdunnuwifuiluusaz g ins

JUN 3.16 Munmbainsinnamesalilaasluwiiuidanarasin
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dmsuanuiBsuiivesuifaniluguil 3.17 uae 3.18 mefiduldinisuusduis
Fefes visniuisddutaiatiaifuassenoufuusdfaningouldnu vililiannse
farrmnuFouialdlagnss urarnanuiulvuLRusifia st saagvioulmiiuwuuan
Uszlnnnszaniandsguid lumamguiuagenamnssunisnanaiegiiianuiSeuiaeg i
11 1.6 luaseu \udiliaunsaneaiiusienidanld 30 faduinuiunidfideld
Duarnsiilunsinydnsnavesanudsuidmanoaiauiiuaivesdunuld §3deds

anunsarnun e lalaeiui

] (2

U7 3.17 msfinasgunsallinnusounasvaaduluwiiuridananadin (Hen13m)
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U7 3.18 nsfindisgunsallvimnuseuuazvaaiduluwiinidanatain (Henes)

ca o 1 1

1NFUN 3.19 WAAININTIABINITIRQUVTVDIUNUNTA UL TE LU T

'
a

Har136 10 Gafwuns Jududundsildmesiudvilaviaaiiiotngamniluduwni e

'
aada 1

gonuuull dawanslulsnarainglaziiuluduifuesy vsvengunginuiiusiiiyn

Utz 50 esAedldua nasantudaihamisiinesag o lUAIATUULLRNNEAR39 1D

1 v @ v o w

AIvANgUNIlulAaz T Inslviad tewnlusunsuitldlunsdnasstulited1inlunis

ya o

endunusveaniiundwasy fidedninaueilurieungiludunliinaydunsly

&

JUAMLNU F991nnns9aeenisdavianuatiuaunsatuliiluunimnisnisarndnese

WAZAIUANQNMTUITLALA
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187.068
177322

167.576 Oby Plane Equation

Oby Plane Control

157.830
148084
138338

128592

Moldex:D

236 Fun 1-ASTM DB38_82 mie/ABS_ToyolacT00-314 1 rmir/120218_1 pro
Ring: 409~ 187 Avg: 103 07 (Enhanced Solver), Ep=86,857 £c=86 £m=0 Emi=7,916 (FasiCoo) <Uied=

B At B
Z oo 400 mm
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Normal Probability Plot

(response is Gloss)
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4.3 n1snsIvdauAFuUsEANSVaIN1TAnaUlanazAIAIIZIIANRUSUSIY
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4.3.1 N5A529dUAALUTEANDYRINSARZULA

£ v

nsRsIadeuAduUsrANSveInIsindula (R-Sq Wuadldueniesazueinis
Wasuulasvessuusauiiamnsassuigldsesiuusdassluaunisannes a1nuanis
AipszvianUsvanauesduUsEansIBeanasefiAintu 0.8914 nuneAIuIn faulsdasy
(guvinfivosusifiud, guvndfivaredada uazaruniidnd) annsnoduisnruiuulsnie
nsasunlamesiiuysmy (Arnnusuenfisald) 14%esay 89.14 uansiuuusiansi
annsailuldaisaunsamsineiiomamansulsegnagniesuazivanzay fuansly

ANS519% 4.1

AN 4.1 WERIAIALUSEANTVRINITILATIETINADDVDINURINDUAUD

Term Coef SE Coef T-Value P-Value
Constant 41.83 2.41 17.33 0
MT 5.7 1.46 3.9 0.004
HEN -8.77 1.46 -6 0.001
VH 0.29 1.46 0.2 0.848
MT*MT 3.18 1.46 2.17 0.058
HEN*HEN 6.32 1.46 4.32 0.002
VH*VH 0.92 1.46 0.63 0.544
MT*HEN 1.64 1.91 0.86 0.414
MT*VH -0.95 1.91 -0.49 0.633
HEN*VH -1.4 1.91 -0.73 0.481
S = 5.40432, R-Sq = 89.14%, R-Sq (adj) = 78.28%

91NM137999 4.1 annseazuladnuudiassiiaunsainluldlunmsiwsgsidusield

Lauaatiy 91nN15WTNINTUN 4.6 NUTINITHINUWIFIMUTDATEVDINAUTAY (Linear
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value NUUYFIAUNIENRANBIUBYNI1 0.05) BIAIUIADYEUNHUVDILUNUNUAN P-value
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WinAu 0 .004 AflAdesniiAduddgunieads dauanusilunisangiiian P-value windu
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Normal Plot of the Standardized Effects

(response is Gloss, a = 0.05)
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AN 4.2 WARIANFUUTEANTNNSNDUAUDIUDINURINITNDUALDINDAI UL UNIVDITUIUY

Source DF Adj SS Adj MS F-Value P-Value
Model 9 2158.1 239.79 8.21 0.002
Linear 3 1496.09 498.7 17.07 0
Square 3 617.61 205.87 7.05 0.01
Interaction 3 44.4 14.8 0.51 0.687
Residual error 9 262.86 29.21

Lack-of-Fit 5 252.65 50.53 19.8 0.06
Pure Error 4 10.21 2.55

Total 18 2420.96

4.4 AUN1INITWEINTAIAIAMNIIULVDITUIIY
ginnsAurnlulysunsudniaguneadad anunsoasisaunisneanselilugy
aunsiaaetlsanaeefidnavinuldleuuuunisnevauasliilududunss Jsaunis

(%

PYINTUNINANILAAILUANNITAIUAN bARIT

Gloss = 3,823 -576 MT -30.10HEN + 1.20VH + 0.0318 MT*MT
+ 0.0632 HEN*HEN + 0.0092 VH*VH + 0.0164 MT*HEN - 0.0095 MT*VH - 0.0140 HEN*VH

WeatAns1inesnsauwnuatasluluaun1sie uilansiadauaIfnannLAf o
NNFIANTUINUISIMALAINLEAIINNITAIUIN LUAAIRINITIN 4.3 ziulaINaziiA1A
AAALARBUBLLYITENING -10% A1 19% BN IMIANAEYRIAITUARIALATOUTINVAA

