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Abstract

This research aimed to reduce the proportion of defect from plastic injection molding
process for new part production by using Design of Experimental and applying Quality Control Tools.
According to historical data, the proportion of defect was 8,947 ppm, exceeding the company target
of 3,000 ppm. The research started with finding problems in the production process using QC Tools. It
was found that the silver streak was the highest number of defects, 95.70 % of all defects. And the
problem analysis, it was found that the main cause of the problem was the inappropriate parameter
settings consisting of 8 factors in the plastic injection molding process. The design of experimental
technique by 2% Fractional Factorial was then applied in screening experiment to find out the main
factors affecting the silver streaks. It was found that there were 4 factors including injection pressure,
clamping force, nozzle temperature, and injection speed. The Response Surface Methodology
technique by Central Composite Design was then applied for analyzing the response optimization. It
was found that suitable parameters included the injection pressure of 97 Mpa, the clamping force of
240 tons, the nozzle temperature of 237 °C, and the injection speed at 30 mm/sec. The research
result showed that the applied optimal parameters could reduce the silver streak defects of the part
number 1220402 from 33,748 ppm to 6,778 ppm. Moreover, the overall average defect proportions of
new part production decreased from 8,947 ppm to 2,320 ppm that were 74.06% of all defects. This

achieved the company target which aimed to have less than 3,000 ppm defects.

Keywords: Defect reducing, Design of Experimental, Injection molding process.
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New Part Defects data by PPM
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Desien) dedladeiilddnurinanun 6 Jade fo
gaungiinanadin,ausade, Anudude, anuduin
61, nalun1sdngn wazarlunisidud nuin
HaseiinansnurefIn1suafivestuLog9l
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Yoddy 5 U3 Ao auvalinatadin, mnusiae,

4 9 Y

v v
= o
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NAADILUUAIUNANNAN (CCD) LazNan1TITENUI
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Fuau Wiy 1.95 fadwns (1.56 Wosidurves

ANNYITUIY) NTLUIUNTHANLAZABINITINTOY

¥
P

W DUUNTUAIUNUR VLA
Krit, Wiroj and Thiradet [11] 1@%inn15Anwn
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Fuau 910 8 Yade wide 3 Jedediildeddny wagld
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wiaztlademunnsed 2 Fauindedidurivestady
fionafdnasdelgmiusznieiiugeiigniotadonis
USudsAmisimes uazainnsfndeniaduves
ANsnesTiAeTes 91nA15197 3 NuEiTn
8 YadeMAatos dmsunisinunavessyiues
Hade Alddmiuinnsneasatesdu 91nmsei 5
315041910 AUAEAAARIRUANANTAM1IVD
fngau 1aTesdng Tuludsdnunzvesduaudlily
1517899 1nE1AEATANIITEANAIUAAIIN
Fueu Inerdesonazseiuveslasedilaluiins
naaeluy 2% Fractional Factorial design 1w
MUUARINaNaUALBIlUNTNAADY (Y) AiD 1UIUTBY
Lﬁamﬂﬁ@ymﬂizmaLﬁwaq?gumu NUYLAY
1220402 $1n15M08093ASINIUAINITIT LA DS

ATAUARIULNUNITNAADS

A151991 5 Yadunazsyauvestads Wndnd1msunig

naaeeluu 2*° Fraction Factorial Experiment

seAuveIlady Nue
Factors (Symbol)

Low High Unit
Screw rpm. (A) 25 35 rpm
Inj. Pressure (B) 90 110 Mpa
Clamping force (C) 230 280 Ton
Nozzle Temp. (D) 230 270 °C
Mold Temp. (E) 50 70 °C
Inj. Speed (F) 30 50 mm./Sec
Back Pressure (G) 6 10 Mpa
Suck back Dist. (H) 2 3 mm.

