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ABSTRACT

The objectives of this research are to the study and analyze significant factors affecting
varied deformation in the ABS plastic injection molding process by using design of experiments and
injection molding process simulation with the Moldex3D programming. In this study, eight factors
were initially screened namely injection flow rate, injection pressure, switching over position,
packing time, packing pressure, melt temperature, mold temperature and cooling time.

As a result of using injection process simulation as of the fractional factorial experiment
design (28-4), the significant factors affecting to deformation were injection flow rate, packing time,
melt temperature and cooling time. Then the response surface methodology (RSM) with the central
composite design (CCD) the results showed that the maximum of deformation was 3.97 mm appears
condition of each parameter to be the injection flow rate of 58%, packing time of 6 sec, melt
temperature of 221°C and cooling time of 55 sec wear applied to analyze the optimum condition of
each parameter before simulating the injection process by Moldex3D programming results showed
that the maximum of deformation was 3.93 mm and applied to the actual injection process also
resulted the maximum deformation of 4 mm Hence there was no statistical difference between
simulation results and experimental results at 95% confidential interval level.

After implementation, the result showed a defective rate of 3.3% which meets the
specification limit of 5%. The contribution of this research provided a guideline on solving
deformation problem in ABS plastic injection process which is able to implement in the real

circumstance of production.

Keywords: design of experiment, simulation, injection molding process, automotive parts
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M3 2.1 AuanliAveInaIdan el (ABS) IN3AA1 [4]

Property ABS General ABS/PC ABS Heat Resistant
Specific Gravity 1.16-1.21 1.17-1.23 1.05-1.08
Tensile Strength (psi) 3300-8000 5800-9300 4800-7500
Flexible Strength (psi) 6200-14000 12000-14500 9000-13000
Elongation (%) 1.5-80 20-70 3-45
Izod Impact (ft 1b/in) 1.4-12 4.1-14 2.0-6.5
Dielectric Strength (Volt/Mil) 350-500 450-760 350-500

M99 2.2 ToduazdoIdevoanaladn ia (ABS) enfisumsutunaiaansiandu[4]

14

JoaupIna1afn wioa (ABS)

FoiFevoInaaan wilea (ABS)

1. Hardness

1. Opacity

2. Rigidity Without Brittleness

2. Weather

3. Physical Properties not Affect by Moisture

(This Leads to Dimension Stability)

4. Balance of Tensile Strength, Impact Resistance,
Surface Hardness, Rigidity, Heat Resistance,
Low Temperature Properties and Electrical

Characteristics

5. Stability Under Limited Load

6. Retention of Impact Resistance as Temperature

Decrease

7. Moderate Cost

3. Flame Resistance (Can be Improved with

Flame Retardant)




M9 2.3 AUANUAITINAA1Y YoInaIdan iied (ABS) INTAA 199 [4]

15

ASTM Medium High Heat Flame High
Properties

Method Impact Impact Resistant | Retardant | Modulusa
Notched Izod Impactat T (J/m") D256 160-270 | 270-530 75-300 140-320 50-150
Tensile Yield Strength (MPa") D638 35-50 30-45 56-60 35-45 65-95
Elongation at Break (%) D638 20-40 25-80 10-60 10-30 2-5
Flexural Yield Strength (MPa®) D790 55-75 50-75 55-90 55-75 95-160
Flexural Modulus (GPad) D790 2-3 4.5-2.5 2-3 2-2.5 4-9
Heat Deflection (C at 1825 kPa’) D648 75-90 75-85 90-110 70-80 95-105
Vicat Softening pt (°C) D1525 100-110 95-105 110-125 85-100 100-110
Rockwell Hardness D785 100-115 80-110 105-110 95-105 110-115
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A A A d aa
2.3 993U UATITHNINADA

23.1 MINATILHANNUTUIIN (Analysis of Variance; ANOVA) [2]

@

a 4 I A A Aq ¥ a =
MsaaszraNnulsdsiu (ANOVA) !fﬂumimu@ﬂi%ﬂﬂﬁ@ﬂﬁuyﬁgmmm U

a J
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T A A A 1 Y 1 d‘
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A

o
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Inansznuaen1magveInILlsnouaued (Y) 98n3uUegdn iuumﬂ"luafnﬂ”ls FINANHUSVOYA

A9913197 2.5

M3190 2.5 WanIenuAaAINAsYIALlIaeua LD [2]

ady a oA
o SRS
a1AUN
1 2 3 4 N a
1 Y11 Y21 Y31 Y41 LYl Yal
2 Y12 Y22 Y32 Y42 2N, - Ya2
3 Y13 Y23 Y33 Y43 AN 13 Ya3
j Y1j Y2j Y3j Y4j Yij Yaj
n YIin Y2n Y3n Y4n .Yin... Yan
HWa3IU (Ti) T1 T2 T3 T4 Ti Ta Tij
Was W (Ti) (T1)’ (T2) (T3 (T4)’ (Ti)’ (Ta)’
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We  Ti Ao wasamm%’auﬂamf’%ﬂﬁfﬁ i:i=1,2...,a
T Yisni o fe ﬁwmu%gaiuﬁﬂﬁﬁﬁﬁ i
Tij o Nammﬁ'au“av‘?mm =Yim1 2= Yy
N fio S1uudeyanomua =X n

MNAANNANY T ANOVA
Sample Size :n,, n,, n,, ..., n,
Sample Means : X1, X2, X3, ..., Xk
Sample Variation : Sf, S%, S2, ..., Sﬁ
Total Sample Size :n=n, +n,+n,+ ... +n,

Grand Average : X = Average of All n Responses

%’ % A v U

o 1 A ] = 1 A A A X dA Y
#1171 Grand Average 19 ANURAYIUDIAURAYDNN Gb'\iﬂﬂf)ﬂﬁﬁlﬁﬂWH1ﬁuﬂﬁ5@@@151i‘(’)u

e

V04 Sample Size 1N8UNU Total Sample Size LAZAUNDILAAS AN IUTUNITU
7= (™) %, + (22) %, + (22) % ) g
X_(n)X1+(n)X2+(n)X3+ Nt (n)xk (2.7)
ANTONIA Between-Samples Variation 31N UNIT
SSTr=n;(X; = X)? +n,(X, — X% + n3(X3 — )% + - + 0 (X — X)?  (2.8)

4 < o do w ] '
lﬁ@\i%’]ﬂﬁuﬂTﬁLﬂuﬂ']ﬁU'JﬂﬂuélJﬂ\‘]Wi]uﬂ'la\iﬁ'ﬂ\i %\‘]Gﬂﬂ%ﬂﬂﬂ’l\iﬂ’l “ Treatment Sum of

Squares” HAZISIENTOHIA Within-Samples Variation 3910&UNIT
_ym 2 )2 . yh2 = \2 . yns - \2 ng N
SSE =224 (%1 — %) *2j (%2 = %2)" + B, (x5 — %3) fetdjmy (xig— %)™ 29
& dy Y I~ =S 1T W 1 dy
FITUNITUFANY ﬂil%ﬂJﬂH‘Vﬂﬂ‘].lﬁllﬂ"liﬁ’f]llﬂu

SSE = (n; — 1)S2(ny — 1)S5++(ng — 1)S2+...+(ny — 1)SZ (2.10)
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4 Y ¥ .o ] 1A =
o991 lumslyd ANOVA UUA1 Variation dziiuaiuaasdavuiaveinu
ANIAINAOUOBNIINANNAY VOIDTTAITYa 1A% 15199158091 Error 1NUAII1 Variation 1811
¥ g 1 do w .. v 2
ﬁiJﬂ”Ii"l?I}%‘]‘]_I‘L!‘L!‘L!LTJUﬂ”IﬁW"Iﬂ”lWﬁ‘]J’JﬂGU’ENWi]uﬂ”IﬂQﬁBQ"UﬂQ Variation (Error) 157945 enMmUN

Sum Square of Error uaziior SSTr ¥139UNUAY SSE 1519455831 Sum Square Total
SST = SSTr + SSE (2.11)

9

107121 Between-Samples %30 Within-Sample YUY Sample HUIUDY Level H30

o < ' ' <
Treatment HULDI 511 Between NAHUNY 35U Level (Treatment) 93U Within ALNNED
senanedoya lunsay Level (Treatment) njang luda0819N92na 1209518115017 Degree

4

of Freedom 1af 4l

tﬁ' = g‘/ [ g‘.} d' =) o :Z ]

e SST A NATINMNYNA AdUU df = n-1 Iﬂﬁm n A9 WATINUDIVIUIUAIBY N

9 '
(Glgl}ﬂy'ﬁ) MIHUAIN N0 Level HULDI

D.

A o

Y '
SSTr ﬁﬂ WNATIN 1IN Level ANUU df = k-1 IﬂEJ‘V] k A991UIU Level H UL
2 s

SSE Ao Has W iinaeIn Pnadoyavednn Level #a1iu df = nk ya1lszannisidoan

1 < 1 4 1 L
A1 Degree of Freedom ﬂlWS”I%LﬁG%}i’Nﬂﬁﬁ'lﬂ”l MAYVDIUAS NI IUFUNTS

SSTr

MSTr=—"" 2.12)
MSE = > 2.13)

Lﬁ’ﬂ MSTr : Mean Square for Treatments (Between-Sample)
MSE  : Mean Square Error (Within-Sample)
893189132119 MSTr 11 MSE o A1 a0anl9maaell ANOVA (Test Statistic) &4
= ] 1 A Y <3 =< Y 2 A J
I3UIYNYe) I F LW@iﬁN@QLﬁHﬂWWi?NﬂI@Q ANOVA ﬁ]ﬂﬂumiﬁ;ﬂclugﬂmin SHILIYNIN

ANOVA Table #39115197 2.6
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M9 2.6 MINATIEHAMNNT159U (ANOVA Table) [2]

Degree of Sum of Square Mean Square
Source of Variation F Test
Freedom (df) (SS) MS)

Between Sample

k-1 SSTr MSTr = SSTr/k-1
(Treatments)

MSTr/MSE

Within Sample

n-k SSE MSE = SSE/n-k
(Error)
Wa3IU n-1 SST

2.3.2 MINAAOUANYAFIY (Test of Hypothesis) [2, 12]

NMINATDUVTUYATIU (Test of Hypothesis) L‘]Jl!ﬂﬁ ‘]J’Juﬂﬁﬂﬂﬁuimv‘l@EJ‘L!EIL!F]’JHJL“M)

a

1 ] d d v a = S A d a = d =
’E]EINGLWE'JEJN‘Vi‘LNLﬂEJ’Jﬂ‘UWTi11!L@l@‘iﬂ@‘ﬁﬂ']ﬂﬁﬂTJ“”ﬂLﬂﬂﬂJui]i\‘] !,Lﬁ‘“!iElﬂ"’llf]ﬂ’NiJ‘V]L!ﬁﬂ\m\iﬂﬁ
HANUAIANINUIDY Lﬂuﬂl@iﬂﬁllﬂiﬁuﬂﬁh'ﬁlﬂﬁﬁﬂTJ ﬂ!ﬂﬂﬂluﬂiﬂﬂ%‘m TL!LGIN’GTQG] (Statistical