308N 0.64% weldlunisnensalanuiualueuian
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mMamagaudl FZAUAMNAULIT ANRINEUNTT % Error
(GU) wensal
1 55.09 54.40 -1.26
2 67.41 64.36 -4.53
3 39.64 36.32 -8.39
4 58.07 52.84 -9.01
5 60.80 59.70 -1.82
6 68.90 65.86 -4.41
7 39.29 36.02 -8.33
8 54.38 48.74 -10.38
9 39.19 41.32 5.42
10 53.41 60.39 13.08
11 72.73 74.54 2.48
12 37.65 44.93 19.33
13 39.68 43.96 10.77
14 40.15 44.96 11.98
15 40.32 41.86 3.82
16 43.97 41.86 -4.81
17 40.64 41.86 3.00
18 43.18 41.86 -3.06
19 42.58 41.86 -1.70

mﬂg‘uﬁ 4.8 WANINIINLINWILUSIULNBUAIAINULULIITENINNITINIIIA 28

LA309TAANTUIAIUNINTFIU ASTM : D523 AUANNITNEINTANLAINNITATUIUAILY

Tsunsudndagunieadd aziiiudiununmeesnsmvisdesduinnulndifissiusazdaiiy

AANRLAABULANTEE d111TaunuN T neINTalA A LITUN I URUIAALe 1A8EINNTAAUILNE

PIANANNTULINADINITNRITUINUDANA RN LAYIWT




55

Compare GU between measure and predict
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Contour Plot of Gloss vs VH, MT
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Surface Plot of Gloss vs VH, HEN
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1. unaulunN15aaNLUUTUNULASLINUNAANANERAN

[

Jumauusnuesnsoanuuulumuidetdisuazainnseenuuutueu fadudusu
NAADUAIINATUNIUADUTIATLATNNTY (Tensile strength specimen type I) @usunagou

w39A9 Tagsunianinnitaneiazarunsanagauinanuduils wansniugui n.l lng

'
A [

wann1seenwuuIzAmdiinsUsegndldenulaegiininwing sudseuniourasaseddng

v (%
a a 1 1 av Ao

Allun1suandudiullfuiazunnIduesasdanatanniinnazaliusalnanuidetidnsa

v A

g daidAdnedranidlunisasisudfiunl@analafinyntl Ao N1AIUIUNIAIAIY

INNEFNITAII 6193

a

= Y a a & a v
E‘UW 1.2 AINVUIURANWAFSNLLUU 2 AR ‘VIN’NLLasz‘m

1.1 MI3ANNLIUUININTUAZUINUNVDIFUIIUAANANERN
MIAIMTLIAYEITULEana1aind 1 dufesiTeyatun1sAwInnou feil
- gilnvesnanadn lun1sideildnarafinuszinmetiea a1nUTEn Toray Plastic

WNSA 700-314 Een

¥

- AUVURLNTRINATERN Yosdianarafninsnliaziidiaunuintuegi 1.04
g/mm?
MSANINNIUINIATYDITUITY

USamsil 1 19 mm. x 165 mm. x 5 mm

15,675 mm.>

USamsil 2 3 mm. x 57 mm. x 5 mm.
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= 855 mm.’

W 2 §u = 855 x 2 mm.’
= 1,710 mm.’

ﬁuﬁgmﬂ%mmﬁ 3 = %x 3 mm. x 21.14 mm.
= 31.71 mm.?

U3u1msi 3 - 31.71 mm.2 x 5 mm.
= 158.55 mm.’

Wanun 4 fu - 15855x4 mm.
= 634.2 mm.>

UBinnstuay = 15,675 mm. (1,720 mm.? + 634.2 mm.%)
S 13,330.8 mm.’

o USmstueioian 231 = 13,3308 x2mmS = 26,661.6 mm.’
= 26.66 cm.’
165
21.14 57 32.86
o g

e i R e A e M e M S A St o s S T 2 BEAAZ RPN
S R76 /

SUN N.3 NUNNISAAUSUINSUDITUIIUAIBF LD

Y

1INN1TALIAUUSUINTTUIUMENITAUINUTEU P8 ILe9 AleazialnaLAe
Aun1sALUMETUSLATY CATIA LANISAWIAUAIUIUINSTUIIUA8TUSNTY CATIA TvRau
BUUGINIT S8BT UNUTAIULAAZL D8R bl ALITANUI ATALAUAEF2Le9L FUTBNAIRIN

Tswnsuunlglunismanivunuesduau



Current selection : | ASTM

Product | Gophic | Mechanical ] Drating |
Chasacteristics Inertis center
Volume: 26232.103mm3 L]

mm
Masst |0.026kg (v 28.5mw_
rface] 0014m2 | 25mm

| Ingia matic

boe 1913 005kgam2 [ 1355¢-020kgm2 Okgam?
Iy 1.35%e-020kgum2 : 6.795e-005kgxm? 2Nge-022kgim?
126 Ok ¢ 2.118e-022kcpm?. 7797 805 kgpm2.

L] Only main\bodies

26,232.103 mm?

74

JUT .4 UTU95veaduauiAuInaIniusunsy CATIA

gns  dmdnvesunu

YSUINTTUIIU X AURUILUUVDINAERA

NAYINNITANUIUANNUSLIRNSTUIUIINTUSHATU CATIA

UIMUNTINVDITUIY (2 TU)

ANTANUIUMIUTUINTVDIN9IY

YSUINTVDIN9I9 1

@939 ¢ 5 mm.)

YS9 TVDININ 2
(M3393441)

YSumsgidn (2 An)

<o USUNRSISIVIN LA

26.232 cm.’x 1.04 g/cm.”
27.28 ¢.

(7T x 2.5%) x (30.5+5+165+5+30.5)

4 3
+ (=x 25 xm)
3
4,633.86 + 64.45
4,699.31 mm.>

(%x 7T x 4% x 67) + (7 x 8% x 4) mm.?
1,122.59 + 804.24 = 1,926.84 mm.>
(13x25x1.5)x2

975 mm.’

4,669.31 + 1,926.84 + 97.5 mm.’

6,773.92 mm.’

677 cm.