4. NaNSNNABY

4.1 f775w&mam7yaw§’u (Screening Experiment)

awaiagam15ﬂqﬁ 5 laviinisnaasauuy 2%°,
Fractional Factorial design 1 Replicate 32 Run 14
Frogr19lun1snaasssiuay 500 3u lundazans
naass Asvautedify 0.05 (A=0.05) #1113
Uszaaana Tnslusunsy Minitab 16maniugud 9
WALYINITIATIEANAINATIS19 ANOVA wuanly

a1unsaasunalailiosinuaiilaliuanian P-value

25

aarsauntadeniidndnaretywivsznietu 970

a

Half Normal Plot a3l 10 wuintladeiiavina
poA1 Y (Ugniusenieidu) fivianun 5 Jade il Inj.
Pressure (B) Clamping force (C) Nozzle Temp. (D)
Inj. Speed (F) & a ¢ Clamping force * Nozzle

Temp. (C*D)

IAnalysis of Variance for Y (coded units)
Source DF Seq SS Adj SS Adj MS|F P
ain Effects 8 104.625 104.625 13.0781 | * ~*
2-Way Interactions 20 25.750 25.750 1.2875 | *
3-Way Interactions 3 3.125 3.125 1.0417 | » *
Residual Error 0 * * *
Total 31 133.500
N a '3
E‘U‘V] 9 WaN193AIIEN ANOVA
Half Normal Plot of the Effects
(response is Silver, Alpha = 0.05)
€39 mC
954 mF
cod mD
t g4
§ 80+ Factor Name
2 ] 5 Thi-Presaure (8)
60 - c Clamping force (C)
504 D Nozzle Temp. (D)
404 E Mold Temp. (E)
304 F Inj.Speed (F)
204 G Back Pressure (G)
18: H Suck back (H)
0.0 0.5 1.0 1.5 2.0 2.5 3.0

Absolute Effect Effect Ty pe
@® Not Significant

™ Significant

g’dﬁ 10 Half Normal plot of the Effect

Factors: 8 Resolution: IV
Runs: 32

Blocks: 1

Base Design: 8, 32

Replicates: 1 Fraction: 1/8

Center pts (totalx O

Design Generators:F =ABC, G =ABD, H =BCDE
Alias Structure (up to order 4)

I +ABCF +ABDG +CDFG

A +BCFEF +BDG +CEGH +DEFH
B +ACF +ADG +CDEH +EFGH
C +ABF +DFG +AEGH +BDEH
D
E
F

LABG +CFG +AEFH +BCEH
+ACGH +ADFH +BCDH +BFGH
L ABC +CDG +ADEH +BEGH

BH +CDE +EFG +ACFH +ADGH

CD +FG +BEH +ABCG +ABDF |

JUN 11 Hamsasient Aldannnisneaes 27,

Fraction Factorial

INNANITNAADY b9YIIN15IATII anEaule
Yan1snAavuy 2%7,, Fraction Factorial 131®
A58 BNeNaveetladusiu (Interaction effect)

WUdnAnuaUNITNAaesiidugduuy Resolution 4
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Fomneauiasiinasvinavesadusutdosuin
Tnedvnavesladusudiannsonsianuls asduna
YesBnEnasmiinlasadegndou (Alias Structure)
wuu 2 Jadvsaugiudnassilads Taouaiildainnis
vpaesUszananalaglusinsy Minitab auguii 11
1819191501 Aliases wdaguliindadoi
nasio Y (Ygynusenieu) agreditdeddgae Jade
B C D F fisgdutiuddy 95 wWesidud (0=0.05) 34
¥d9de fenann lUvianismaassgidnadenenis
PONUUUNTVAARITIUNANBISTALUY 2° 3uAUnNS
wmaaﬁ‘iqm Center point wioidun1sBudunanis
Vnaes Laziiionsiaaeu wazBuduiinszuiunisd
ANUFURUSITWTUFUAT (Linear) vSalBadulag
(Curvature) Tngifisgafianans (Center point) 8n 1
538U (Level) ioldRansanlunisnaaesiiaziden
ol Yedeuazseiuresdadeildlunismaassniy
A191971 6 insvaaessau 3 Replicate luusiay
nsvaaesddiedslunisneasssiuu 500 3u lu
wiavn1Maaes fiseduilsddey 0.05 (01=0.05) nafl

1@’1’mm§ﬂ1‘7i 12 Uszananalng JUswnsy Minitab

A15199 6 Uadunarseauvadtdade Y@ msunis

nAaBILUU 2' Factorial design with Center point

MFANFIAINTTUANERNS UM IV FUASUASUNTI ISR

UM 15 aUUfl 3 1heu AUBIEU — SUINAN W.A. 2563

Tafianudukdsiiaduiiissanndadenlelunng
neaewsely Fefnuredainananuaainnioy
UULB9 WaENa130U19IN AIYBY Ct Pt (Center point)