Hypothesis) Taun @ UNATIUN an  (Null Hypothesis; H) uazauyy jj 1 uﬁ U (Alternative

. a o a 1 g a 3 a
Hypothesis; H,) Tﬂaauw;@mﬁ n Ao ﬁumﬁmﬁt%muﬂuﬁma zMiRATuTS wazdeariing

i1 H Y
ﬂﬂﬁ@ﬂlﬁ@ﬁ%gﬂg!ﬁﬁﬁmﬂﬂf@WHﬁ muﬁummuau ﬂ@ a1 ﬂmmmiﬂuﬂumammwaum

*
E4

msaaaulauunaaeuauyag i lomalumsianainld 2 iia Ao [12]

Y
v A

a { a a @ I a
1. ANUAANAIALULAN 1 (Type 1 Error) ﬂ15ﬂ§]£ﬁﬁﬁuuﬁj§1uﬁ ananluanuiduese

(% Y Y

a 1 ' v v o w . \ v W J
AUYATIUHANYNADIBEIAT (8N 1T2AUBHEIATY (Significant Level) inudrodayanyl o
a ~ 1 (a a @ ?x‘z A I
2. ANNAANAIALUUA 2 (Type I Error) M3 I sauydgiunannailuanmiy
Aa a @ [ [ [ 4 o
vauuAgIuan ligndssunudrodydnual B uaz 1-p Avsrualuminaaen (Power of
a 3’; Y axy v A YA [ v o w d' a1 ::
Test) TumsnadouduuAgIUiuaoseenuuuIsMIaaau v Iilszautisdnyainuazinime
1 A Y o = A ?1’1 dy d’ Y v A A Y
13 0.05 130 0.1 nazlnennalumsnageuliaiganga natimelimsdaaauluaen H, deq

n3zed19laNaTeITUNFAIUITI FaiEena1 Msaadulaluugudy (Strong Conclusion)
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o v a (J aa o o a 4
2) mMuuadIsNsanaule é’lj’lElﬂ”Ii‘Wi]"IiilﬂﬁdG]’Jﬁ’ﬂ@ﬁ?ﬁiﬂﬂ"ﬁﬂﬂﬁ@ﬁ‘lﬁﬂﬁ%&@]ﬂi
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]
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Jouluveen13naans (Reproducibility) ttaz fnuariemsUasuazmssoniunieldarszau
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CLAREV IR
3) PPNULUMINARGY AIBMIMKHUAVLIAAI061 Tag]Re 1 lumInadovey
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4) dutiumsnaasinunesnuuy’ly

=

5) aaaulaawasmsaaduladmmua’ld Tasmindeyasdnielurrimseonsy
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= = g‘/ a @ dy A
LAg Iﬂﬂuﬂluﬁ@uﬂﬁ‘ﬂﬂﬁﬂﬂﬁuuﬂﬂ1u AU AD [2]

Ho: p=p=pm==q, 2.14)
[ d' o = 1= 1 d' 1
(ﬂm}awmmsﬁﬂyﬂuuwa@mﬂmﬂawuﬂawmmmuﬁum)

H @ p#p:3; (2.15)
@lsenmmsanuinasemslasulasusiniaouausd)
1 d’
UALBIN Y, =UHT T g (2.16)
SRTES K TUTT (2.17)
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v @

< Y1 g U A an (a ua 1w = a
%3L1{i1!1ﬂ31ﬂ”| T, = 0 MUY mmaﬂmammﬁﬂgumzmmuwmmﬁm”ﬁmm&u

a YA £ A
avuagulaongluuunii fe

tﬁ' % = 1 1
H,: 1.=0 ie (Jadelilinadomnouauos)
H : 170 e (Jalslinaaemaouaued)
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9 v Y
AUUMTNATOUANNAT U TUADUAT
9 ]
VUN 1 Mruaszaued Iy (o)
g‘; d' o % QQtd' 9 [ dy
VUN 2 MUIUAITDAN TNATIUIINANNITAIL
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MSE
F, —m,v—(a-l,N-a) (2.18)

Y v
A=

VU 3 myagilwa

wiias H, 1o P-Value = P(HF ) W30 vUias H, 1o H, » Fg, (a-1, N-a)

Y o

<3 7
VBAUNA fﬂi‘l’]ﬂﬁﬂ“ﬂlﬂuﬂ'lﬁ“lflﬂﬁ’é]UﬂNLaEJ'anuu

a J
233 MIIATIZHANINYNADIVDITOYA [13, 14]

9 o

UE) A a A 7 ES g Y A wa
ﬂWiﬁl“HﬂJﬂy'ﬁLW@@‘ﬁU18&Lﬁ$ﬂ1iﬂlﬂi'l$ﬁﬂ'ﬂllLlﬂﬁﬂiﬁuuu mﬂﬂﬁﬂWlﬂu@@ﬂNﬂﬂ!ﬁuUﬂ

U

3 a I a
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IIENGEN

] d‘ o a 4 d‘ [ A a a
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o = Y 9 A v 9 2 ] 9
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a J a d o o A ]
amiwﬂwaulﬁj ﬂ’]i'JLﬂﬁTﬁWﬂ'J’]llgﬂﬁgl}ﬂﬁsllf]\'lLLU°]Jﬂ']a@\iﬂgﬂﬂlv!L!fﬂﬁW1uﬂ15ﬂﬂﬁ@ﬂlﬁﬁlﬁa@
. 9 = Y o 1% L4 =2 . ) o 9 A . o @
(Residual) VDIVBYAFILUNUAITYANH €ij HU18D9 Residual fgvsyvalan j Yo95zavave
nilay
ejj = Vij — Jij (2.19)

. Y &R oA [ N 1 1
o MUz (Fit) URERTREa Yij FINAUNNY y; UUIYAITUIN ARMIEER ALY
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1. MInaaeuANNGUYDITeYA (Run Test)
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Resichials Viersus the Order of the Data
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2. nnaTauNsuINUIIUUYNA (Normal Probability Paper; NOPP)

a g ~ < 1 Y A o a o
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3. ﬂ"mnﬂﬁaummm'ﬁasmmmmuﬂsﬂsm (Test for Equal Variance)
o v J 1 a
22 19n31ANuTURUTIZ119 Residual 1182 Fit 1UnNInasanaNuadssuo a1
uilsdsaudadiednalunnn 231 vinanuulsdsiulianuadesudin1snizagdiusaa

Residual Muiiotazldidu o arstvualndifeady

Residuals Versus the Fitted Values
(response is ¥2)
2
®
[
.
1-
[ ]
. ° *
5 . .
T 0
w
& 3 ® .
¢ [ ]
°
-1
®
°
°
72_ 1 1 1 1 1
20 30 40 50 60
Ftted Value

MU 2.31 @20619nT1ANNTUNUT 211919 Residual tag Fit

2.3.4 MANAITNTIZANAINAR (Brainstorming) [15]
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Factorial Fit: Hours versus OrderSystem, Pack

AL
Session Estimated Effects and Coefficients for Hours (coded units)
Term Effect Coef SE Coef T P
Constant 12.573 0.1929 65.20 0.000
OrderSystem 3.097 1.548 0.1929 8.03 0.000
Pack -2.320 -1.160 0.1929 -6.01 0.000
OrderSystem*Pack 1.730 0.865 0.1929 4.49 0.002

S = 0.668069 PRESS = 8.0337
R-Sq = 93.79% R-Sqg(pred) = 86.02% R-Sq(adj) = 91.46%

Analysis of Variance for Hours (coded units)

Source DF Seq SS Adj SS  Adj MS F p
Main Effects 2 44.9152 44.9152 22.4576 50.32 0.000
OrderSystem 1 28.7680 28.7680 28.7680 64.46 0.000
Pack 1 16.1472 16.1472 16.1472 36.18 0.000
2-Way Interactions 1 8.9787 8.9787 8.9787 20.12 0.002
OrderSystem*Pack 1 8.9787 8.9787 8.9787 20.12 0.002
Residual Error 8 3.5705 3.5705 0.4463
Pure Error & 3.5705 3.5705 0.4463
1

Total 1 57.4645

Estimated Coefficients for Hours using data in uncoded units

Term Coef
Constant 12.5733
OrderSystem 1.54833
Pack -1.16000

OrderSystem*Pack 0.865000
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Normal Plot of the Standardized Effects
(response is Hours, Alpha = 0.05)
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Aave Fuhdeyassnandaitesluns19iins1giimauaz nan3zny (Cause and Effect Matrix)
A o o [ o o A 1 o & gld' = [ =
LWﬂﬂ1ﬂ1§ﬂ1‘ﬁuﬂi$W]Jﬂ’ﬂiJﬁWﬂﬂJuGll’é)\?ﬂ%ﬂﬂﬂﬂ1ﬂ31%1lﬂuqﬂqﬂﬂﬂﬁhWaﬂigﬂﬂﬁﬂﬂWiTﬂ\‘l\iﬂlﬁﬂ
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,:; a d v v 1 o Ao 1 =
A1 19N 3.5 mmmﬁwwmmﬁuwuﬁﬁzmwmauazwammﬁ%amwammimﬂgﬂ

AU (@UNAUANITTLANANINAR)
- : . ALUUUTIY
a1y | ngquilads | ex | BN | sv | sc | sc | sc | pc | pe | pe | MG | MG .
(1 110)
1 2 1 1 2 3 1 2 3 1 2
1 FEMsUSuAs 10 9 10| 10 | 10 | 10 9 9 9 10 10 | 106 (96.4 %)
2 HaRIA 9 8 9 9 8 10 8 10 9 8 8 96 (87.3 %)
3 ANV FUNU 7 8 8 8 7 9 7 8 8 7 7 84 (76.4 %)
4 Jngau 7 6 7 7 7 8 7 8 7 7 7 78 (70.9 %)
5 1AT099NT 6 6 7 8 7 7 7 6 8 8 6 76 (69.1 %)
6 minau 5 6 6 5 6 6 5 6 6 6 5 62 (56.4 %)
7 aamMziIndon 4 2 2 4 4 3 4 3 2 2 3 33 (30.0 %)

a d 1 = £ ' 9 a
4. M3uATRaurguoayIms Invtedegvesyudiulasldunuginus Ia
o o 1 o
NI NLAAIANVTURUTIZHIIUNAUAZHA (Cause and Effect Matrix) 031998
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9 a 4 = 2 1 9 a
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0 & . . ) 2 '
uwﬁ'ﬂ,uuwuﬂﬁaammumammmﬁ’u (Screening Experiment Design) Tuvunouse 11