Current selection: ©
Product | Graphic | Mechanical | Mass ] Colors | Visuslization

General Center of Gravity
Density] 1000kg_m3 = 82.5mm

= OSSO0, < 28.3mm

| Mass: [0.007lq :\wmm

face: 0.005m2
| \pertia Matrix —_—
boc2\ 2.014e-00Bkgpm 1957 DBkgRm2 Okgrm?
yx=| \1.977e-006kgxm?2 1.398-005kgxm? Okgrm?2
|t Okgem2 Okgxm2. 1.806¢-005kgxm2

& Only main body

7,058486 mm3

d' a

75

JUN 1.5 NUNN1sANUSHINSUeIMNemeaLes

HARINNITAUIUAINUSINATINTRaE i INTUSLNTY CATIA FalvinanisAtu aunusiugn

731

WNTNTIUVDINIIUAZ I

S UNRUNTINVDITUITUTINUA =

1.2 ANSATUIUIUINVDILUNUNANANFAN

7.058 cm.’x 1.04 g/cm.?

7.34 g.
27.28 + 7.34 .
34.62 <.

NA9NTNODNLUVTUNULS 8USDULED NI UADIAIUIUNIVUINVDILU AN AN AL

NgaLiioaneldIIeuasTunauNITHEN NANNITRBNLUULINNNAANAARNIZABINTIAOY

A ANURITA Al ANeTveusUlddawes asdanadauiiuiidn sty anuiuans
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: ii o
: ! |
| P | ‘
= o
P! =i |
bl bbb ,
i ! w
m 1 m

SUTN 1.6 MIAUINVUIAVDIULNLN19BINUAIUNINUAEAIILYTIVBITUIY

BRililne >

JUN 1.7 MSAUIUTUIATDIUUTNE19BINUAIUNUIVBITUIY
gnansnesulgmnlsag o Laeauiule fail
L flD 52881195ENINUaUTDUANN (31NN159DALUVILINAUAIINNI VDI

N3LNTUULAYITY 130 mm.)



7

B Ao AIINE1INNULUINNBUTOIUUANA

m A9 SE8EUINANVBULIRNNIUIUAU L

n A9 STILUNINVOULLNNNVLIUAY B

| A9 AmEMTULIUIURU L (%umu 2 AR YA aUsEINa 60 mm.)

b Ao A BT B (%umui’mgl,%”]ﬁu’aamé’msmﬂszmm 190 mm.)
y A® ﬁ’J’]ﬂJQQIWNGU@\‘I%UQWU (Fuaumun 5 mm)

p fio AuFuRAsTRIAaRN (NanaRnUszianieTiea fuualildanvingy 3.2
kg./mm.?)

E Ao lugaanisBanguvasnan (widninsa S50C dmualildrnvindu 21,000
kg./mm.?)

h A9 AUAUILURLNANS

8, fo sveglnssves b (aeshluivualilaslaldiiu 0.05 mm.)

8, Ao szezlnsdves | Inevhluiuualilnslalaidiv 0.05 mm.)
AN1U150ATUIUILYL NNV ULLRNNIUIUAU L LAY 881991 NYBULNNNAYLIY

fiu B loimugns Al

e

91NN1SANUINIELA

L 3.2x190°
32 21,000x5x0.05

=167.70mm

_, L 3.2x60°
32 21,000x5x0.05

=24.56mm

NFUAUULILAIUIWINAVLE NI VR N RNARANAEFNYINTY b + 2n

ANYIIVOIUL NN 190 + 2 x 24.56 mm.

239.12 mm.
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lAUUINANUNI VDU RUNRANAERNLVINAU | + 2m

6

AUV IULU AU 60 + 2 x 167.70 mm.

395.40 mm.

(%

VAIAINTUY 151810 TOFAUIUNIVUIAAUAU L RLNE Ladatianssialuil

5 pl

h =3[—
32 EBS,

NNSALINIE LA

S 32x130°
32 21,000x395.40x0.05

=35.36mm

N13AUINAEIATUIAAMINNTII 8717 WATAIUNUITENUIZAUI NNV YT A7
lunsfUagRdelammuavwialilugnsiidiuasdndeaiiioazaindonsdsdeuiaseny
nsldnurasmiinidanaiafin ndsnfidwiawiswiiuiasaualludiudaluaziuiu

LSIUALUNUNLAZIUINVBILATDIDANANERAN

1.3 NISANUIULTIUABUNUNHAZVUIALATDIRANANERAN

[

Fuudanarafnfioenwuuidiuou 2 ARAUTkazvLImduTadiuns Aegud

) e v & a ~ ° % ) ') '
n.7 JagnlddadunarainUssinnediea Inemvualiaudululns wuununisenuais

LB AL AL S IUALURLN LA ATLINIUNLATDIRANAERN

AT 1.1 LansA1vesaURudalazauaululnTILuUToINaaRNY TRA19e)

BUATVDINAERN ANAUAA ANsululns LUy
(Plastic type) (nn./a3°) (nn./a3%)

(Injection pressure) (Cavity pressure)
wedlefidu (Polyethylene, PE) 600 -1,400 230 - 320
wodlwsiau (Polypropylene, PP) 600 -1,400 220 - 320
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woalillamaslsa (Polyvinyl choride, 1,000 - 1,500 280 -290
PVQ)

weddln3u (Polystryrene, PS) 700 - 1,700 260 - 320
WoaA15UBLUA (Polycarbonate, PC) 800 - 1,500 270 - 300
avaslalulesdatimledu-aleSu- 700 - 1,500 330 - 440
(Acrylonitrile-butadien-stylene,

ABS)

wadlelua (Polyamide. PA) 800 - 1,500 240 - 450

165

N

-
o

6F

N

Ay ==

=

>

W

T-ii@ SERRESS

JUN 1.8 nmmthdnuansiunane ve iUl

AINNIN

g laNuNR B ITUNU (2 cavity)

WUVREVD I WAL I

& 4 &
FIUNUNRIYYINUA

(13,305 mm.? /5 mm.) x

5,323 mm.?
5323 cm.?

[(23 +7.5+165+7.5+23) x 5] +

1,130 + 65 mm.?
1,195 mm.?

1.195 cm.?

53.23 + 1.195 cm.?
54.425 cm.?