A1 P Value fil@oandn 0.05 uaza1nm1519 ANOVA

'
a

A19849 Curvature A1 P Value Nlatoensdn 0.05
wWuieaiu aguldianuduiusidudnuazvedng
Tullgadn3 2 (Second-order Model) d115un1s
nnaeufielnzissiuredvnastaziBun Filu
Ms3TeildhnsneaesuuLdLHaNnans (CCD) 1
A5129 SEUTeIdrEnansasSniasniiniy

gangulunismeassgs Tuidedald

Factorial Fit: Y versus Inj. Pressure(B),
Inj. Speed(F), Clamping force(C), Nozzle Temp. (D)

Estimated Effects and Coefficients for Y (coded units)

Term Effect Coef SE Coef T P
Constant 10.104 0.1581 63.90 0.000
B -1.042 -0.521 0.1581 -3.29 0.002
F 3.958 1.979 0.1581 12.52 0.000
C 2.792 1.3% 0.1581 8.83 0.000
D 0.625 0.312 0.1581 1.98 0.056
B*F -0.292 -0.14e 0.1581 -0.92 0.362
B*C 0.208 0.104 0.1581 0.66 0.514
B*D -0.625 -0.312 0.1581 -1.98 0.056
E*C 0.375 0.188 0.1581 1.19 0.243
F*D -0.625 -0.312 0.1581 -1.98 0.056
Cc*D -0.125 -0.063 0.1581 -0.40 0.635
B*F*C 2.125 1.062 0.1581 6.72 0.000
B*F*D 0.458 0.229 0.1581 1.45 0.156
B*C*D -0.042 -0.021 0.1581 -0.13 0.8%6
E*C*D 1.125 0.563 0.1581 3.56 0.001
B*F*C*D -0.458 -0.229 0.1581 -1.45 0.156
Ct Pt -2.704 0.5148 -5 25 0.000‘

PRESS = 96.375
R-Sg(pred) = 79.18%

R-Sg(adj) = 86.52%]

HANTIATIENNITNARBY INFUN 12 TATI29

o

ArduUszandnisandula R (ad)) vesn1svnaes

=

wua (Y) Jeymdsznetuiinisilasunlassud

a ' ' v

Nau1NUAeNTBNSNaseA Y 9199 U 1N 5o¢

a @

ay 86.52 LanainveyaniAuuiannsnaaedlu 100

U

Mgy azlanutuwlsNiinandadefvinnisnnasa

4 86.52 e TuvgNmhefiwdeldaunsassuie

Analysis of Variance for Y (coded units)
L. L. | szduveady ) Source DF Seq SS Adj SS Adj MS F p
Yaderiudn/Factor yinwal — Mg Main Effects 4 299.250 299.250 74.812 62.34 0.000
#in s 2-Way Interac 6 12.792 12.792  2.132  1.78 0.132
— 3-Wav Interac 4 71.917 71.917 17.979 14.33 0.000
439AUAA (Inj.Pressure) B 90 | 110 | Mpa. 4-§ay Interac 1  2.521  2.521  2.521  2.10 0.156
_— Curvature 1  33.113 33.113 33.113 27.59 0.000
A135730 (Inj.Speed) F 30 50 |mm./Sec. Residual Error36  43.200 43.200  1.200
ws9Unuglfus (Clamping force) C 230 | 280 Ton Toizie Erzor ;; 4223;2 43.200 1.200
gaumgilviada (Nozzle tep) D | 230 )20 | <C SUT 12 man1siasent fildannsmaaes 2°
N0INY 3 B4

Factorial design

4.2 n1534A518%8ana Y Response Surface
Methodology (RSM) lia& Response Optimization
ioagmsgiuavesdadefiuzaniign lunis
Usudarmsimes lunsudladlymdssmeiues
Funumneiay 1220402 ihiadefiisnsnails

