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ABSTRACT

The objective of this research is to reduce the amount of Injection Molding defects. Statistical
principles are applied to analyze causal factors that affect product’s quality. In addition,
before beginning the research, the problems about large, non-standard shape defects which
affected production costs are the main problem for the factory. The research is conducted
by using Cause and Effect Diagram to analyze the causes to determine the most 3 critical
factors for further analysis. The FMEA is consequently used to identify the first three
importance factors; holding pressure, mold temperature, and cycle time. Those factors are
used in designing the experiment with 2" Factorial Design to test them if affect this problem
significantly. Finally, the factors considered are adjusted to decrease the defects. The result
from the research reveals that those factors affect to the problem by both main effect and
interaction among the factors. After adjusting the factors, the amount of defects has reduced
from 39.05 percent to 2.78 percent follow objective target 50% refer company policy. It can
be explained when mold temperature is higher, it allows the product to generate more crystal
structure opportunity to reducing size. In terms of Cycle Time, the shorter cycle time is forced
the product to cool down outside the mold and promote more shrinkage. Lastly, low Holding
Pressure would lower the product’s mass. The experiment showed that Mold temperature is
45 degree Celsius, Cycle time is 32 second and holding pressure is 10 Mpa would be the
most appropriate for this case.

KEYWORDS: Injection Molding Process, Non-standard Size, Design of Experiment (DOE)
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Run | Mold | Cycle | Holding | 2#1a Run | Mold | Cycle | Holding | 2®#1a
Order | Temp | Time | Pressure | (mm) Order | Temp | Time | Pressure | (mm)
1 - - - 100.22 21 + - - 100.09
2 - - + 100.29 22 + - + 100.22
3 - + - 100.25 23 + + - 100.42
4 - + + 100.25 24 + + + 100.50
5 + - - 100.08 25 - - - 100.26
6 + - + 100.21 26 - - + 100.3
7 + + - 100.36 27 - + - 100.38
8 + + + 100.41 28 - + + 100.36
9 - - - 100.22 29 + - - 100.09
10 - - + 100.22 30 + - + 100.22
11 - + - 100.32 31 + + - 100.47
12 - + + 100.29 32 + + + 100.52
13 + - - 100.09 33 - - - 100.24
14 + - + 100.25 34 - - + 100.28
15 + + - 100.45 35 - + - 100.32
16 + + + 100.49 36 - + + 100.29
17 - - - 100.26 37 + - - 100.08
18 - - + 100.35 38 + - + 100.28
19 - + - 100.35 39 + + - 100.40
20 - + + 100.36 40 + + + 100.41
Lﬂdja

dl‘ =3 [ a d'd > al
LATDIRNNYAL (-) RN Teauvaddeduniszaudn (Low)

A = 9 o da o g )
LABIRNNBLIN (+) KaN8Dy szauvaddavuniszaudi (High)
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a 6 & ¥
5. ﬂ’]i']tﬂi’]zﬁuagﬁéll NAaNIINAaadluadIan [6]
INNANINARBITILNANDITUAULLRBITZAL (25 Factorial Design) l4a131991 5 #inen

P v a 6 aa a 13 a o a
@lﬁlﬂﬁuﬁlx‘l‘l’]vl@]&l'l'lLﬂi’]:‘l’mﬂ‘l’l’]dﬁﬂ@l I@]EJﬂ’]i'JLﬂiﬂzﬁﬂ'ﬂ&lLL].J??[J?'J%LWE]VY]'H"D’%EJﬂ’ﬁLﬂ@]

= ' A e o w P o o o, a A &
Tan1dwuwuwiale (ad19ined1an) NizautusIan 0.05 (01=0.05) Taluiwaanwny

"‘Jmﬁzﬁuaza;ﬂwamsmaauﬁamuﬁﬁaﬂé‘lﬁﬂmmumaaﬁa Minitab ® 14 ¥1¥i1N15
AATIZRHANINARDIN I

51 A37989UANNYNABIVBIFUMULNIINAADS (Model Adequacy Checking)
MIATIIFBLANNYNGBIVIFULLUNMINARBILTUNIATIIFOLANNNINERULAZAN

Qnﬁawadﬁagaﬁvlﬁmmsw@am S’fmNamimaaaaummmLLam"l,é'ﬁagﬂﬁ 6 ﬁagﬂﬁ 11
lasfiauafgwit JdunuzasfdUuand19 (Residuals) ﬁ"[@i”mﬂﬁa%laslumsmaaaﬁaaLffluvl,ﬂ
AINNANNIIVBY €; ~ NID(0,0%) Aa drdanand1dinisuanuasnuudnd wazidudsszeny
dasulnaifns 0 uaz o2 fidneea (Stability) Fvazlddayaanninaassiianugndas
uanidofiald nsnmamay €, § 4 Tuaou Ae