2

[2x(25%13)]
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TuN152ANa1ERNA3 95198 RITUINUNRENINUATDITUINY bLBINNTUIUINIT
sonwuulviinuingiafienuazrueiiniadiuuuin Jsdndudesinnsanlunsiwiniig
1AL IUALUALNN T DAL TIUALURUNANDA 25% LDAIUUADAN YYD ILATDIINTHAY

AMAINYBITUIUIANAAFN ANAUNITAIUAN

_|_|
Il

1.25 PA projected
1.25 x 385 x 54.425 k.
26,192 k. = 26 Ton

MnmsmmmmsdenldrunaaiomanainuunUszana 26 futuly Ay
Tulnsswuuniadeiidenlitanuszinmedioalnsdredsmnmansnuu iesanlaannsg
SnFnmudunaenteveInIsdn u 9o o Tuvazusifanidalddssndudesddaadelung
Auugi azuiuldinanuaninsovesaiosdananafnuesiesu fURN ALY ausin

WNENWD NUNN OB AUUBNALN

1.4 nsaudaanlunisvaeidiu

Tunrsmuaalunisaeifuazdosduiutagunswestiueu Tunuldedly

(%
a 1

FUIMUNAABURUUMNUITEU FITIN5AUIIA1INAERAN Y 0 AT NI T U ULAZYR

nananetiua lneavignsnisAuin Al

P , s’ 8 (T, -T,

namaeduiiiitunuiuusiusey - L =———In| — T 7
mia, |n\T;=T,

T t, Ao nadlunmvasidu
s A AIUNUITVDITUITY (RINNITRDNKUUTUIIUAUD 5
Hadung)

A, A INIIMTUNINITTANYANNTOUYINANERN (Thermal
diffusivity, mm?2/s)
T, fe  ouunpiwaaRnraoumian

T, @o  eungivanfuau
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azla

57 8 (240—60)
t. = 5 In 5
(3.14%)(0.17) | 3.14*\ 95-60

=1492 In(4.16)
=21.31sec

dmsvansAuiaamastiul aunsalduanduaiueenanuiiuild wiain

'
a

USraumsaivedyizey nudnseaniuuniudmIeienauviuinvuInunuiiloniaiii

Y

lhavantunudunudanatainiileniavineaniainiu vilngisuasyuanukenluluil

=

Uaanidauaglnssuuunuaiu wmsiziinaniziiganinanduanunaiafngaliudas
a . = & Yo & v ] @ A X ivda & P 9
alln (metling core) Iuduannalidnludesldinamaaidunuiudunianiayusu ey

< ¢ Uyl = S 9 | &
FuIMUIII LRI Agnssialull
' & o = = oA t — ln _
FIANNA LY UNYIANINA NYUITURUULLNULIBU ¢ 2

azla

. 52 4 (240—60)
© 7 (3.14%)(0.17) | 3.14\ 95-60

=14.92 In(6.54)
=28.05sec

sziiuliiniamaeidunyeinal@unuazeiuiuniiainaoduiinaduau

'
a a

AILLEBIIIN FIUNUIVINITNIAUTOUNINNINANTUNUEULNANTNAUAUIARITUIIY B

€

v

Fuaudanunuannduwinlusleniafagiia melting core ALianasiduiniufaziinun

(%
o

899U s1zaztulsmsidenldinaivastiunuunzauiioaniain1suantazaiuisalan

Re

Fuulpegralannie

vy ' '
v a a aa o

lun153deasedl tarlunisnaeiduaziidfdsuwacluniugumngiindivun

Y

\enfnyavsnareinskaniuae AL sounnNNg U HveINAIaRNNABUIAT WAL

<

gaunniiudiud dadud Ty, waza T, auadsu vililunisAiuinagendiogaanza
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NINA9YBINITBDNUUUNIITNARBUNITY (QUN)TYeINAARNADINAIN 240 °C Uag

=

DUNATWURUNT 60 °C) FNFULINIAINITNABLEUVDITUINUNDDNLUUIINNITAIUIUT L]

9 Y

ANSEIING 20 - 40 AU

1.5 nseurunangaludauluminunlanatamin

NauN15N 2 Tuundl 2 LansaunITaNnan3ILTaUTENINAIINTOUIINNAERN

v

wasuwaIaewliiuwliniduiusiunsaesumetluusazininsveanisan welile
MUNGENI Wendauseunidiguiiusiviiundndanusounaziesdioanainuaiiu Tu
aun1siinadanlanmualigamgianuiiuidainsndaiiansiududaz i) insveens

A a 1

20 nd1fie aunglinliunazliAramseniatudglitusandnlussuy wanadeaunis

9 Y

v

v U lﬂy
ATUAN AU

9,+0.=0
Wandauseuvesnarainuaeuvad amsaideuluguiuuaunisatuang feil

5 N
0, =107[C, (T, ~T)*hlp X

gt C, Ao AAmTeud e dwiunanadinielioaagegl 1,423 J/kg.oC

L, fo audeuulsveswanadn dmiunanadniedioaazegiiuszana
600 kJ/kg
£ fe mrumuiiiuvaeNmavemanain dwiunanannetieaily
WinAu 1.04 g/cm’

X fe s3uevieseniNgadudnangnasdy 9nn15eonwuuwiiy 10

mm

S A9 ANUVUIYENTUIIY 1NNNTRBNLUULYINAY 5 mm

Ty, #e quugiivesumanvsinanain fmuaAIna1weuisewiiu 250
°C

T;; e gumgiivastiunu dwsunanadniedioadldiviiu 95 oC
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azle

0, = 103[1,423(250—95)+600]x1.04x§x10
=5,752J

v [

Wandaufouvesivasiduiiduiusiung aunsaleuluguuuvannisle dsil

-1

1 1 1 _
=107 =¢, +¢ +—t¢ T, -T
O (2 e ) 0) 10°amd kS, (7, -7.)

el I, fe wandildlumsin dvuawindu 3.5 sec
A Nt ! [ o | v
. fe nawildlunisvaeidu nmuawingiu 25 sec

Ly Ao LaNLEuNSIUAUALIRLA AAUAWINAY 5 sec

o Al AduUsZANSNISONEMANULSOU

U

Ao LEuRUANINaNTRIINaRLEY 21NNITEBNRUULYINAY 10 mm.