3.2 MIPSNLLULNUMTNAGDUTDIAY (Screening Experiment Design)
dSI Y a o dy d’ o % d‘ o [

AFOONLUUNITNAADULDIAU LNV 1H0991NI1UIUTIVENUINIIANITNABD
A o d' o 9 A Y Ty A [ a rd
PUIUVINUAZINDAAITUIULNUNITNADDI IHINADU0ID UAGUNIINDADNITIUAITSH
a a [ [ d' o I o K A = 1
ansnavedfadea1eq Miinaaes gI98 IuasnuruMIITNAaoIulaneFsauIaaIu

o J 4 a a 1 (Y] (-9}
(Fractional Factorial Experiment) mmmﬂmammmﬁ'u Lﬁﬂﬁﬂymmwammgmaxszﬂuﬁ%ﬂ
1 d' ~ 1 3’1 ~ wa A I [ ~
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Ao QS o A ° A a ]
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nawazaunulumsnaaewinunumInaaesaneisoa@ugy (Full Factorial Experiment)
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aANaIaan (Simulation) IﬂEJT“IJ')'L!ﬂiiJ’JlﬂiWﬁﬂﬁﬂﬂWﬁ1ﬁﬂﬂ Moldex3D HaZADITDANADINY
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Y [
@oglvesudunuNauguani lanzuuugIganMmAianIsZANAUAA (Brainstorming)
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2 WUN ﬂTWWS”Illmi’Ji‘VlﬁJﬂ’JWNLﬂu"lﬂ]lﬂVIi]zllNaWf)ﬂﬁIﬂN’OLﬁﬂgﬂﬂlﬂﬂ"’Huﬁ’Ju@]’mEJN y
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navua 4 ngulng Ao

oA 1 a P 9 (% . Yy
naudl 1 MWSIMeI NNeIToINUNIAT (Time) 1ALN
1. painaaanvalus NIz UenRa (Resident Time)

Y
2. nalumsaad (Packing Time)
1 < . .
3. nanlumsviaegu (Cooling Time)

VoA 1 a A A £ @ [ 9y !
AU 2 AWM NNBITDINUANUAU (Pressure) 1oL
1. ﬂ31wﬁuﬁ11uﬂ150’e)ﬂﬁﬂ§ (Back Pressure)

2. ANUAUDA (Injection Pressure)
Y
3. ANUAURAN (Packing Pressure)
a 1A 4 .
4. 159NN (Clamping Force)

VoA 1 a S A Y o 3 Yy 1
ngud 3 Awnsimes NneteenuANuEaIzEzNa laun
1. iz&lz“ﬁjﬂﬁﬂg (Metering Stroke)

2. 3282813504 (Cushion)
~ o = I A %‘ . 5
3. srezilaguiaazaaunagl (Switching Over)
<
4. ANNITITOUANG (Screw Speed)
[ <
5. 9M31A2 W50 (Injection Flow Rate)

VoA U a S A Y o a 9 U
nguil 4 MWINNNS NNYITOIN YA (Temperature) 1ALN
1. guugNWaIaANaoumal (Melting Temperature)

a

2. UNANNTTUONNA (Barrel Temperature)

Q G

3. qmwaﬁgmﬁmﬁ (Mold Temperature)

a Qy ra J
4. QmwQ:umm:ﬂaﬂ%mmeeﬂmmmwuw (Demolding Temperature)
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o v A v o 9 g Y
Tﬂﬂtﬂmmiuﬂ”ﬁﬂmaﬂﬂﬂ%ﬂﬂumn (KPIV) U93N1590NUUULUNUNITNAQDIUUDIAU

<
ATNNN 3.6

o A < U £ 1 o
fveazdenmmzadeninnuiiullIdnndeyalu 3 daudredull srwaziBeanien naasas

a v A v o 9 ~ 9 3
AN 3.6 MsAaaeniaveian (KPIV) ‘Vﬁlg‘lﬂfjuﬂ1i‘ﬂﬂaﬂQ1umuWBUﬂ1§@@ﬂLL‘U‘U!LWUﬂ']i

Y
nAaoddioadu (Screening Experiment Design)
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— msri
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o o a e 2w NANAUA ANTIH
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9 A ANUANA . ISTGNIZNN
(@oyaluumi 2) Tasuuuinaed
1 | guvigiwa1a@dnvasunal (Melting Temp) ] i} i} 1aen
2 | gaungiinszuenia (Barrel Temp) a i i ladon
a 1A o = =)
3| QUUQUUUWUW (Mold Temp) u u 1] 1aen
P
- 2 AT
gunNvuzanFuILoDNIINUNNLNW (- - - Ca
4 i} 3% Wil liiden
(Demolding Temp)
5 | szvzdneng (Metering Stroke) i T i laidon
nanaaaniauylunszuenia = .4 “ o
6 b} 13idi aidi lsiiden
(Resident Time)
o ) = (= = A
7 528281594 (Cushion) iy 13i% U Tiirden
< 12 = 1
8 | ANWIGITOUAN] (Screw Speed) i il i ludeon
9 | ANuAUMUMINBEENg (Back Pressure) i aigi i ladon
= 9 2w\ Y2
szoznlasuvanizaatluiad S , . )
10 u u u 1@en
(Switching Over)
1Y = = = =
11 9813102103999 (Injection Flow Rate) iy y U 1@en
12 ANUAUDA (Injection Pressure) i i BRI
a3 . a =
13 ANNAURNAYT (Packing Pressure) y U 1@en
~ ¥ . . =
14 narlumsaad (Packing Time) U U 1Ben
a 1a 4 = =) ]
15 | usadauaiun (Clamping Force) 13id a lsiiden
T I~ = =
16 | nalumsnaodu (Cooling Time) i ] 1@en
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1nA1519 GIseasodadeniateiudt  (Kpv) vz lulinaaesluununis
4 9 . . . A o v Aa ¥

9NUUUNITINANDIUDIAU (Screening Experiment Design) eAansetfatenlinansenyla
?l}/ Qv QU dgl
naua 8 ade Agil

1. guMQinaaAnaoNmad (Melting Temperature)

a 1a -4
2. UUHUUUNUN (Mold Temperature)
{ o & 3 Lo
3. szazlasusarizaailunagt (Switching Over)
o <3
4. 9A31ANN5IA (Injection Flow Rate)
5. ANUAURA (Injection Pressure)
Y
6. ANUAURAN (Packing Pressure)
Y
7. nalumsaag (Packing Time)
g : )
8. na1lumMsviaoy (Cooling Time)
9 o ¥ Ay a ke A4 q 9
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nm ANNAY

(Time) (Pressure)

g o a3
nalumsvasiy ANUAURAYT

—

(Cooling Time) (Packing Pressure)
208 ANUAUDA
nalumsiad N
(Packing Time) (Injection Pressure)
2
S duau
\ =S
, Tnaseidayy)
szozilasuianizna gaHinaaanaaumad

1$luRad (Switch Over)

(Melting Temperature)
=) v = a ra 4
ﬂ'ﬂiJS'Jﬂﬂ /BAIINITNA PUUDUUUNNN

(Injection Flow Rate) (Mold Temperature)

AMs Az QUM
FLYTNN (Temperature)
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v o 9 K 9
'ﬂ%‘ﬂElu'llelﬂcll‘!ﬂ']ﬁﬂﬂa@\iﬂ']llllwuﬂ’]ﬁ‘ﬂﬂa@\uﬂﬂ\i@]u



v A @ o A &‘ Y
322 ﬂ']iﬂﬂla’f]ﬂﬁzﬂllel]@\iﬂﬂi]ﬂ%i%iuﬂTTﬂﬂaﬂQLu@Qﬁu

113
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19 dnBAULAI VOITUNY
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AUAA  (Brainstorming) Y037y TagW15 01500 Yoyanuauianie voaia

a

Q

[ v 2 =2 A [ Aq v = = [ dy
ANHUSHAN) VOITUITU i’Jllulﬂﬂ\‘]Lﬂif)ﬂﬂﬂiﬂi“ﬂuﬂﬁ‘ﬂﬂaﬂﬂ Tagiis1eazeanail

[ a

q' A 1 a ~ ~ Y 3
3N 3.7 AUTUUANNC) YBINATAN (DULDH (ASB) wi%gﬂmmﬂﬂumsmam

Q

=

AAUN

Physical Properties
Properties Method Unit Value
Melt Flow Index (10 kg/220°C) ASTM D1238 ¢/10 min 21
Izod Notched Impact (1/4", 23°C) ASTM D256 Kg-cm/cm 25
Tensile Strength at Yield (23°C) ASTM D638 kg/cm2 435
Flexural Strength at Yield (23°C) ASTM D790 kg/cm2 620
Flexural Modulus (23 °C) ASTM D790 | x10'kg/em’ 2.35
Rockwell Hardness (1/4", 23°C) ASTM D785 R-Scale 112
Heat Distortion Temperature (1/4", 18.6 kg/cmz) ASTM D648 °C 88
Heat Distortion Temperature (1/4", 4.6 kg/cmz) ASTM D648 °C 96
Flammability UL-94 - HB (1.5)
Chemical Properties
Chemical Name CAS Number EC Number | Percent Weight
Acrylonitrile Butadiene Styrene Copolymer 9003-56-9 Polymer 97-99
Processing Technique
Drying Temperature 80-85°C, 2-4 hrs
Processing Temperature 190-240°C
Mold Temperature 50-80°C
Softening Point >100°C

9 a

14

9 9 o a . . a2 Aav
nnveyaluming 4398 mnatian13szaunIuAA (Brainstorming) TagnuIvaluns

Y

Aa 4 d‘ o 1 a d A 9 g Y

AATITHINDAIMUAAINIT IR0 A9 e lFlunisnaasulesdulasununisnaasy
Y

uaneiFeau1adiu 2 2" Fractional Factorial Experiment) luvupoune 11 s10azdeaves
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M1 3.8 msagimmnimesvesadvitianuiiulyldiezdinanems Inseidegives

