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ABSTRACT
The objective of this research is to reduce defective rate from foreign matter contamination
defect of Female Connector by applying the approach of Six Sigma (DMAIC) , which consists of 5 phases;

starting from the Define phase, in which the injection molding process of 6P model was studied.
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Secondly, in the Measure phase, the required sample size was calculated, and the Attribute Agreement
Analysis was performed. Then, in the Analyze Phase, it was found that there were 5 significant factors
related to the defective rate. In the Improvement phase, two non-adjustable factors have been
improved by creating a new particle cover to be more closely and set the cleaning frequency to 1 time
per shift. The central composite design was performed for the remaining 3 adjustable factors and
determined the optimum levels. The optimum values are the mold opening speed of 30 millimeters
per second, delay time of 1 second and runner pushing pressure of 15 bar. Finally, work instructions
and control plan have been revised in the Control phase. Which after tracking process improvement
results, it was found that the defective rate from contamination defects of 6P female connector plug
was reduced from 2.36% to 0.78%, which was reduced by 1.58%. In additional, the defective cost was
reduced from 5,499,036 baht to 1,826,099 baht, which equivalent to a cost a saving of 3,672,937 baht

per year.

Keyword: Defective Rate Reduction; Six Sigma (DMAIC); Response Surface Methodology (RSM); Plastic

Injection, Foreign Matter Contamination.
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H, : dndrureadsandaunniesusziannig
Vuisuvesdsudanvasuannisianuazenn
anevusenud 1 adiedUainay 1 adwens
laiumnsnariy

H, : daduveadsantounnyesussannis
Vuiouvesdsudanvasuannisianuazein
anemudennd 1 adeedUanst innndnanua
1 pdasiony

9nMsIAuF1081981uaL 500,000 T U
wuhdndwmendefiinannisidaudlunisi
muEzIREeNY 1 aSsedUaiuas 1 adse
AYWYINAU 2.49% Wag 2.36% ANa1RU

Mnduldmunmuafieteiimnzaude
War ¥ u Power and Sample Size @195 UN3
vagouaNAgIuAIdnaIuTeIUsEIINg 2 nau Tu
TUsunsu Minitab [10] wudndesvinisiivdeya
$rnuethetsawiniu 294,230 Funy fisdmes
A15NAEaU (Power of Test) 1MIAU 0.9 Wazsyay
aruidioitu 95% dufudeyafifiogsuau 500,000

Joya Fufivaneuazlidndudeafvdoyaiia 39

°

Y
Urdeyail lUvnisvaasvauufgiu duanis

U

NAFBULEAIAINITIN 4 U3 A P-Value dAn

o031 0.0005 T AT eenINseauled1Ay

o

0.05 ua@neInANNAluNSIAMNaLeInEIeNIY 1

AsIRany Tdnaiuveddstasniimnud 1 Asne

o o

dUnviognaditiodnty

. - . . WL | P | dadiuves
Tadelunisveaevanufigiu | sedvveslady . - P-Value
G0H veudy | e

L wslus e uLAw LAY 500,000 12,474 2.49%
UTBLANVBIUNUTDINULAEH Y . » , , <0.0005

urusiuavulnl 500,000 11,907 2.38%

arwidlunislunsyianny 1 AswtedUnv 500,000 12,474 2.49%
3 — <0.0005

AYRINANYNIUR T 1 ASssiany 500,000 11,808 2.36%
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3.4.3 N1599NUUUNITNNADIKUUA IUYTZ A
naN

dmduilaseiiannsausudeanlgaulgsviinis
NAADIRIBTZN150DNUUUNITNARDILUUEAIY
Uszaunans laedvdadedngn 3 Uade laun
arusalumsidaudiiun svozaimiasiuanu
LAEUSIAUNANS ULUDS wariuUsnovaussly
aseiiRednduvendsandaunnsesdseian
nsvuioud wvandaeu 1§suiunisnaaes
favmn 20 nisvaans uaztadoasgnnaaesi 5