¢ v

k, #oAmsihanudeuvewifius deyalulusunsy Molded3D

Y

ARUALVINAY 25,000 W/m.°C

U s

%)
o))y
®

¢ AduUszansvesgunsmindngvaeid
T, #o gaumgliusdinsineusunaeidu muaulinsiiiniu 50 °C
T, #o aamgiildlunisvaedu fuualisiiiu 30 °C

dwsudninavessumiagnaaidulunisihanudeuaunsadeumduaunisduuse-

¥
v A

a « DY) ! ¥
ansvesgunsaiidngudeidu (shape factor, S, ) lawisil
2

ln{ 2xsinh(27y / x)}
d

S; =

azle
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g - 27
: o] 200)sinh(277(20/10))
7(10)
_62832 _, .,
2.6881

AnsuandulsyansnisanemaANsau (heat transfer coefficient) vastivasiu

sl
31 395 3139516 000%
=4,975.77

dlethandunamdndanuSeuvenimaaify gl
f L |
0, =107 +25+ 5) : 1
2 10~ (4 975.77x10) 25,000x2.34

=10"x29.25x0.1583x58,434.33x20
=5,4142 J

=Il

(50-30)

a1

MnauMsananInLeudziiuliimdndamdeuiidgufiuiazianmiaiy
5,752 9@ wivldndndouiivvdenieenanusifanivindu 5,414.2 g Feidndeusousn
azannninveendnties enuiownnguuniveusfuifiiudhdeddunauunt
laildmunlaass Mnmsfuaiuuusaadffiuhidmunidlndifestumssenuuy
IuLwiazmwmamLﬁEﬂ,ﬁmsmuﬂmqmmﬁiumaﬁg%ﬂimﬁLLaza'amaﬁiaﬂmmW%umuLLGiaz

nsanleevian

gz

dnsunisauauangainusauluanudse i dun1saul eUsEuaLSuA UL
UFuasemsiwesiunisanlilarmninvesgumgluifailusaz Indnsuagu unniiuiy

dnLantiadnsuIuanasa
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1.6 YUABUNITDBNBUULLNUNIANATERAN

waInlavin1sAn¥In1seenuURLT kAL IUTINTaYas1 o T nTdunuas

o

lutuneusialufe NsurTanuiduguaiunieaniuuly neaneddniilaiinisniswdssy

e

6 v =

FuduuNuBuaTMmMenIe sliavamasufianisuasiunusenauiuiuwliuivanaud

ganuuuly degusnuan

SUN 1.9 wilfiuiaanarafinlylun15de (assembly mode)

Tud U 15U AU UUSTENBUVBILUNUNIANA AR NILWAAIAINANULAN

'
S 1

2ONUUUMETUSLNTURONMUUALTIR NT1H0797 CATIA V.5 lagazaSuteeanidu 3 ddu tawn

=

duiasiogiui (clamping side) diuudfiniiadous (moveable side) wagszuuyan

U (ejector system)

sUAIUUUALL T UNITUSENDULURUA NS aUA NS URAAILU AN T TULAS 998

U

nanain d@rusudalunaniniswendudlulunuinaisliaiuisatnlatenisesnwuulaagng

Y

[ '
= =

Fnaudelu Feazdiuliiuiuifioansuuiuuaifinissuu 2 iwan In15i81850a7ueuy
wiuinanHeAesiua1dd wasludfuidudsndaansadsusuuuuduanulunisda

WANARNIUAIUVDITUNUNAFOUAINLINIFIUGN 9 Lo



3
U

U

=1
]

.10 wiinndanatainiilgluniside (explode mode)

86
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[y

nsUsEnaulifiniaresurgludulseneurl suslunaiuegiun (clamping side)

noU ka133UTENOUTEUUYaATUIIU (ejector system) ANNAIELUNUNEIULATOUN

(moveable side)

Jumaun 1 Usznaulndyy (Guide bush) vum 25-60 713 4 Fuidrfiuusiiisyivan

JUABUN 2 IN15UTENDUBLNRUNDULASN (core insert) WNAULLALNAGN (core

plate) Inglaloss (d16 D20) Mvun 8 FuasluTuudiuninan lnaseiinsyilaililesslnlen

wsainNIiudRsiinasessuunsnyuIsuredbraluiifiu 9 nduansesdoudiunianlg

Nyluarduangdn M10-30 Ny 6 IalT

JURBUN 3 USENDUUNUULRNNUY (Clamping plate) LUAUMNURLALNTAN A YEN

56ATWIN M16-35 Ti9viain 6 99

Locating ring

I

Sprue bushing

Clamping plate

Core plate

Core insert

i
Y

JUN n.11 TunaunsusEnauwiiuidneagiui (clamping side)
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Tunouil 4 Usznauuniudraud (Locating ring) L Auukuusiiuivulagansdn

WA M6-14 719v131m 2 99
Jupaui 5 Usgneuuasni@n (Sprue bushing) iWriuuvmuinAuds NN
vulaganggnrwin M5-10 viaviaa 2 9

WoUsznauntuaTunaui 1 -5 walaglansnimaiuans azlawiiunduegiud

(clamping side)

U7 n.12 wifisidauegiuil (Clamping side)

Tudusioluisnavlsenoussuulastuauiiollusyneuiuudfiuidiuadeud

Sumnouil 6 Usznauidunszijd (Ejector pin) u1a 4-150 9117 3 FULATIUA 6-
150 §1191 4 TunavuvieRunay (return pin) YUIA 25-120 U 4 Fudhaunuuiisimun
Tifiuukunszjsuu (ejector retainer plate) Auusua

v o

JURBUT 7 Usenauuaunsey)aana (Ejector plate) ifiununseisuu lngdaidn

9

fuAILaNgIWIN M8-25 311U 8 A
Junaui 8 Usznauanauienundu (Return Spring) MNAULVISAUNAUTINATLLN

a9UTENDUIIUIU 4 TU



89

Return Spring

Ejector pin

Ejector retainer plate

Return pin

Ejector plate

I
Y

U7 .13 TunaunsuseneussuuUaniua (Ejector system)

dloUsznaunutunoud 6-8 wievzldszuuvantununugudaly luduseluay

° iy 2 Y o a ¢ A a
PszuulantuauiluusenauniusdfuiELAd aud
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'g‘dﬁ n.14 szuulantuau (Ejector system)