2 U o 1 a o a a
FUTIUAIDINNNNTAATIEH LAUNANANTTEANANINARA (Brainstorming)

998 AMnawes N
1. 87315979 (Injection Flow Rate) 50-80 %
2. ANUAUDA (Injection Pressure) 60-80 %
3. svoznlaousinziafludad (Switching Over) 90-98 %
4. nanlumsdadh (Packing Time) 4-8 Sec
5. mmﬁ’uﬁﬂgw (Packing Pressure) 60-80 %
6. QUHQUNATANIABNIYAY (Melting Temp) 220-240 °’C
7. QRN (Mold Temp) 60-80 °C
8. 1na11unIMaedy (Cooling Time) 30-60 Sec

) Y Y gao o o o Aq Y d
NUDYAVNAY M’Jﬁ]EJﬁWN'IiﬂﬂTﬁuﬂﬁzﬂ‘U"Uif)\‘]ﬂi]ilﬂ‘ﬂcl‘b’iuﬂ”li‘ﬂﬂaﬂﬂﬁlueu‘u@]@uﬂﬁ

& X . .
’e)ammumsmammm?fu (Screening Experiment Design) ﬁ?ﬂl!ﬂﬂﬂﬁ%ﬂﬁ@ﬂl!ﬂﬂ%ﬂﬁﬂa

STRNEa o} Y] (Fractional Factorial Experiment) HEAIAINITIN 3.9

M319N 3.9 Jodeuarszauvesifanenieg NihuiinisnaassmNLrUMsnaasuaneisea

paau 2t (28_4 Fractional Factorial Experiment)

[ JeALVDI Y
sslunisnaaeaiioadu (Screening Experiment) | dayanyal nUY
Low High
1. ANuEIAA (Injection Flow Rate) A 50 80 %
2. ANUAUDA (Injection Pressure) B 60 80 %
3. svoznlaousanzAadludad (Switching Over) ¢ 90 98 %
4. a1 lumM3Idac (Packing Time) D 4 8 Sec
5. ﬂ31uﬁuaﬂ§1 (Packing Pressure) E 60 80 %
6. QUHQUNATANIABNINAT (Melting Temp) F 220 240 °‘C
7. QuUUIIRUW (Mold Temp) G 60 80 °C
8. nanlunsnaedu (Cooling Time) H 30 60 Sec
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3.2.3 MIMAUAMNANUAUDI1UNTNARDI (A1 Y)

Y
luns31a049 (Simulation) ATTVIUMSRAFUAIUNAIEAN 11/51ATU Moldex3D
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v Y
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Y
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198U 2% (2" Fractional - Factorial Design) 141508 ALUULNUNTNAADUL0IAY 11199910
Y [
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Effects) 1taznansznuvedjadesin (Interaction Effects) 1@ 1110991nUnUMINAA03IAIna11 18
1 H Y
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Create Factorial Design - Display Available Designs Fz‘

| e Design E‘

Avallable Factorial Designs (with Resclution)

4 [Full|

Factars  Runs

el

27 10,242,
1L 12,202,200
1215 20,2428, 36,0,
1619 20,24,28,32,...,

48
4
4
4

8 [l v
16 Rl 11y O O

Factors

Run 2 3 4 5 6 7 & 9 10 11 /12 13 14 15

Ul v oMM WM N NN
Bl v v oW
(R R v v v
Available Resolution 11T Plackett-Burman Designs
Factors  Runs Factors  Runs
23 428,323,498 %W 404448
42 WARBALMAD 4043 44
2631 32,36,40,44,48 4447 48
235 36,40,4,48

Type of Design

Help

Mumber of factors: |5+

(& 2-level Factorial (default generators)
(" 2-level Factorial (specify generators)
(" Plackett-Burman design

(" General fullFactorial design

(2 to 15 factars)
(2o 15 fackors)
(2to 47 fackors)
(2o 15 fackors)

Display Available Designs. .

[ [P

OF Cancel |

Help

Hurnber of blacks:

Designs Runs
1/16 fraction 16
1/8 fraction 3z
1/4 fraction 64
1/Z fraction 128

Humber of center points per block:
Mumber of replicates for corner paints: | |

[ ]
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Create Factorial Design - Designs

Resolution Hp)
v Z**(8-3)
T 2**{8-2)
VIII g**{g-11

o]

Caniel

M 3.23 supumsaieusumsnaaesaneiFeauiediu 2 TaeT15unsu Minitab

519N 3.10 urumInaaoaaneiseaudIu 2 (2% Fractional Factorial Design)

Factors
L Inj Inj SW Packing | Packing Melt Mold | Cooling Ay
Order Flow | Pres | Over Time Pres Temp Temp Time (mm)

@ | ® | © (D) (E) (F) G (H)
1 50 60 90 4 60 220 60 30
2 80 60 90 4 60 240 80 60
3 50 80 90 4 80 220 80 60
4 80 80 90 4 80 240 60 30
5 50 60 98 4 80 240 80 30
6 80 60 98 4 80 220 60 60
7 50 80 98 4 60 240 60 60
8 80 80 98 4 60 220 80 30
9 50 60 90 8 80 240 60 60
10 80 60 90 8 80 220 80 30
11 50 80 90 8 60 240 80 30
12 80 80 90 8 60 220 60 60
13 50 60 98 8 60 220 80 60
14 80 60 98 8 60 240 60 30
15 50 80 98 8 80 220 60 30
16 80 80 98 8 80 240 80 60
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Fractional Factorial Design

Factors: i Base Design: 8, 16 Fesolution: Iv
Funs: la Feplicates: 1 Fraction: 1/16
Elocks: 1 Center pts (total): 0

Design Generators: E = BCD, F = ACD, = ABC, H = AED

Alias Structure [up to order 4)

I + ABCG + ABDH + ABEF + ACDF + ACEH + ADEG + AFGH + ECDE + ECFH + BEDFG + BEGH
+ CDGH + CEFG + DEFH

& + BCG + BDH + BEF + CDF + CEH + LEG + FGH
B + ACG + ADH + AFF + CDE + CFH + DFG + EGH
C + ABG + ADF + AFEH + ELE + BFH + DGH + EFG
I + ABH + ACF + AFEG + BECE + BFG + CGH + EFH
E + ABF + ACH + ADG + ECD + EGH + CFG + DFH
F + ABE + ACD + AGH + ECH + BDG + CEG + DEH
> + AEBC + ADE + AFH + ELF + BEH + CDH + CEF
H + ABD + ACE + AFG + ECF + BEG + CDG + DEF
4B + CG + DH + EF + ACDE + ACFH + ADFG + AEGH + ECDF + ECEH + EDEG + BFGH
AC + BG + DF + EH + ABDE + ARFH + ADGH + AEFG + BCDH + ECEF + CDEG + CFGH
AT + BH + CF + EG + ABCE + ARFG + ACGH + AEFH + ECDG + EDEF + CDEH + DFGH
AF + BF + CH + D& + ABCD + ARBGH + ACFG + ADFH + EBCEG + EDEH + CDEF + EFGH
AF + BE + CI' + GH + ABCH + ARDG + ACEG + ADEH + EBCFG + EDFH + CEFH + DEFG

! E4
mwii 43 3UuunTnseadesouyeq Main Effects 11a2 Interaction Effects

Y
A o

1 < < ~ 9 o a 4 Aa a Y
981\1uliﬂﬁ"lllfns‘ﬂﬂa@ﬂufl]"l!']JLl‘V]5]3@]f’]QV]TﬂWﬁ']Lﬂi”I%WWﬂﬂJ@Q?JT]‘ﬁWﬁm@ﬂﬂﬂﬁ]fﬁ]ll

A v o
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wae Weglugefimunzay momhmsnaassinsizinavesoninavesfaten s drayao
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v X
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MY (A5 Inwerdeglvesyudiu) odrazidealudunouae 11 §3ve 39lddoya Main

3 { a d g o
Effects Plot 1182 Interaction Plot 11 1@910M13 AT IZiNanIINaaouiesdy i lslunmsmivua
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Main Effects Plotfor Y (Max.)
Data Means
5 Inj. Flow (A) Inj. Pres. (B) SW. Over (C)
4.8 -— —a . . . .
= T T T T T T
50 80 60 80 90 98
A Packing Time (D) Packing Pres. (E) Melt Temp. (F)
5
D 48 - . e
= — T ’ —
4.24 T T T T T T
4 8 60 80 220 240
Bed Mold Temp. (G) Cooling Time (H)
4.8 . . ‘\
s T T T \I
60 80 30 60
d' . a o S22 RAAT [ 1 1 1
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Interaction Plot for Y (Max.)
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a < @ o w ! g
ﬁ’t]ﬁﬂJTiﬂ’JlﬂiW%‘ﬁaﬂHﬂ!%ﬂWﬁ\‘]ﬁ@Q (Second Order) 'lﬁ'?ﬁﬁqmazuaﬂmnﬁuwumﬁmam
aana1 2z Liviin1snaasannya Comer Point tnilounseonuuunsnaasusnnoizon 19
midazaanlunmsiinanaasssiudalsendadunuuazinarlunisnaass uadsaso
a 4 a A (% [] =) 9 = A a 9 A 9
’Jlﬂ51$1’iNﬁEU’EN’E]“VIﬁWﬁﬂJﬂQﬁ%%ﬂ@ﬂNﬁ&@ﬂﬂUlﬂ (?ﬂlﬂiﬂﬁﬂHWLWNmﬂJVlﬂ%WﬂUﬂVI 2) RULIRTIGENNG]
“’I?I}"I\Ws])‘l! mmsaﬁmumzﬁmmﬂﬁaiumimaﬂqmmmumimamuuuﬁ’mwauﬂaN (CCD)

Y o dl
Tadaa1s199 4.3



M3 4.3 MImruaseauveaite U naassuURUMSNARRILULEIUNE NN

128

. oY szAUveILfadeY :
ode anyal 1
-0, -1 0 1 o
1. 6031 NEIAa
A 35 50 65 80 95 %
(Injection Flow Rate)
2. nanlumsaad
D 2 4 6 8 10 Sec
(Packing Time)
3. guMgiMasuMaINAIAAN .
F 210 | 220 | 230 | 240 | 250 C
(Melting Temp)
4. 1AMa0IIY
H 15 | 30 | 45 | 60 | 75 Sec
(Cooling Time)
A o Y
Wwomvueald

7 -a Llag o ﬁi’] mimamﬁ@ﬂiuumuﬂu (Axial Point) U9N1598ALUUNITNADD
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Mmaai 4.4 g‘IJLL‘U‘UﬂJENLLWUﬂﬁE]E]ﬂLL‘U‘UﬂTiﬂﬂa@QLLUUdﬂuWﬁMﬂaN 31 Run Order

seautavy
Run sammsata | nalunsiad | quvgivaeumvamaddn | nemdeidy
Order | (Injection Flow Rate) (Packing Time) (Melting Temp) (Cooling Time)
(A) (D) (F) (H)