a o

seetu lawA -a, -1, 0, +1 wag +a lay o fAvnfu

:syauvl’n

1682 Feuansdan131edl 5 viadlmauaiiyg 3l
\denlduvunsmaassuuutend - turuLay 4
IUIUNINABBIUBENTILVUEIUYTZANNAN 5
nM3MAaed 1 paINLUUAINAABIL UL UTEAY
drunansagliamnInueanIsnensali fnin
\osandsgnoudsdiunimeass 3 @ ldun
diuwaneliea dugaunu (Axial Runs) wazdiu
ngudnans (Center Runs) daflqaunavaiioasy
viangaguénanavifuszeigaunusgsinan
9arqudnans dsazvinliinaninnisneinsalfivii
Wsuruiinnyiswesseduiadoivinnimmaaes
TurugAuuunsmaassuuutend-iusiuauagli
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v‘iwmiwmamﬁqmmﬂwaﬁ'aa [10], [17] - [18] In®
$rnumseaeiiindy 5 nsveasstuansa,
goufuldidesanlaildnsenufusunuiasununis
HARLINTN FIMUUNTVINELATHANTVIAGRaTLE
WAAIFInNSI9T 6
WEINAINNaRLASIEUS NSRS ZIHE
N15NAaeed llduneu Ao N15ad1ILUUTIaDs
AUAUNUS SerT 19T aduu T 1hasi s
pavausdlaglivaiinn1siginsanass N1g
ATIRABUANYNABIVDIUUUTIABY UAZN1TBTUNY
auduiusvestadoveanendifiteddry
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Jadeund ez dnd1UT0LE891NT o UNNT B9
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Ansrzinsanase linamsienesiuansisguil 4
Feanusumnendifivedday AseRuteddy
0.05 1 5 o leun 1) NansENUNaNIDIANST
Tun 15 UALIRUN 2) HANTENUNANTLUBLIAMUN
Funu 3) nansznundnussiulumsadnsues 4)
HaNIENUTINSEIIIAMS UM SUausRu U
wsaUlUNISNANSWIUDS 5) NANTENUIINTEUING
szpzaMmduuiuLsulumsnanfues

o o

drumeumasalifidudfy

drydnwal . . seauvaade ANNNAzLREN
. Jade/ wiae b A Buw
va9tlady 1682 | -1 0 1 +1.682 | AganuTuasld
< a 1a 6
ANULSNUNS AL AU
Speed L 30.00 | 38.11 | 50.00 | 61.89 | 70.00 0.01
(Hagdunsnalunn)
SeUEnaML LY
Delay time A 0.50 0.60 0.75 0.90 10 0.01
(Aun)
wsasulunsuansuiues
Pressure ( ;) 8.00 9.50 11.50 13.50 15.00 0.50
U
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AT 6 A1TNITORNUUUNITNARBILATNANITNAABINISIAATOUNNIDIUSELANNS UL uEwUanUasu

Defective
StdOrder | RunOrder | PtType | Blocks | Speed | Delay time | Pressure ate
1 12 1 1 38.11 0.6 9.5 0.0500
2 6 1 1 61.89 0.6 9.5 0.0533
3 7 1 1 38.11 0.9 9.5 0.0267
a 19 1 1 61.89 0.9 9.5 0.0333
5 20 1 1 38.11 0.6 13.5 0.0267
6 18 1 1 61.89 0.6 13.5 0.0267
7 8 1 1 38.11 0.9 13.5 0.0400
8 5 1 1 61.89 0.9 13.5 0.0167
9 13 -1 1 30 0.75 11.5 0.0333
10 10 -1 1 70 0.75 11.5 0.0233
11 1 -1 1 50 0.5 11.5 0.0400
12 3 -1 1 50 1 11.5 0.0433
13 11 -1 1 50 0.75 8 0.0267
14 15 -1 1 50 0.75 15 0.0233
15 2 0 1 50 0.75 11.5 0.0333
16 14 0 1 50 0.75 11.5 0.0333
17 16 0 1 50 0.75 11.5 0.0300
18 17 0 1 50 0.75 11.5 0.0333
19 4 0 1 50 0.75 11.5 0.0333
20 9 0 1 50 0.75 115 0.0367

ABUNVIINIITNAAUANNAFIY 3 T LA wn
ANUAFIUFIUANA 1T NITWAN LIV UUNG
auufigrudiunndafinududassaaiu was
anuAgiuduanAelanuuUsusiuaed ile
psdsUIUUaesdiamnrauiuTeyani
w5 ol [10], 1191 § smrnwudlaid ulumny
ANUAFIUT 190 UAA BIVINITUURIAIT LS
povaussnou inszazyhlitoyadldlidulumy
auuAgIuaNudiadosnInveIRIANLUTUTIY

(Variance Stability) 19961 UsMOUAUDY LAZD1D

lnsinszifiauerainndould dawanis
nagounuindulumuauufgiusta u fafuill
Fndudewinisulasardnlsnovauss lay
ansaiarsantdannsmanuiiasdunuuns
wanuasUnf (Normal Probability Plot) U8sA1dIU
anAne Fanudfidnearnisdasssvesandiu
andnalndifeadunss uazde p-value 0.792 &4
wnniseRuleddey 0.05 MduisanunsoagUls
MNdURNANTNITHANLAIMUUUNG Laza1nnsIv