5 a o 1a fa acs . . Y v ra -3 [ o
YUABUN 9 NNNITUTENBUBNNUNDULETIN (Cavity insert) LINULUNLNKAN (Cavity

plate) laglaloss (d16 D20) Manun 8 FuaslUTuuiinvindn Ineseiinszislililosstnlen

1%

VsaAANINUBREiinaseseuuNTy Ul suradlralukiiud 9 nuuansesdouliunale
150uazduangdn M10-30 viaviun 6 ald
Jupoui 10 vinrsenaulnaiiu (Guide pin) 3uI9 25-120 919U 4 FULLIAY

L3 v A

wiuvanAsuaetiuiulnduylutuneui 1

o '
(Y =

FJunaui 11 1angnvuin 16-140 39U 6 Ju Fe8LU1ULINTE3 (Spacer bar)
NIADIU LA ILNULIALAEY (bottom plate)
Junoud 12 tszuulanuauiusenoudsaludunoun 8 u1UsEnaunsEnang

LVI9SRIVI9AR9U9
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Cavity insert

Cavity plate

Guide pin \

Eye bolt

Spacer bar

P

Bottom plate

JUN n.15 YupeunsusEnauuliusidiuiafeuil (Moveable side)

(7
Y

fumeud 13 thusifanindniivszneuludupouil 10 Uszneudiu Tnsanulving
UYL TUN T2 MAZILTIAUNaU wasduBaluUANFuWIA 16-140 31U 6 99
Fupeud 16 Usnousenudliu (Eye bolt) 3u1m M16 AU RuYiva NI
ansthe dvsudailesnuaifanilneiasuen
funouil 15 Usznauwifuridiuedouiiuasusifanidiueg fufidndefudaensy
on snuwidladfiuuayndyy amudduiiasfuidudunouandie
Fouszneuuiifuinndududidetuuda famsafasusifuidifueiesdn
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Abstract. Injection molding process is one of the most extensively used for manufacturing
plastic processes due to high productivity, high efficiency and also the manufacturing of the net
shape or complex design parts. In general, the finished plastic parts are a growing trend
towards using in automotive part, electronic appliance and require more direct appearance
surfaces. Nowadays, plastic injection parts do not need to be painted or coated for the
manufacturing processes and weld marks on the surface parts must be completely eliminated.
The objective of this study is to focus on the effect of gloss in plastic part using ABS
(Acrylonitrile Butadiene Styrene) materials and design of experiment by using Response
Surface Methodology (RSM) to independent temperature variables. This research represents
the optimize efficiency of the thermal factor in molding effect to gloss parameter on plastic
injection parts and provides the estimate of the parameter related to high-temperature behavior
in molding before injection process. The result of experiments have been obtained the
measuring point of cavity temperature at 70 °C, the injection temperature at 240 °C, and
injection speed 120 mm/sec on the 95% confidence interval.

Keywords: Injection molding, Heating and cooling, Gloss, Response surface methodology

1. Introduction

At the present, plastics manufacturing by using injection molding machines have been used in
widespread. Especially, the production of plastic parts such as automotive parts or electronic
component parts etc [1]. The parts have been designed the accuracy of control processes shows a
surface appearance and color tones, which are the focus on value-added and manufacture reduction.
To improve mold ability and physical properties of the plastic material have used in various injection
molding processes directly. By the way, the main manufacturing process can be reduced or replaced
by previous processes from a good design earlier. Workpieces or parts does not have the effect on
other influence in the painting and assembly processes. As more indirect benefits result will not invest
about new booth paint and reduce lead time, which in many methods in order to protect inherent
defects on final products to anti-scratch proof and eliminate waste.

The injection molding processes include filling, packing, cooling and ejecting processes, generally,
cooling stage takes up more than half of cycle time. Therefore, mold temperature has a significant
effect on a molding cycle and productivity, but low mold temperature may be melted a plastics not
well, and do not fulfill in impression and usually means lower quality in conventional injection
molding (CIM) process. In the CIM, mold temperature is kept at constant during cycle time although
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in the fact it fluctuates in the relatively small range of temperature due to the quality of injection parts.
In manufacturing commonly used the continuous cooling method by circulating coolant in cooling
channel, in order to target better quality and high productivity, mold temperature must be lower than
the transition temperature of plastic material [2-3].

In real manufacturing, plastic injection mold mostly uses the simulation to predict the finished
injection parts. Finite element method (FEM) has been applied the analysis of injection processes in
order to reduce the machine setting time [4-5]. Shih-Chih, Ni et al. [6] have proposed the control of
bending of the plastic injection parts. The principle of mold temperature based on experimental design.
For this reason, a new technology in injection molding has been required to commercial. Rapid heat
cycle molding (RHCM) technology has developed and attached in the near future. The difference
between CIM and RHCM processes is mold temperature control ability. The constant temperature was
controlled in each injection cycle by heating and cooling, which has been applied in the last century.
In RHCM process, the cavity mold temperature heated up higher than thermal deflection temperature
of plastic about 10 °C before melt plastic filling, and then cooling mold down quickly when packing
stage 1s completed to eject parts. Higher temperature molding situation, frozen layer in RHCM process
gives the result to melt flow resistance can be reduced, but CIM process that frozen layer can be
completely eliminated. From this reason, injection pressure and clamping force parameter required of
injection machine are decreased. On other properties of melt plastic when filling stage can be reduced
weld line on part surface significantly by increase mold temperature. Meanwhile, several types of
research in a literature using RHCM molding process demonstrates rapid heating and take more
effectively lengthen the melt flow path [7-8], improve the part surface appearance in automotive and
electronic component parts [9].

In RHCM process benefits on increasing productivity and shorten cycle time are necessary. The
heating method mainly uses in industries to achieve this purpose include induction heating, infrared
heating, gas-assisted heating and convection heating using hot fluids such as oil, water or steam [10-
11]. However, the parameter not yet clear about appropriate parameter to predict the deflection
problem. Sivaraos et al. [12] have proposed to a comparison about experimental design between
Taguchi method and Respond surface methodology (RSM), the results show RSM are more clearly
predicted and significant of all combinations of interactions and squared terms.