1 -1 -1 -1 -1
2 1 -1 -1 1
3 -1 1 -1 -1
4 1 1 -1 1
5 1 -1 1 1
6 1 -1 1 -1
7 1 1 1 -1
8 1 1 1 -1
9 -1 -1 -1 1
10 1 -1 -1 1
1 -1 1 -1 1
12 1 1 -1 1
13 1 -1 1 1
14 1 -1 1 1
15 -1 1 1 1
16 1 1 1 1
17 -0 0 0 0
18 o 0 0 0
19 0 - 0 0
20 0 o 0 0
21 0 0 - 0
2 0 0 o 0
23 0 0 -
24 0 0 0 o
25 0 0 0 0
26 0 0 0 0
27 0 0 0 0
28 0 0 0 0
29 0 0 0 0
30 0 0 0 0
31 0 0 0 0
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1998 (Factors)

o g = o 2 qmﬂ{]ﬁﬂﬁﬂwlﬂﬁj 0 & 215121351
Run BDATIAINLIINA !3a11uﬂ1§'ﬂﬂ51 - In1vavign ,
naaan (MY)
Order | (Injection Flow Rate) (Packing Time) (Cooling Time)
(Melting Temp) (mm)
(A) (D) (H)
(F)

1 50 4 220 30
2 80 4 220 30
3 50 8 220 30
4 80 8 220 30
5 50 4 240 30
6 80 4 240 30
7 50 8 240 30
8 80 8 240 30
9 50 4 220 60
10 80 4 220 60
11 50 8 220 60
12 80 8 220 60
13 50 4 240 60
14 80 4 240 60
15 50 8 240 60
16 80 8 240 60
17 35 6 230 45
18 95 6 230 45
19 65 2 230 45
20 65 10 230 45
21 65 6 210 45
22 65 6 250 45
23 65 6 230 15
24 65 6 230 75
25 65 6 230 45
26 65 6 230 45
27 65 6 230 45
28 65 6 230 45
29 65 6 230 45
30 65 6 230 45
31 65 6 230 45
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@

NUANUNTODNUUUNITNABDUVUTIUNTNNAN 31 Run Order Lﬁﬂ:ﬁ aﬁ”uﬁﬂu"lm
[ o o Qy 1 a a d U
NIINADIN N ll‘]J‘imﬂ"Iii]"la?Nﬂiz‘]J’J‘Llﬂ"liaﬂ"]ﬂ!ﬁ?i&WﬂWﬁ@]ﬂuﬂg’Jmﬁzﬁﬂ”IﬂﬁIﬂNE’JL?TEJETJ
2 1 9 = 3’; Y o = 9 ! ' =
vou¥uaIuale 1dsunsuy Moldex3D 8Nf3J LLﬂ’J‘VI”IﬂﬁDu‘ﬂﬂﬂ]@yjﬂﬂ1ﬂﬁiﬂﬁﬂlﬁﬂgﬂ WaNIT

NARDIUITAIAIAITIN 4.6

v Y
MINN 4.6 HANITNARDINITTIADINTZUIUNMTAANAAANTUAIUAIDY

Tae11/51n51 Moldex3D AMLANUMTNAADILUTIUNTUNA (CCD)

11998 (Factors)
| . L x| uvgiviasumad | Wanol
Run BATININLIINA naﬂummﬂm - PR GRITE ,
naaan (MY)
Order | (Injection Flow Rate) (Packing Time) (Cooling Time)
(Melting Temp) (mm)
(A) (D) (H)
(F)

1 50 4 220 30 5.095
2 80 4 220 30 5.208
3 50 8 220 30 4.874
4 80 8 220 30 4.938
5 50 4 240 30 5.728
6 80 4 240 30 5.782
7 50 8 240 30 5.365
8 80 8 240 30 5.485
9 50 4 220 60 4.148
10 80 4 220 60 4.181
11 50 8 220 60 4.132
12 80 8 220 60 4.197
13 50 4 240 60 4.267
14 80 4 240 60 4.258
15 50 8 240 60 4.253
16 80 8 240 60 4.319
17 35 6 230 45 4.138
18 95 6 230 45 4.269
19 65 2 230 45 4.545
20 65 10 230 45 4.153
21 65 6 210 45 4.936
22 65 6 250 45 4.669
23 65 6 230 15 6.232
24 65 6 230 75 4.282
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v Y
M3 4.6 HANITNAADINITTIADINTZUIUMIAANAITANTUTIUAIDGN

Tae 1151053 Moldex3D MNUAUNTNADDIVUTIUNFNNAN (CCD) (719)

1998 (Factors)
» — -z = — Nan e
Run DATININLIINA naﬂumiﬂﬂm UNNUYaDULITAY In1viavigy . v
Order | (Injection Flow Rate) (Packing Time) naaan (Cooling Time) m

A) (D) (Melting Temp) (F) (H) (mm)
25 65 6 230 45 4.248
26 65 6 230 45 4.248
27 65 6 230 45 4.248
28 65 6 230 45 4.248
29 65 6 230 45 4.248
30 65 6 230 45 4.248
31 65 6 230 45 4.248

a o 1 2 J U
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4.4 MAMIAATTHIAEITMINUAINANDL (Response Surface Methodology) HasNIUAIITH
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Residual Plots for Y (Max.)

Normal Probability Plot Versus Fits
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Response Optimization
Parameters

Goal Lower Target Upper Weight Impaort
T (Max. ) Minimm 0 1] B.5 1 1

Global Solution

(&) Inj. Flo = E3.0303

(D] Packing = f.36364

[F] Melt Tem = 221.313

[H] Cooling = 55.6061

Predicted Responses

T Max. ) = 3.97330 desirability = 0.388724

Compozite Desirability = 0.385724

Optimization Plot

v A J v
MmN 4.7 doyansinIziHanouNMuNZay (Response Optimization)

Optimal (A) Inj. (D) Pack (F) Melt [H) Cool

D Hciﬁh 95, 10.0 250.0 ~75.0
r [58.0302] [6.3636] [221.3131] [55.6061]
0.38872 | gy 35.0 2.0 210.0 15.0

Composite
Desirability

03872 |——4—- | ———t |t /»«x

Y (Max.)
Minimum
¥ =3.9733
d = 0.38872

/.

v
S v

~ A A Ao q Y ' 1 2 2 o A
MNN 4.8 Wﬁﬂ@ﬂ‘ﬂmmzﬁuﬂﬁjﬂ‘ﬂﬂﬂ‘ﬁm Y (ﬂ1ﬂ1'§1ﬂwmﬁﬁl§.ﬂﬂlm“ﬁuﬁ?u) m‘mjﬂ NnIzal

I IS L S N

A & -4
ANULIBDUU 95 LI]E)'H'!GI)"L!@] (0=0.05)
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M990 4.7 A3 1PV IFUAIU19V1D (RH Side) Ndaldannszuiumsiassaneld
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No. 1 3.9 3.9 3.6 32 2.6 3.0 2.8 2.8
No. 2 4.1 4.2 3.5 3.1 2.8 2.9 2.6 2.6
No. 3 4.2 4.1 3.6 32 2.8 32 2.9 2.9
No. 4 4.1 4.1 3.8 3.4 2.6 3.0 3.0 3.0
No. 5 3.9 4.0 3.7 33 2.8 33 2.8 2.8
No. 6 4.1 4.1 3.8 39 2.7 2.9 2.7 2.7
No. 7 4.0 4.1 3.6 32 2.6 3.1 29 2.9
No. 8 4.1 4.1 3.8 33 2.7 3.0 2.8 2.8
No. 9 4.1 4.0 3.5 34 2.8 3.0 2.8 2.8
No. 10 4.1 4.2 3.7 3.2 2.6 33 3.0 3.0
Average 4.06 4.08 3.66 3.26 2.70 3.07 2.83 2.83
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No. 2 4.1 3.9 3.6 32 2.6 2.8 2.7 2.7
No. 3 4.2 4.2 3.6 3.2 2.7 3.0 2.8 2.8
No. 4 4.1 4.1 3.7 33 2.6 3.1 2.8 2.8
No. 5 4.1 4.1 3.8 34 2.7 2.9 2.9 2.9
No. 6 4.2 4.2 3.7 33 2.8 3.2 3.0 3.0
No. 7 4.1 4.1 3.8 3.1 2.7 3.1 3.0 3.0
No. 8 4.0 43 3.6 33 2.9 3.1 2.9 29
No. 9 4.0 4.0 3.7 3.2 2.6 3.2 2.7 2.7
No. 10 4.2 4.1 3.8 3.1 2.5 2.9 2.9 2.9

Average 4.09 4.09 3.71 3.22 2.69 3.02 2.86 2.86
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One-way ANOVA! A1A15 1 A versus 3 asisiikig

Jource DF a3 M3 F P
Cl 5 0.0691 0.0138 1.32 0.277
Error 38 0.3930 0.0105

Total 43 0.4671

% = 0.10235 R-%q = 14.79%  ER-Sg{adj) = 3.57%

Level i} Mean athew
DOE. Fezsponse Optimizati 2 3.9700 0.0000
Injection (LHI) 10 4.0900 0,0994
Injection (LHZ) 10 4.0900 0.1z287
Injection (FHI) 10 4.0800 0.0966
Injection (FHZ) 10 4.0800 0.0919
Simalation MoldexaD & 3.9300 0.0000

Individual 95% CIs For Mean Based on

Pooled StDew
Lewel L e +-—————- - +-————-
DOE. Fesponse Optimizati [—-—— - R ]
Injection (LHI1) R pp— T i
Injection (LHZ) [ pp— Femme j
Injection (FHI1) [E— e ]
Injection (FHZ) fmmm——— Fmmmm ]
Simnlation Moldex3D [mmmmmm o L ]

Pooled StDew = 001023
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Sheet 1 of 1
Process Flow Chart
Part Number - PZ049-0K010 Date Revision Record Issue By
Part Name - REAR LAMP CHROME COVER 2 Feb 11 HNew Issue Mr. ADUN
Vehicle Model : 326A 1 Apr 11 Revision 1 Mr. ADUN
WICHIEN DYNAMIC INDUSTRY CO_ LTD. 28 Nov 11 Re ion 2 Mr. ADUN
PHATHUMTHANI , THAILAND 23 Mar 12 Revision 3 Mr. ADUN