MnNN1sNRaadbuUosduns 4 Jadeuinn1siasien



MFANFIAINTTUAERNS LININPIFBATUASUNTI SR
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lneld n1spenuuUnNISNAaBILUY Central
Composite §99:¥1n15NAa0351uIU 1 Replicate
31 Run M4eedlunisneasssiuiu 500 u Tuus
azn1sMAa fiseduted1/a0.05 (00=0.05) lng
frvuaalunisaasseuaissi 7 lnefiazsinig

mvandadenliiveddgysetdymisenietu

A157199 7 Aseavvastatenlineasskuy CCD

o L. syavetlade .
Uadwthun fuanal why
| -1 0 1 a
Useiudn (njPressure) B 80 | 90 | 100 | 110 | 120 | Mpa.
I (InjSpeed) Fol20 |30 |5 | 60 |mmJSec.

wssUnuaifiand (Clamping force) | C | 205 | 230 | 255 | 280 | 305 | Ton

gamgfiad (Nozzle tep) D | 210 (230|250 | 270 | 290 | °C

Response Surface Regression: Y versus
Inj. Pressur(B), Inj. Speed(F),
Clamping force(C), Nozzle Temp. (D)

The analysis was done using coded units.

Estimated Regression Coefficients for Y
Term Coef SE Coef T P

Constant 7.2857 0.2980 24.453 0.000

B 0.5417 0.1609 3.366 0.003

F 1.8750 0.1609 11.652 0.000

C 1.4583 0.1609 9.063 0.000

D 0.7083 0.1609 4.402 0.000

B*B 0.4598 0.1474 3.119 0.005

F*F 0.8348 0.1474 5.663 0.000

Cc*C 1.0848 0.1474 7.359 0.000

D*D 0.4598 0.1474 3.119 0.005

B*D 0.4375 0.1971 2.220 0.038

F*C 0.5625 0.1871 2.854 0.010
= 0,788307 PRE, = 38,8104

R-5g = 94.54% R-Sq(pred) = 82.96% R-Sq(adj) = 91.81%

Analysis of Variance for Y

Source DF Seq SS Adj sSs Adj Ms F P

Regression 10 215.313 215.313 21.5313 34.65 0.000

Linear 4 154.500 154.500 38.6250 62.16 0.000
B 1 7.042 7.042 7.0417 11.33 0.003
F 1 84.375 84.375 84.3750 135.78 0.000
(e} 1 51.042 51.042 51.0417 82.14 0.000
D 1 12.042 12.042 12.0417 19.38 0.000

Square 4 52.688 52.688 13.1721 21.20 0.000
B*B 1 1.855 6.046 6.0462 9.73 0.005
F*F 1 13.750 19.929 19.9291 32.07 0.000
c*rC 1 31.037 33.653 33.6525 54.15 0.000
D*D 1 6.046 6.046 6.0462 9.73 0.005

Interaction 2 8.125 8.125 4.0625 6.54 0.007
B*D 1 3.062 3.062 3.0625 4.93 0.038
F*C 1 5.062 5.062 5.0625 8.15 0.01

Residual Error 20 12.429 12.429 0.6214

Lack-of-Fitl4 9.000 8.000 0.6429 1.13 [0.471
Pure Error 6 3.429 3.429 0.5714
Total 30 227.742

Estimated Regression Coefficients for Y
using data in uncoded units

Term Coef
Constant 292.329
Inj. Pressure -1.41235
Inj. Speed -1.05411
Clamping force -0 916881
Nozzle Temp. -0 758110

Inj. Pressure*Inj. Pressure 0.00459821
Inj. Speed*Inj. Speed 0.00834821
Clamping force*Clamping force | 0.00173571
Nozzle Temp.*Nozzle Temp. 0.00114955
Inj. Pressure*Nozzle Temp. 0.00218750
Inj. Speed*Clamping force 0.00225000

JUN 13 HamM31Ase9 NHAINN15VAaeILUY

drunaunana (CCD) lneluswnsy Minitab
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NaNTIATIEAT AN AIMARBIRnINTUR 13
Wu11Ua98 Injection pressure &A1 P-Value 1i1Au
0.003 U348 Clamping force &A1 P-Value 1111y
0.000 248 Nozzle Temperature 471 P-Value
WU 0.000 haztady Injection speed dA1 P-