A corresponding RHCM process designed and constructed by FEM analyses and experiment to
evaluate thermal stress analysis also performed to evaluate thermal stress distribution in cavity
molding proposed to alleviate the thermal stress. Finally, the surface appearance quality of plastic part
on RHCM process was improved gloss surface compared with more benefits directly. Therefore, the
objective of the present research is to propose the optimize efficiency of the thermal factor in molding
effect to gloss parameter on plastic injection parts.

2. Mold Structure and Principle of Heating Technology

2.1 Mold and parameter design

Figure 1 illustrates the typical molding structure for developed heating technology with the hot oil
convection heating method. The heating channel is installed in cavity plate due to injection parts
appearance shown on this side only when the temperatures of the cavity side are elevated to preset
mold temperature controller unit will turn off to stop heating, and then the mold is closed for melt
plastic filling. Finishing injection part as shown in figure 2.

The plastic material used for the parts is acrylonitrile butadiene styrene (ABS) typed resin Toyolac
grade 700 - 314 supplied from Toray Plastics. It has the density of 1.04 g/ecm’ and mass flow rate of 23
g/10min. Before injection processes dying ABS material of 80°C for 4 hours and feed to the barrel.
The recommended processing parameter setting in table 1. All parameters carried on injection molding
machine using Toshiba Machine model ECI00S with 12A Barrel type, this model specification on

maximum clamping force 100 tons.



Table 1. Processing parameter in injection experimental.

Processing parameter Typical value
Injection temperature (°C) 200 - 240
Mold temperature (°C) 50-90
Injection speed (mm/sec) 100 - 140
Ejection temperature (°C) 95
Injection filling time (sec) 0.5
Packing time (sec) 3.5
Injection pressure (Mpa) 140
Cooling time (sec) 30-45

Figure 1. Injection molding design with the
hot oil heating.
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Figure 2. Structure of plastic injection part. Figure 3. Thermocouples channel

design on cavity molding.

2.2 Thermal response and gloss measurement design

As shown in figure 3 identifiers ‘P1°, ‘P2’, ‘P3” and ‘P4’ are four positions on cavity side for
measuring temperature responses. Using thermocouples type J in research due to the short range of
temperature measuring and well responsibility. The used material of cavity plate is a type of plastic
mold steel, typed S50C, supplied by Taikin standard mold base Co., Ltd., Thailand.

Point measurement of gloss on injection parts was set to close corners of injection parts, totals 4
point same thermocouples measurement points. Cause of this research focuses on thermal design
effect on plastic injection parts. In value added product surface research gloss appearance on the
surface measured by gloss unit (GU) with gloss level measurement method. It is also compatible with
the standard ASTM D523 using a portable gloss-meter model NHG268 supplies from Shenzhen 3nh
technology Co., Ltd., China. The planning of DOE and data analysis was carried out using the
statistical software package of Minitab 17.

2.3 Design of experiments (DOE)

The method of defining and investigating all conditions in experiments involving multiple factors
in known as Design of experiments (DOE). According to DOE are widely used in many factors
examples Full-factorial design, Taguchi method and Response surface methodology to performing an
experiment, varying the levels of all factors simultaneously rather than one, allows for interactions
between the factors.
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2.3.1. Response surface methodology (RSM)

Response surface methodology can be described as s technique on complex calculation processes.
To approach a suitable experimental design that integrated all of the independent variables and set
equations on the theoretical value of an output [13]. In RSM can predict response result by the
regression equation. First order use for linear surface and second order use nonlinear or curved
surface, shown as in equation (1) and (2) respectively.

k
5= B+ Y B+e (1)
i=l

k k Kok
y=5+ Zﬂ[x,- + Zﬁ!ﬁx,.z + ZZ ﬂil-x,-xj +é& )
i=l i=1

i=l j=I

2.3.2 Central Composite Design (CCD)

Response surface methodology comprised of several methods to design the experimental
procedures and one of them is Central Composite Design (CCD). Optimization carried out with CCD
can allow screening of a broad range of parameters as well as the role of each factor [14]. In addition,
CCD is also able to evaluate a single variable or the cumulative effect of the variables on the response.
Although this ability is shared with the other types of experimental design such as full factorial and
partial factorial method, it differs in a way that the experimental runs are reduced.

In figure 4 shows CCD components including factorial points, Axis points and center point using 3
variables factor mold cavity temperature (MT), injection temperature (HEN) and injection speed (VI).
The combination with center point 5 points, which used totals all of 19 experiments. The researcher
using 3 factors on rotatable design choose & = 1.68 and —a =-1.68 for axis points

Table 2 shows experimental design and levels design on chosen parameter 3 factors and 5 levels on
CCD. Each experiment produced injection parts total 5 pieces and before next experiment ejects
plastic parts 10 shots for equilibrium thermal system and condition in molding frequently.

o =

L @ = 9 «
o «®
[ ]
-a -a
Factorial Point Axis & Center Point Central Composite Design

Figure 4. Central Composite Design (CCD) design for three factors.

Table 2. Experimental design parameters and levels.

Level
Parameter Code —a -1 0 | a
Cavity temperature (°C) MT 532 60 70 80 86.8
Injection temperature (°C) ~ HEN 203.2 210 220 230 236.8

Injection speed ( mm/sec ) VI 103.2 110 120 130 136.8




3. Experimental Evaluation of Thermal Response

3.1 Experimental analysis data

Using design DOE by surface response method, the influence of independent variables was
investigated. And in combination with CCD measure at point P1-P4 by gloss-meter with ASTM D523
standard on measurement angle 60°, using statistic model for calculating average data 3 times per
measurement point. The result of gloss unit of the experiment as shown in Table 3.