Component Parts & Mate

I List

326A Injection SoC
0090200795

ABS # AP-102 SoC EPE. foam bag

S=32x58CM SoC

Tape Die Cut RTa012
RIL 326A #1RH SoC

No. Part Number Part Name Sup FPlant Critical Process
1 0090210539 Rear Lamp ABS Cover RH 328A Chrome SoC Sritong Samut Prakan
2 0090210540 Rear Lamp ABS Cover LH 326A Chrome SoC Samut Prakan
3 0090200794 Rear Lamp ABS Cover RH 326A Injection SoC
4 0090200795 Rear Lamp ABS Cover LH 3268A Injection SoC WDI.
5 ROS020003 |ABES # AP-102 SaC M_C. Plastic
6 0300000113 PP Box Rear Lamp 326A RH INF SoC CRES PACK
7 0900000114 PP Box Rear Lamp 326A LH INP SoC CRES PACK
8 FPEOO000O31 EFE. foam bag S=32x58CM SoC CRES PACK Pathum Thani
9 0636300194 |Tape Die Cut RT8012 R/L 326A #1RH SoC KL Nakhon Pathom
10 0636300195 |Tape Die Cut RT8012 R/L 326A #1LH SoC K.l Nakhon Pathom
11 0636300196 |Tape Die Cut RT8008 R/L 326A #2RH SoC K.l Nakhon Pathom
12 0636300197 |Tape Die Cut RTS8008 R/L 326A #2LH SoC KL Nakhon Pathom
13 0636300198 |Tape Die Cut RTB8008 R/L 326A #3RH SoC KL Nakhon Pathom
14 06836300199 |Tape Die Cut RT8008 R/L 326A #3LH SoC K. Nakhen Pathom
15 06836300262 3M Tape RTE8012 S=10x185 mm. SoC K.l Nakhon Pathom
16 TSOEMO0013 STK tabbing tap (Red) SoC KL Nakhon Pathom
7 TSOEMOD012 STK tabbing tap (Blue) SoC KL Nakhon Pathom
18 MOOEMO0010 Installation Manual Rear Lamp 326A (Thai) SoC Sangaroon L Pathum Thani
19 MOOEMOOD16 Installation Manual Rear Lamp 3Z8A (Eng.) SoC Sangaroon L Pathum Thani
20 CK2P055025 STK. Tag Labe FZ043-0K010(1Set)SoC TOYOTA -
21 BSOEMO003T Corrugate Box Rear Lamp 326A SoC 5.51AM Nonthaburi
. iE i v Remark : SPECIAL CHARACTERISTIC
Relation Receive Store/
Delivery
O <> SN NG © (&)
Operation Inspection
0090200794
Rear Lamp ABS Cowver RO8020003 PEDODOODO31 0838300194 0838300185

Tape Die Cut RT8012
R/ 326A #1LH SoC

9

UDYaA

U

Rear Lamp AES Cover CP 5 CP 5 CcP
LH 326A Injection SoC Receive Reaceive Receive Receive
Preheat I 5 I 10 iIc 15 Ic 20
Inspection Inspection Inspection Inspection
M 10
Injection CP 10 CP 10 CP 10 CP 10
Stock / Stock / Stock / Stock /
M 15 Delivery Delivery Delivery Delivery
Bending
0200000113 0O00D0O114 DE36300196 DE36300197
M 20 PP Box Rear Lamp PP Box Rear Lamp Tape Die Cut RT8008 Tape Die Cut RT8008
Trimming and 326A RH INP SoC 326A LH INP ScC RiL 328A #2RH SoC R 326A #21 H SoC
gate cutting CP 5 CP 5 CP 5 CP 5
M 25 Receive Receive Receive Receive
Buffing and
pre-finishing Ic 25 Ic 30 I 35 Ic 40
M 30 Inspection Inspection Inspection Inspection
100 %
Inspection CP 10 CP 10 CP 10 CP 10
L Stock / Stock / Stock / Stock /
Inspaction Delivery Delivery Delivery Delivery
CP 10 0636300108 0636300100 0636300262
Stock / Delivery Tape Dis Cut RTE00S Tape Die Cut RT2008 3M Tape RTED12
RIL 326A #3RH SoC R/L 326A #3LH SoC S5=10x165 mm. SoC
Chrome Plating CP 5 CP 5 CP 5
By Supplier Receive Receive Receive
{SRITONG.)
iIc 45 Ic 50 Ic 55
3 Inspection Inspection Inspection
0030210539 0030210540
RearLamp AES Cover Rear Lamp ABS Cover CP 10 CP 10 CP 10
RH 326A Chrome SoC LH 326A Chrome SoC Stock Stock / Stock /
CP 5 CP 5 Delivery Delivery Delivery
Receive Receaive
Ic &0 IC &5 MOQEMO00 10 CK2P055025
Inspection Inspection Installation Manual {Thai.} STK. Tag Label
Rear Lamp 326A SoC PZ040-0KD10(1Set)SoC
CP 10 CP 10 CP 5 CP 5
Stock / Stock / Receive Receive
Delivery Delivery
L= Ic 75 Packing
Inspection Inspection
P 10
CP 10 CP 10 Inspection
Stock / Stock /
Delivery Delivery FG 5
Stock
BSOEMOD0037 MOOEMO0016 TSOEMODOD12 TSOEMODOD14
Cormugate Box Installstion Manual (Eng.) STK tabbing tap STK tabbing tap FI 5
Rear Lamp 326A SoC Rear Lamp 3264 SoC (Red) SoC (Blue) SoC Inspection
CP 5 CP 5 CP 5 CP 5
Receive Receive Receive Receive FG 10
Delivery
iIc 80 Ic 85 Ic 50 Ic 85
Inspection Inspection Inspection Inspection
CP 10 CFP 10 CFP 10 CFP 10
Stock / Stock / Stock / Stock /
Dalivery Delivery Dalivery Delivery
Route : Submit Return Original
Keep a copy Keep Criginal
[ Doc No. @G - MOC/PFC - 001d I Rev : 01 |

Process Flow Chart Y0452 UIUMIHNAAFUAIU Rear Lamp Chrome Cover 326A
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AP102

Description:

AP102 is a plating grade of ABS resin that is especially designed for electro plating of
injection molding. It is recommended for automotive parts (radictor grill, motorcycle
parts, and name plates), knob, TV compenent, and cosmetic packaging.

Remark: The values presented on the above are typical labgratory average, not to be construed as specifications and may
vary within moderate ranges. The applicabllity or the accuracy of this information or the sultable of our products cannot be
guarantesd because the conditions of use on the part or our uses are bevond our control.

Physical Properties: Method Unit Valuve
Melt Flow Index (10 kg/220°C) ASTM D1238  g/10min. 21
Izod Notched Impact (1/4", 23°C) ASTM D256 Kg-cm/cm 25
Tensile Strength at Yield (23°C) ASTM Dé38 ka/cm? 435
Flexural Strength at Yield (23°C) ASTM D790 kg/fcm? 620
Flexural Modulus (23°C) ASTM D790  xlt*kg/cm?  2.35
Rockwell Hardness (1/4", 23°C) ASTM D785 R-Scale 112
Heat Distortion Temperature (1/4°, 18.6 kg/cm?)  ASTI Dé48 o 88
Heat Distortion Temperature (1/4", 4.6 kg/cm?)  ASTM D&48 °C 94
Flammability UL-74 - HB [1.5)
L % \\\
Processing Technigue e
o
Drying Temperatire: - 80-85°C. 2-4 hrs z
Processing Temperature:  190:240°C =
y m
““However, the actual pt}n‘ming c':\mciﬂons depend onmold design, power of machine, screw =]
configurations and ether environments. ** 5
=
o
a

fere REV. 20110601
uBdh Toosw dria (i)
555,27 quecuLstinaumdng cns Bl 6 NULONOSHAG KERDOINS IODGNS NEDOW 10000 e +66[) 26497000, 641012649 7777, Iiinti: +66{0)2649 7002

RPC Public Compony Limied
555,72 Enwtgy Complan Buiding 8, 4™ Fioor, Vishovadi Boag Rood, Chatucha Bangto | 0000 THALAND, TEL «54(08 2649 P00, SOIIIOM0 F777 AKX «SOMTE0M - 2000 wiiipe cotll. wwwlipcsa bt com
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Manufacturer : HAITIAN

Model : HTF-380W

Advanced Information :

Power in Tons :

380T

Dist. X Between Tie Bars :

730 mm (28.7 in)

Dist. Y Between Tie Bars : 730 mm (28.7 in)
Screw Diameter : 65 mm

Shot Weight : 1127 g (39.7 oz)
Opening of the Press : 700 mm (27.6 in)
Mould Size : 280-730 mm
Type of Control : APC7000

$1002100AUDIUATDINANAITANVUIA 380 AU TN Hai Tian 3U HTF380W 1

156



MANUIN U

doyamsdszanaunantasanszuIumsaanaaanae 115105y Moldex3D



158

Satting method : | Machina mode 1 (by profile) ~
| In this mode, users cant set the |n1ac1-iun time dlﬁ:ﬂy
The injection time is determined by flow rate profile and
packing time settings
Process File | | MDXProject20121025_1
Mash File ;| Regs Lamp 3267\ mds:
Material File || ABS_ Lmtr
Machine Settings
Hai Tian - HTF380W1/J5-A, v View

o o a : a T a Jd g
“lall’é]iJ‘.ﬁﬂTiﬂTﬁuﬂ’Mf‘]ﬂ‘U Lﬂ%f]\‘laﬂW’s’lTﬁﬂﬂLLﬁZﬂTWﬁ'ﬁJLﬁ@iﬂNﬂ Tuvupou Project Settings

Item Vake | Uni |
Einw mathod General ;1 .

Ar Temparatula 25 oC

Eject Tempemturs 108 oC

Conlig Time 55 sec
Moid-Open Time |5 sec

N\
Y [Cooling ChannebHeating Rod_ || Mold Metal Material .|

] Estimate Cooling Time. ]

o 1 a J 4
“lall’é]u‘.aﬂTiﬂTIfiMﬂﬂ'lW'li'lﬂJLﬂf]iﬁT\i‘] Tuvunou Cooling Settings
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Filling setting

Stroke time - | 173120 ‘ sec

[ Flow rate profile (1) l

[ Injection pressure profile (1)... ]

VP switch-over

|By volume(2%) filed v| as |90 %

Packing setting

Packing time - | 5.96 | sec

lF’an:king pressure refers to end of filling pressure A

[ Packing pressure profile (1)... l

¥
y __F.'fi Melt Temperature 225.7 oC

Mold Temperature |BU oC

[ Advanced Setting...