Value 11U 0.000 F9919%UALA1UBENIIAISEAY

v o w = A

HodAgy 0.05 squdalladeniasaesdalian P-Value
Youndn 0.05 wansiiadeamundinguniiovina
mon1sUgynIUTENI8iY LaziaNsaIAINNITIATIZH
menduUsyansnisinauls R (ad)) vesnsmnans
wmiladedifivdwaretmusznieduwiniu 91.81%
wamsideyaiiiivanainmsvaassly 100 e 2xdl
audusUsiinandadefivinnismaass 91.81
wiae drundleimdeisldaiuisaeiuigleing
anufunlsiintuilesantlaseildlunsnnaswie
nanlinlsfindeiinainanunaiandsuain
msneaesiules nafildainnisvaaes LLamgﬂﬁ 13
Uszunanalnelisunsy Minitab wazain Residuals
plot U7 14 9nnsmiduuudredunisasiaaey
N19N32WAILUUUNA (Normal Distribution) U94e1
d2unnAg (Residual) 91nN1TNANTUIVDIAEIY
ande (Residual) Geldlun1snadeunIsHaNLITLUL
Uni (Normal Probability Plot) 1fiu31A1dunnAng

a LY

(Residual) §IN15NTLANEAINIULUIEUATI LA
Uszanulain ArdiunnAs (Residual) Sn1suanuas
wuuUn@ annsmuuen Wunisesaaeuanuly
852 (Independent) ¥93Ad21UANA (Residual)
dle MNIITUINTTNTLANLVOITOYAUUUNUN TN U
N13N3¥8AIV0IANEIUANATS (Residual) & JUKUU
ffudasy Lifsyuvuiluiueu nieldatunse
stmmgﬂwuﬁuﬁuauiﬁ wanaly LAuInAndu
AnA19 (Residual) aduidudaserodu
(Independent) 91nn51a19921 un1sasIvde
AULEDYTYDIANLUTUTIU (Variance stability)
Tngldunuginisnseangverndny AAIALAA DY

(Residuals) Tunfagszauvestladeniinisnaasy
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wuduandstudinsnsraeiegsai o
ynuInuazynsay uansideyadlddu daumades
yesmuulsUTIu aguldideyaiitanyhmnaaes
wazNAT ALY WaENan1T AT LS
augUTl 13 Jsaguldinanismaassiiniudediold
Taefiasanainan Lack-of-Fit AléA1 P Value
Wiy 0.417 Faunninsesuefedfy 0.05 (0=

0.05) wanslaideyaiinuundenels

Residual Plots for Silver

Normal Probability Plot Versus Fits
%
- 0
%0 i t 1o
M 7 5 05
5 pr 3
§ e 3
» 1 .
[ o = 05 .
10 e -
1L .
1 ] 1 6 9 12 15
Residual Fitted Value
Histogram Versus Order

Frequency
T
Residual

-1.2 06 0.0 0.6 12
Residual

31117{ 14 Residuals plot

2 4 68 101214 16 18 20 22 24 26 28 30
Observation Order

Faldthdeyadananilyiinsevivie Response
Optimization \iieflazldnsuseiuavestladeda
dnsnadedgmiusmeFuilimnzauiign fszdu
Heddyn1adnfianudedy 95Wesidud (a =
0.05) nan153Asev AntUsnsU Minitab Ailduans

M1u JUN 15 uaeguil 16, 17 mudneu

MFANFIAINTTUANERNS UM IV FUASUASUNTI ISR

UM 15 aUUfl 3 1heu AUBIEU — SUINAN W.A. 2563

i n). Pre Inj. Spe Clamping Nozzle T
- B S G (WA )
ar 6.9697 . 1 244.3939] 237.4747)
0.66127 Low 80.0 20.0 205.0 210.0
Composite 1 T T T
Desirability

0.66127

Silver
Minimum
y = 5.7583
d = 0.66127

5U16 nanoutademnzaunviliAndym

Y

Uszneidu desfian Nszduanuiiodiu 95iUasidud

Contour Plots of Silver streaks

Hold Values
Inj. Pressure 100
Inj. Speed 40
Clamping force 255
Nozzle Temp. 250

SU7 17 Contour Plot wanstladeniluanadnaiu

Y

vaudsantgymusznietu (B8 C D way F)