Table 3. Experimental result using Central Composite Design for three factors.
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Central Run/Trail Cavity Injection Injection speed  Gloss Unit
Composite design No. temperature ( °C) temperature ( °C) ( mm/sec ) (GU)
1 60 210 110 85.26
2 80 210 110 89.11
3 60 230 110 91.68
Factoria NI 4 80 230 110 90.24
5 60 210 130 83.55
6 80 210 130 89.62
7 60 230 130 92.74
8 80 230 130 91.85
9 53.2 220 120 89.05
10 86.8 220 120 90.80
e bint 11 70 203.2 120 85.58
12 70 236.8 120 93.29
13 70 220 103.2 88.07
14 70 220 136.8 91.08
15 70 220 120 90.62
16 70 220 120 92.02
Center point 17 70 220 120 91.94
18 70 220 120 92.07
19 70 220 120 91.75
3.2 Data analysis

The statistical software package “Minitab 17" was used to analyze data results obtained from the
experiments. Using 95% confidence interval (a = 0.05), A normal probability plot shown in figure 5 is
used to relative magnitude and statistical significance. In the figure, points do not fall close to straight
line (red point) usually signal factors with the significant effects. And figure 6 shown Pareto chart
confirm the result displayed in figure 5 all of three factors have passed the reference line at 2.26 and
factor of injection temperature (HEN) having the largest effect on gloss surface. On remaining
parameter mold cavity temperature (MT) and injection speed (VI) was followed effects by
respectively.
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Figure 5. Normal probability plot response

Pareto Chart of the Standardized Effects
(response is Gloss, & = 0.05)
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Figure 6. Pareto chart response on gloss unit

From Table 4, the results can produce more evidence to support the influence of three factors
which matter on surface appearance or gloss unit. Using 95% confidence interval, the p-value found
for MT, HEN, and VI is less than 0.05. This three factors can be indicated on the main effect term on
gloss appearance. In addition, the square term is significant for all factors but interaction term is not

clearly relation on injection speed. Only on injection temperature could be influenced on interaction
term.



Table 4. Estimated effects and coefficients for response surface methodology on gloss.

Source DF Adj SS AdjMS F-Value P-Value
MT | 8.147 8.1471 16.86 0.003
HEN | 74.707 74.7073 154.64 0
VI | 3,121 3.1211 6.46 0.032
MT*MT | 6.241 6.241 12.92 0.006
HEN*HEN | 9.849 9.8486 20.39 0.001
VI*¥VI 1 8.754 8.7536 18.12 0.002
MT*HEN 1 18.743 18.7425 38.8 0
MT#VI | 0.963 0.9626 1.99 0.192
HEN*VI 1 1.867 1.8673 3.87 0.081
Lack-of-Fit 5 2.88 0.576 1.57 0.341
Pure Error 4 1.468 0.3669

Total 18 131.186

The result of mathematical on RSM can be created as contour plot on figure 7 and surface plot in
figure 8, both plots hold the value of VI at the center point of CCD. In that figure HEN become more
is better on gloss appearance but on manufacturing ABS material can be used in the range of 200 -

240 °C, if temperature more than 240 °C effect opposite properties on gloss appearance may be dull
surface. On MT parameter having effect followed by data analysis was chosen the level at 0.5 on

experiments about 70 - 75 °C to best condition for mold temperature control.

HEN

Contour Plot of Gloss vs HEN, MT

Gloss
k| < 800
W 800 - 825
825 - 850
850 - 87.5
B 875 - 900
Il 900 - 925
[ | > 925

Hold Values
Vi o

Figure 7. Contour plot of gloss unit on nozzle temperature and cavity temperature.

105



Surface Plot of Gloss vs HEN, MT
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Figure 8. Surface plot of gloss unit on nozzle temperature and cavity temperature.

3.3 Mathematical modeling

For the experiment on gloss unit can predict equation to find the best condition, analyzed data
output on R-square value is 96.69% total reliability can predicted equation on gloss unit. And
reasonable data can check by lack of fit data shown in table 4, p-values is 0.341 more than 0.05 so that
gloss unit equation can write in equation (3)

Gloss unit=91.691 + 0.772 MT +2.339 HEN + 0.478 VI - 0.676 MT*MT - 0.849 HEN*HEN -
0.801 VI*VI - 1.531 MT*HEN + 0.347 MT*VI + 0.483 HEN*VI (3)

3.4 Appearance of injection experimental

Appearance surface of ABS injection parts on gloss shown in figure 9, in the left part produced on
low-temperature molding affected gloss surface part to opaque or not shine. The heater on molding
temperature unit control cavity temperature equilibriums on each cycle can be produced gloss surface
to be shiny and make more valuable on parts. In the experiment, comparison molding temperature
between 40°C and 70°C respectively.

Figure 9. Comparison between ABS cover part on normal condition (left) and high heating processes
(right).
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4. Conclusion

In the present research study, the surface appearance of parts will be added value and more benefits
on plastic injection parts. Heating molding by hot oil and water impingement cooling is developed to
control the temperature of each cycle to constant. First cavity surface molding must be polished and
shiny on proposed. Moreover, the injection parameter having the effect to gloss appearance on
confidence interval. Base on the results, the following conclusions are obtained.

Parameter on thermal response was chosen on molding temperature and injection temperature. The
result of independent variables on gloss surface is clearly confirmed by mathematics software has
shown that injection temperature at end nozzle has the largest effect on gloss. The parameter of mold
cavity temperature and injection speed was followed effects by respectively. The proposed method
provides optimise value data using cavity temperature 70 °C the injection temperature 240 °C, and
injection speed 120 mm/sec on 95% confidence interval.

However, this research setting center point of injection temperature (HEN) at 220 °C cause of
normal melt temperature of ABS plastic is 200 — 240 °C. If adjust range of CCD upward on setting
parameter it possible to make higher gloss appearance surface. So that concerned to cavity temperature
when melt plastic was injected into cavity molding should be freezing or cooling stage behaviour on
melt plastic to rigid plastic. The upper side of axis point of cavity temperature (MT) level is higher
more than efficient rate of heating transfer out from melten plastic by cooling fluid. Due to cooling
time too long in each cycle can be effect on shrinkage in finishing parts and gloss appearance could be

reduce. And injection speed (VI) parameter make the high pressure in molding during injection cycle

could be heat temperature up inside cavity but this parameter on previous research have too long can
effect on warpage parts cause of gloss unit measure on parts will reduce too.

The future work will focus on designing and fabricating on RHCM technology with developed
technology and proposed on new cavity insert for complicated shapes, and optimizing the another
parameter to improve the heating and cooling efficiency, scratch proof and strength on plastic parts.
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