Y o ' a J g —— . .
VBYANTNIUUANINITIULAD TN Tuvunou Filling Packing Settings

Flow rate profile - (3.85, 0.89)

Type: :LFluw Rate (%) vs. Ram Position {mm) w ([ Section No.: | 1 | 2 @g C}
Profile type
100.00 T (&) Stepwise
80.00 O Polyline
50.00 :
Stroke time -
g F0.00 I___|
1128 | sec
~ 50.00
= Inject volume -
2 5000 [278.854 | emia
_g 40.00 —
= z000
20.00
10.00
0.00
B404 7564 6724 583 5043 4202 3362 2521 1681 840 000 AtsPrafie
Ram Position [mm] [ Capture

Section | Section-1
= T
Ram Position {mm}) 84.0442 oK
o e 0 E

Mazx. pressure = 211.00 MPa, Max. flow rate = 267 62 cm*3/sec

o g‘; 1 a A 3‘1
‘ﬁ’a34“auammiﬂmmmmimmaﬂmumu Flow Rate Setting
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Injection pressure profile - (14.33, 2.27) [z
Type: !Injection Pressure (%) vs Ram Position (mm) ~| SectionMNo: |1 |2 @g C:'
Profile type
(0 ) Stepwise
S Ci Palyline
g 8000 _
Stroke time -
w  70.00 —
2 3 sec
% B0.00 -
o Inject volume -
£ 5000 |—| .
J04 [ cms
E 40.00 e
E 30.00
= 2000
10.00
0.00
84.04 7564 G7.24 5883 5043 4202 33.62 2521 1681 8540 0.00
Ram Position [mm)] m

Section

| Section-1

Ram Position {mm)

Injection Pressure (%)

g

Max. pressure = 211.00 MPa, Max. flow rate = 267 62 cm"3/sec

o & a o g
611'e']14“auﬁmmﬁJiummwwimmaﬂumumu Injection Pressure Setting

Packing pressure profile - (0.17, 2.22)

Type: EPacking Pressure (%) vs. Time (sec)

~ | Section No.- II| 2

Don't consider maximum packing pressure limitation for solver calculation.

Profile type
100.00 ) Stepwise
90.00 T Palyline
g 80.00
w7000
7 60.00
]
£ s000
P 4000
o 2000
=
L 2000
10.00
0.00
000 060 119 179 238 299 358 417 477 536 596 AutoProfile
Time [sec) Capture...
Section | Section-1
Time (sec) 00 DK
Packing Pressure [96) 60

o & a o 2
HEAINsUSUAIMMNITINN DS luTUn DU Packing Pressure Setting
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Conling_fverage Temperature

Moldex
65 Bun 1Rea Lamp 3260 moa/ AES LUMGABSI00IM_LmtyDiPrjectd0131025 1o

- 0 Rrgy B0 3=853 Avp: B4 o0 (Enharced Sober) Ep=381 267 Fc=7 30 Em=l) {FasiCooft <eDesigni>
B o

BG40, 07 093210282012

9

Moldex3D

[Fiing]
Filing time (sac)

Melt Temperature (oC)

Mold Temperature [oC)

Maxrmum njection pressure (MPa)

Injection volume {cm™3)

Maximum packing pressura {MPa)

[Coolng]

Coolng Time (sec)
Hok-Open T fest)
Ejact Temperature {oC)

Ar Tempematura (oC)

[Mscefianeous]

Cycle time (sec}

Maszh fia

' a S A A Y
“ll’é]iJ‘.aﬂTiﬁ?]JﬂWWTi'liJWl’é]'i@l'l\‘]c] NINYIUVDN

o.731201

221

80

211
278.884

5.96
211

33

108
23

6284913
Rear Lamp 326A.mde

U.T 1000

50

a { 1 < o
doyaudnigunil lasimds (Average Temperature) U3z UUNABIEUVOVUTIADI 1151051

161
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™ Time = E0¢
Moldex
56 Run 1Rea Lamp 3264, moafaES_UMGABSA00IM_LmiyeDiPrmjecta012102% 1 pro
‘Ek_; 25 Rng =325 3¢ Avy 356 % (Enhanced Sofver] Ep=341, 267 Ex=7 3 Em={ {FasiCoall <eDesigni>
150
R0 101107 0925 10282012 500

AR b oo 1040

] o
doyauanaina Cooling Efficiency Tuszuuaduveuui1aee115unsu Moldex3D

Cooling_Average Temperaturs [oC] v +P+R
0%  10% 20% 3% 40% 50% 6&0% A0% ED% S0% 100%

B5.253

| 0.018%
£3.508

| 00365
BL345

| 0ioz80
80,284

| 00465
7E.512

| 0.154%
76,350

| 0.2280%
7525

| 041485
73.837

| o.852%%
TL3TS

[ i.ss4e
70,313

[] 4.355%
£8.551

[ ] s222%
56,530

] ize34m
65,328 i

———
£3.556

| | zms12%
62,004

[ 1304605
60,342

Range==560.3424~E5. 2654, Avg=564.8033,50=2.455=+000

U < o
ﬂ’l’au‘lmmmwa Statistics of Average Temperature luszuvvasguvenyydiass llsunsy

Moldex3D
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3]
Fiing - Totd Waight
4532 =
12110 3
wE -
266 -
G
a2 3 i
] ’:»-ww[o] |
] } : T
- dex | . |
(LR R L L A LA LN AL A L AR
000 [l 01 0188 e 4313 0% fr: 1502 1554 1=

Tine 1]

YoYauTAINA XY Total Weight voau1uT1a011)511n50 Moldex3D

Modsl_Thickness [-] : +P +R
0% 10% 20% 30% 40% S0% &0% 0% E0%  90% 100%
6811
| o.5408
5351
| 0.155%
5312
| 0.272%
5452
| 03458
5.013
| 03348
4,583
| 0.5540%
4,114
| 14259
3,584
[ z.411%
3,215
] 27.306%
2,785
[ 7383
2,315
[] 7.z51%
1555
[ W
1417
[ 5517
0,357
= 11.729%
0,518
[ 1275204
0,088
Range=0.0650717~5.60717, 4 vg=1,92159,50=1.416=+000

Gﬁ'au”auﬁmwa Statistics of Thickness Y04L1UI1804 11511051 Moldex3D
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158.461
151.936
145.412
138.887
132.363
125,838
115,314
112,790
106,265
F3.741
93.216
56,632
80.167
73643
67.118
20,524

Packing_Average Temperature [oC] = +P +R

0% 10% 20% 30% 40% 50% 60% 0% E0% 0% 100%%

| 0.000%:

| 0.000%:

| 0.000%:

| 0.000%:

| 0.000%:

| 0.000%%

| 0.000%%

| 00038

| 0.085%%

| 0.514%

[ z.023%
[ 1z57m
— A LT

— 2370

Range=60.554~158.461, Avg=73.8059,5D=6.735e+000

164

UEAINE Statistics of Average Temperature (Packing) VoIuUUT1a09 1151054 Moldex3D

18452 - -
3 | | |
==

iz 4

1zn

LRE ]

wa 3
9

0% .‘
¢ | ———
] |:a-miw-¢1[ol |

- dex. | | |

AR LA A AN LR AR AR R A AL AR AR AR AR AR

060 L] 10476 15713 BT 188 3437 W65 4.8 a4 8

Time [1ec]

IEAINE XY Total Weight (Packing) ¥oatiUU91004 1151053 Moldex3D
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B
Packing - Sprus Presase
B8 o et Fromt ot—52-36ae
L
08 J
817 3
54 5
3
E
i
3
] !-c—mm:[m]
E : S
S LN NN AL L N AN A LN AL AR
0000 ) 1047 15713 08 %18 e £ 4o a0 21
T[]

Gﬁlauvauﬁmwa Sprue Pressure (Packing) VoIuUUTa09 151051 Moldex3D

Warpape_Tolal Displacement

Moldex
55 Bun 1feyr Lamp 3268 mdofABS_LMGARSI00IM L mirMDWPrmect 221022 Lo
k: ?5 Fing 0394 Avg 21 man{Seae 000 Tolal {00} Ep=241 267 EC=T 3 Eme0 (FasiCool <eDesgni>

o e ™

RILI110.1| 02284810 252012 5o

doyauaaina Warp of Deformed ¥0a1111893 11)51051 Moldex3D
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Voya

3.93
3673
3411
3.145
2.886
1624
2.361
2.099
1.837
1.574
1312
1.050
0.767
0.525
0.262
0.000

Warpage_Total Displacement [mm] : +P

0% 10% 20% 30% 40% GS0% 60% 70% @80% 9S0% 100%

| 0.212%

| 0.778%

[] &.755%
[ 14a91%
] s5m2%
] 133007
[ 10.785%

] 4.704%
[ 3.4s8%
[ 3.189%
[ 3.010%
[0 z.354%
0 3.1529%
0 z97%

= 9.954%

Range=0~3.93573, Avg=2,11425,50=5,144=-001

LEAIWA Statistics of Total Displacement o U1a09 1U5un51 Moldex3D
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Factorial Fit: ¥ (Max.) wversus Inj. Flow, Inj. Pres,, ...

Eztimated Effectz and Coefficients for ¥ (Max.)

Ternm Effect

Constant 4
Inj. Flow 0.0633 1
Inj. Pres. 0.0113 0
W, Ower 0.0195 1]
Packing Time -0.1380 -0
Packing Pres. 0.0270 0
Melt Temp. 0.3355 0
Mold Temp. -0.0048 -0
Cooling Time -l.0900 -0
Inj. Flow*Inj. Pres=. 0.1497 0
Inj. Flow#*3W. 0Owver -0.0152 -0
Inj. Flow*Packing Time 0.0155 0
Inj. Flow*Packing Pres. -0.00%0 -0,
Inj. Flow*Melt Temp. -0.0055 -0,
Inj. Flow*Mold Temp. -0.z2258 -0,
Inj. Flow*Cooling Time -0.0z245 -0,

Analysiz of Variance for ¥ (Max.)