1T eRleeldlusunsy Minitab wiewn
ﬁiwﬁLumgauﬁqm Response Optimization veei 4
PaFanuiarfivunzaud msudlads Inj. Pressure
WU 96.96 Mpa. Uad8Inj. Speed 111U 30.10
mm./Sec U338 Clamping force 1A 244.39Ton
way Jad Nozzle Temp. Wiy 237.47 °C fiszdiy
audeiu 95Wesdud (a = 0.05) warldaunis

ANUFLUNUSAIT

Response Optimization
Parameters
Goal Lower Target Upper | Weight Import
Y Minimum 0 0 17 1 1
Global Solution
Inj. Pressur = 96.9697
Inj. Speed = 30.1010
Clamping force = 244.394
Nozzle Temp. = 237.475
Predicted Responses
Y = 5.75833 , desirability = 0.661274
Composite Desirability = 0.661274

Y = 292.329-1.412 (B)-1.054 (F)-0.916 (C)-0.758 (D)
+ 0.0045 (B)*+0.0083 (F)°+0.0017 (C)*+0.0011
(D)*+0.0021 (B*D) +0.0022 (F*C)

JUN 15 wamsinseseauavestadeivingay

LY
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A15799 8 seeuvealaduninlunnassiietuduna

sgrvvestade
Uady (Symbol) |dydnual — - Unit
nou UGN
Screw rpm.** A 30 25 rpm
Inj. Pressure * B 110 97 Mpa
Clamp. force * @ 260 240 Ton
Nozzle Temp. * D 260 237 °C
Mold Temp. ** E 60 70 °C
Inj. Speed * F 40 30 mm./Sec
Back Pressure ** G 8 6 Mpa
Suck back Dist ** H 3 3 mm.

(Yadendivdedny*, Jadenlufidedfg*)
TAYYINNISNAABIDE19MBLLBY bANANISNAABILINE

o

UTUNANIUANTIT 9

AN 9 HANISNARBLNDEUTUNE

v d1uu Jgym .
FUIU Ugyundue| s | PPM
N1INAae | Useniedu
1220402 1000 7 2 9 9000

nan1snnaeuiiedudunaainmseil 9 wuin
Hadedidvunlunisvaaesdmaly Jemuseneiiu
anas %ﬂﬁé’mdaumaﬂLﬁaa&ﬂul,ﬂméﬁﬁaam%fulﬁ Faty
Fefsanthsziuatledevemisfmesuniiy
UIUNTMBE19lUNNTNARBY AUAITNITHARTS S
Y0IUSENNTAANY TuaesEnINnIsNanve Aoy
flugey HuRoUARIAN 2562 WAL AARIUNANITHEN
Funumneiay 1220402 \ensavaeudndiuiam

UsgneRuinaTulananiunisen 10

AN5199 10 WEAINANISAANINNNSHARLNDEUSUNE
a = a a
wazn1TUSeumey Jyuiusen1ekuainnisuan

FUNUMNLEY 1220402

29

91015199 10 naann1swanasuiiosdunisiudu
NANTITE VBINITNAATUINUNLBIAY 1220402
wuNansaandnaiuvesdsaindymuszneRule
939 NaNAdERaINYeLdsanaINLAN 18,286 PMM
viednUu anas 54.18% Fatusafnuafudn
11%1391U (Tolerances for Setup +5% ) Wlelvinns
Wa® Mass Production siald

5.2 N150ANINNANTTANTUNIUTIE basnIT
Wisuisunaiils mswannsldamnsiimeslni
1§91nNsVAABIEMSUNERTUIUMINELEY 1220402
ﬁwmﬁmmaauﬁzgm"dizmaﬁuﬁlﬁm%ﬂé’waé’ﬂdm

YDILEY MUANTIN 11

f1519% 11 NANISARAIUNISHAS nnsUTuYge
ATNNSIALABS VBITUIU 1220402 Tugratiau

NOFAN1BU2562 - WauliuiAy 2563

FUIUNIITHER wulgynusznieRu
a0z . -
Fueu 1220402 | UMWY PPM
faun1suiuUR 32,357 1,092 33,748
nIVaasBudung
} . 42,878 663 15,462
(sgwhansuiudse)
MP (masmsuiuuze) 106,665 723 6,778
wansiUTeuLTieu anad 2670

NA57 11 nuaanseandadiuvendenn
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