YBIFAIUANAILATAINUVDINITNAABY  (Versus
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Order) wuinguanAeiinisnszaneiiegegusau
wwannuAud Jsaunsaasuliindunndrediany
Judaszroiu uazannsmvesdiunnAuas e
fnfild91nannis (Versus Fits) wu3ndaumndng
nszaefataduviniarauTouLLINuALEFe
AundeveInInszaelndidesiunaenaiile
sanun Teanunsaaguldindrunndiadaiig

wUsUTIUAIN

a

PNNTWRUEINARBY (Surface Plot) gy

5 waz3ui 6 awnsaesuieanuduiuslafe e
< a 1 a L3 X Yo 1 =

auslunslauifiuigeduazlidadiuvende

ianas Weszgzlamiidunuiinduiglidndiu

YauAadianad warkl owseaulun1snanSuLues
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Wt uarlddndruveadefianas lnawlefinnsa
HansyNUsImsEnieanuslunsilaualiniuagy
wssrulunsudnsues nuinfiussiulunisudn
Suues 8 Un$ Wloaruisalunsawlifinidey
910 70 fadwnsaodundt Wi 30 fadunsde
Juft dndhurendeazanastosninfiuseulunis
NeNSULWLS 15 115 lagludiuvesnansgnus i
sEInessesamytunuLasLsulunsudn
Sues nudndlewssiuluniswdnsuuesiniu 8
v1§ Wiosveramiisueuasuain 0.5 Juil
U7l 1 3undt dndruvendeszanasnnniniiuseiu

Tuniseansuuesivindu 15 uns

Response Surface Regression: Defect rate versus Speed, Delay time, Pressure

Stepwise Selection of Terms

a to enter = 0.05, a to remove = 0.05
Coded Coefficients

Term Coef SE Coef T-Value P-Value VIF
Constant 0.034333 0.000582 58.98 0.000
Speed 0.004981 0.000704 7.07 0.000  1.00
Delay time -0.006475 0.000707 -9.16 0.000  1.00
Pressure -0.006608 0.000693 -9.54 0.000  1.00
Speed*Pressure 0.002500 0.000920 2.72 0.017 1.00
Delay time*Pressure 0.003333 0.000920 3.62 0.003 1.00
Model Summary
S R-sq R-sq(adj) R-sq(pred)
0.0026035 94.60% 92.67% 88.15%

Analysis of Variance

Source DF Adj SS Adj MS F-Value P-Value
Model 5 0.001663 0.000333 49.07 0.000
Linear 3 0.001524 0.000508 74.95 0.000
Speed 1 0.000339 0.000339 50.00 0.000
Delay time 1 0.000568 0.000568 83.86 0.000
Pressure 1 0.000617 0.000617 90.99 0.000
2-Way Interaction 2 0.000139 0.000069 10.25 0.002
Speed*Pressure 1 0.000050 0.000050 7.38 0.017
Delay time*Pressure 1 0.000089 0.000089 13.11 0.003
Error 14 0.000095 0.000007
Lack-of-Fit 9 0.000073 0.000008 1.82 0.265
Pure Error 5 0.000022 0.000004
Total 19 0.001758

Regression Equation in Uncoded Units

Defectrate = 0.2400 - 0.000790 Speed - 0.1709 Delay time - 0.01689 Pressure
+0.000105 Speed*Pressure + 0.01111 Delay time*Pressure

JUN 4 HamsBeseanuuUsUsiukasmsiinswinisannsy
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Surface Plot of Defect rate vs Pressure, Speed

Hold Values
Delay time 0.75

.04

0.
Defect rate | .

2 .
10

s 2
45 : 14 Pressure

60
Speed 30
JUT 5 nsmiiuiinaneuvesladennusilunis
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0.00596 #1nH 9A1A1UL5 un15 T aud Ry 20
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Desirability v 1 #ungaungusana1tade
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n1snanfuwuesas Tuidunsiginszeziainiig

v
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Surface Plot of Defect rate vs Pressure, Delay time

Hold Values
Speed 50

Defect rate 004 J

075 ~
Delay time - 14

12
1.00 10
8 Pressure

JUN 6 Ny vtituinaneuvesladuussiulunis
HANFuETUAL ST BRI

¥

A159BALUUNITNAABY AELATiASEAUTa8T 196

q
'

Joiliddndruvendeniiantiues lngsedures
Yaduindrvesnissidaguuasafivansauild

91n#eAU Response Optimizer WARIAINITINA 7

Response Optimization: Defect rate

Parameters
Response Goal Lower Target Upper Weight Importance
Defect Minimum 0.016667 0.053333 1 1
rate
Solution
Solutio Delay Defect rate Composite
n Speed time Pressure Fit Desirability
1 30 1 15 0.0059622 i
Multiple Response Prediction
Variable Setting
Speed 30
Delay 1
time
Pressure 15
Resp: Fit  SEFit 95% Cl 95% Pl
Defect 0.00596 0.00438 (-0.00342, 0.01535) (-0.00496,
rate 0.01688)
0:1000 e ¢

1300} 10 1150)
Low 300 050 80

Minimum
y= 00060
d = 1.0000

1

JUN 7 wansmseRunimuzanvestadeynd
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M13°99 7 szruvestadeindiveinisaisantagiunasainfiviungaunlaainileidu Response Optimizer

tJadeiudn miéfwi'ﬁ]aqﬁ'u Arfimunzaudildanfleidu Response Optimizer
AsSluM s Uausdiins 50.0 30.0
SYEY AT 0.7 1.0
useulunmswansuiues 10.0 15.0

3.5 HANISAIUANNTEUIUNIT
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