Coet

L7644
.0316
. 0056
.Qoaga
L0830
L0135
L1678
L0024
. 5450
L0743
L0076
L0077

oo4as
nozg
11=49
0123

[coded units)

Jource DF 3Seq 35 Adj 33 Ady M3
Main Effects G 5.2999 5.Z2999 [0,.66249
Z2-Way Interactions T 0.2983 0.2983 0.04261
Fezidual Error 1] * [y *
Total 15 L5.53az2

Eztimated Coefficientz for ¥ (Max.) using data
Ternm Coef

Constant -0, 136458

Inj. Flow 0. 0320042

Inj. Pres. -0.,0318833

AW. Owver 0.0107z29z2

Packing Time -0.0512917

Packing Pres. 0. 00330000

Melt Tenp. 0.0179667

Mold Tenp. 0. 0456750

Cooling Time -0.0327944

Inj. Flow#Inj. Pres. 0.000499167

Inj. Flow#3W. Owver -1.27083E-04

Inj. Flow*Packing Time 0.0002558333

Inj. Flow*Packing Pres. -3.00000E-05

Inj. Flow*Melt Tenmp. -1.83333E-05

Inj. Flow*Mold Tenp. -7 52500E-04

Inj. Flow*Cooling Time -5.44444F-05

9

[coded units)

ERE
4 o md

in uncoded units

~ [ 84 ¥ ..
AMULHUNMTNAaANeFIaLIdIu 2 ﬂ?ﬂjﬂiuﬂiilkhnnab

168

a Ia A o j‘
%ﬂgﬂﬂ1?ﬂﬂ§1$ﬁ@%ﬁwam@ﬂﬂﬁﬂﬂiuﬂTi@@ﬂuﬂﬁﬂii%ﬂa@uﬂﬂﬂﬁu(Smﬁaﬁng Experiment)



Predicted Response for New Design Points Using Model for T (Max.)

Point Fit
1 5.09500
2 4.253800
3 4.14300
4  5.T78200
5 5.7z800
& 4.18100
7 4.Z8700
& 5.Zos0o0
9 4.ZE5300

10 4.93800
11  5.2e500
12 4.,19700
13 4.13200
14 5.4a8500
15 4.87400
1l 4,31900

9

auurumMInaaoduanaFsatnaaiu 2% @28 Tas1n31 Minitab (619)

far}
=

=
[=n
# ot

+ o+ 4 4 o+ =+ =+ # # =# F # #+ 4 =

95

CI
I:*J'
I:*J'
I:*J'
*,
(s
(.
(%
(s
(s
(s
(*s
(*s
(*s
(*s
(*s
(*s

%

95

PI
I:*J'
I:*J'
I:*J'
(*,
(s
(.
(™,
(s
(s
(s
(*s
(*s
(*s
(™
(s
(™.

%

1
*1
*1
*l
¥l
¥l
¥l
*l
¥l
*l
1
1
1
*l
1
*l
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a a A [ { . .
mayjamsamswwamwammﬂ%foaiumiaammumsmaauﬁmﬁ'u (Screenlng Experlment)



Central Composite Design

Factors: 4 Replicates:
Base runs: 3l Total runs:
Base blocks: 1 Total blocks:

Two-lewel factorial:

Cube

Center points in cube:
Lxial points:
Center points in axial:

points: 1

&
7
g
0

1
3l
1

Full factorial

170

Response Surface Regression: Y {(Max.) versus (&) Inj. Flo, (D) Packing ; ...

The analysiz was done using uncoded units.

Eztimated Regression Coefficients for ¥ (Max.)

Term

Constant

(&) Inj. Flow

(') Packing Time

[F) Melt Tenmp.

[H) Cooling Time

(&) Inj. Flow*[4) Inj. Flow

(D) Packing Time* (D) Packing Time
hF] Helt Temp.*(F) Melt Tenp.

[H) Cooling Time*[(H) Cooling Time
(&) Inj. Flow* (D) Packing Time
(&) Inj. Flow*(F) Melt Temp.

(&) Inj. Flow*[(H) Cooling Time
(I} Packing Time*(F) Melt Temp.
(I} Packing Time®[H) Cooling Time
(F] Melt Temp.*(H) Cooling Time

5]
BE-3g

0.142915  PRESS = 1.88233
= 95.93% R-Sqipred] = §2.29

Coef
25,7581
-0.0091
-0.2747
-0.15893

0.00949
L0001
.0lez
.ooos
0nls

0.0003
=0. 0000
-0.0001
-0.0004

0.00Z5
-0. o008

% R-Sqgladi) = 94.23

Analysis of Variance for ¥ (Max.)

Zource LF Jeq 55 Ady 55
Regreszion 14 10,301 10.301ed O
Linear 4 T.5267 0.05415 0
Suare 4 2.4770 2.47695 0
Interaction 3 0. 2380 0.29797 0
Rezsidual Error 16 0. 3265 0.3267% 0
Lack-of-Fit 10 0. 3268 0.32e79 0
Pure Error G a.aooo o.00000 0
Total 30 10,6284

9
Yayan

a Ja A v Y an a a'dy a
33Wﬁ1gﬁﬂﬂﬁWﬁmﬂﬁﬂﬂﬂﬂﬂ?ﬂ?ﬁﬂW?ﬁﬂﬁW%ﬁWHW?Wﬁﬂ@U(R%pmme

3E Coef
Jlo9g
0578
4293
L1249
0572
Loool
ooe?y
Looos
Loool
.oolz
ooz
.nooz
.no1ls
ooz
.oooz

oo o oo oo oo oo oo oo

Adj M3
.735832 36.
.013539 0.
L619240  30.
.049661 2.
L0Z20425
L032679
. 000000

03
(1
32
45

T

LI05
. 157
. 540
.5l
173
. 053
L4139
.95d
913
217
L0777
L343
213
L0586
.159

Lo o o Y

oo oo oo oo o000 o000

.0oo
L6827
.0oo
073

F

. 105
877
. 531
. 149
. 865
. 306
.0ES
085
Qoo
LG831
. 940
. 736
.534
.05z
.00e

Surface

Methodology) AUUNUMTOONULUMTNAADIV VT IUNAUNAN (CCD) Tae 1151051 Minitab



171

Tmmsual Observations for ¥ o(Max.)

Dbz 5Stdlrder ¥ [(Max.) Fit 5E Fit EResidual 5t Resid
20 20 4,153 4,349 0.109 -0.196 -2.13 R
23 a3 G.232  6.466 0.109 -0.234 -Z2.54 R

F denotezs an obserwvation with a large standardized residual.

Predicted Response for New Design Points Using Model for ¥ (Max.)

Foint Fit JE Fit 953 CI 95% PI

1 5.03z22% 0.109153  (4.80090, 5.26369) (4.65107, 5.41351)

& 5.1107% 0.109153 (4.87940, 5.34219) (4.72857, 5.49201)

3 4.72485  0.109153 (4.49356, 4.95635)  (4.34374, 5.10618)

4 4.53446 0.109155 (4.60306, 5.06585) (4.45324, 5.2Z1568)

5 5.62463 0.109153  (5.393E23, 5.85602) (5.24340, 6.00535)

6 5.69Z13 0.109153 (5.46073, 5.92352) (5.31090, 6.07335)

75.28879  0.109153  (5.05540, 5.51519)  (4.905537, 5H.66801)

g 5.38529 0.109153 (5.15390, 5.6le669)  (5.00407, 5.76651)

9 4.03113 0.109153 (3.84973, 4.31252)  (3.699%0, 4.46235)
10 4.110683 0.10%9153  (3.87923, 4.34202) (3.725940, 4.49185)
11 4.0732% 0.109153 (3.54190, 4.30469) (3.69207, 4.45451)
12 4.1337% 0.109153 (3.920240, 4.36519) (3.752Z57, 4.51501)
13 4.221%6  0.10%9153  (3.99056, 4.45335) (3.84074, 4.60318)
14 4.24046 0.10%9153 (4.00%068, 4.47185) (3.85924, 4.621638)
15 4.18363 0.10%9153 (3.95223, 4.41502) (3.80zZ40, 4.50435)
1l 4.23313 0.109153 (4.00173, 4.46452Z) (3.85190, 4.61435)
17 4.29708 0.109153 (4.0&6569, 4.52343) (3.9158a6, 4.467831)
15 4.42508 0.10%9153 (4.19309, 4.565648) (4.04358a4, 4.80631)
1% 4.663%2 0.10%9153 (4.43252, 4.589531) (4.28269, 5.04514)
20 4.34925 0.109153  (4.11756, 4.53064) (3.96803, 4.73047)
21 4.11425 0.10%9153 (3.85286, 4.34564) (3.73303, 4.49547)
22 4.305%92 0.10%153 (4.57452, 5.03731) (4.42469, 5.13714)
23 6.466Z5 0.109153 (6.23486, 6.69764) (6.03503, 6.34747)
24 4,362%:2 0.10%153  (4.13152, 4.59431) (3.93169, 4.74414)
25 4.24300 0.054017  (4.13349, 4.36251)  (3.92412, 4.57188)
26 4.24300 0.054017  (4.13349, 4.36251) (3.92412, 4.57138)
27 4.24300 0.054017 (4.13349, 4.36Z51) (3.9241Z, 4.57133)
23 4.2Z4300 0.054017  (4.13349, 4.36251) (3.9241Z, 4.57133)
£9  4,24300 0.054017  (4.13349, 4.36Z51) (3.9241Z, 4.57133)
30 4.24300 0.054017  (4.13349, 4.36251)  (3.92412, 4.57188)
31 4.24300 0.054017  (4.13349, 4.36251) (3.92412, 4.57188)

a da A [V a a d { a
foyan13tAs1zHoNTnaveladen1895n015 AT 18N UAINAADY (Response  Surface
Methodology) ATUMLHUNTOONLUUNTNAADIUUUTIUNTUNA1N (CCD) Tas 1151054 Minitab

(719)
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Abstract
The objectives of this research are to the study and analyze
significant factors affecting varied deformation in the ABS plastic
injection molding process by using design of experiments and
injection molding process simulation with the moldex3D programming.
In this study, eight factors were initially screened namely; injection
flow, injection pressure, switching over position, packing time, packing
pressure, melt temperature, mold temperature, and cooling time. As a
result of using injection process simulation as of the fractional factorial
experiment design, it shown the significant factors affecting to
deformation were cooling time, melt temperature, packing time, and
injection flow. Then the response surface methodology (RSM) with
using the central composite design (CCD) was applied to analyze the
optimum condition of each parameter before simulating the injection
process by moldex3D programming. The simulation resuits shown that
the maximum of deformation is 4.19 mm, the sample means is 2.22
mm, and the sample standard deviation is 0.95. After that setup the
simulation results as parameter input into the actual injection process,
the result shown that the maximum of deformation is 4.2 mm and
there is no statistical difference between simulation results and
experimental results at 95% confidential interval level. The
contribution of this research improves the quality of ABS plastic
injection process design including mold design. This also values in
cost reduction in mold fabrication and trial production before launching
real production.
Keywords: Design of experiment,

simulation, injection molding

process, automotive parts
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