1. NIATIIROUNIINTZANLAILUUUNG (Normal Distribution) VaIAIFIBANAT
(Residual)

2. MIaTIgauaNUdwdase (Independent) VaIANFIBANAS (Residual)

3. MIATIVFAUAURARLVDIAFEINANA (Residual)

4. MIATIIROUANNLENIVDI O (Variance Stability)

(2

wansavasauanudullldmudesuadgiwusaslaasi

1) NIATIVROLNITNIZLAILULLUNG (Normal Distribution) 2aIANEIUANAN
(Residual) 9NN TNIIDNVAIANEIUANATY (Residual) FaldlunInageunsnanuasuuy
1n& (Normal Probability Plot) I@Uﬁﬁagalumiwﬁ 5 ma%ﬁuflmmugﬁé’agﬂﬁ 7 WU
AEIUANANY (Residual) AnTnTznsmauuwdwasd vinlddszanaldin drduandns
(Residual) M ILANUAILUULNG uae P-value gam’lﬁ'u 0.545 (G'fjaggaﬂdﬁ 0.05) Ltaﬂddﬁaga

a1t lAasvida bl e
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ip]

Residual Plots for Residual

Normal Probability Plot of the Residuals

Residuals Versus the Fitted Values

0.08
° (] L]
%) 0.04 ° o ° N
5 5 e L, ° e
8 so T oo0fs -—2
g g : . .
-0.04
10 e . e
L]
1 -0.08
-0.10 -0.05 0.00 0.05 0.10 100.1 100.2 100.3 100.4 100.5
Residual Fitted Value
Histogram of the Residuals Residuals Versus the Order of the Data
0.08
10.0
z 0.04
7.5 B
3 2 000is
2 )
g 5.0 8 \v4 ¥4
* -0.04
2.5 g
0.0 -0.08
-0.08 -0.06 -0.04 -0.02 0.00 0.02 0.04 0.06 1 5 10 15 20 25 30 35 40
Residual Observation Order
P
3Un 6 Residual Plot
Probability Plot of Residual
Mormal - 95% CI
a3
Mean -1.06581E-15
StDew 0.1024
a5 M an
aD 0,202
B Pt alue 0,545
20
70
2 60
2 w0
=
T 0
n- .

0.0
Residual

0.1

0.2 0.3

3UN7  uaaIn1InIzasuUUUn@naIA Residual

2) MIaTFaUANNTudaIz (Independent) aIAIFIBANAN (Residual) RINTD

ﬁaﬁmﬁmnmsﬁﬁa%la’l,um‘mﬁ 5 NNFTIUAUNANNINIZINY (Scatter Plot) a431U7 8 Lila

RNTUININTZNLVBITDYAVUUNUNTNUIN NMINTENLAIVIANEIUANAS (Residual) &

gﬂLLuuﬁLﬂuamz "l&iﬁgﬂuuuﬁlmuau vﬁa"l,sjmmmﬂs:mmgﬂLmuﬁuuuauvl,ﬁ WRAI L

WAWINANFIBANANY (Residual) Ianutiudaszdany (Independent)
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Residual VYersus the Order of the Data
0.2
0.1
T 0.0+
=
o
&
_Dl -
_D.2 -
_0.3 . T T T T T T T T T T
4 2 1z 16 20 24 28 az 36 40
Observation Order

53U 8 MINIERAIVBIAEINANAY (Residual) LiwuNL Observation Order

3) MIATIVFOUALRABTBIFNEIBANGNY (Residual) GREVRERITERPLISE R IIEATE FY
NNINIZAUAVAIANFEIUANAN (Residual) LNV Fitted Value Immsﬁﬁagahmswﬁ
5 MaRaduuaunliuaainnznsvesdidmuand 1y (Residual) gunuszauaddaionn
an ﬁagﬂﬁ 9 WU’j’lﬁ’lﬁi’Jumﬂﬁ"ldﬂizﬁ]’lUﬂﬁi’]diﬁui@m’muﬂﬂﬂ&ﬁUdﬁ"ﬂ 0 Hufa ALaduval
faunaneslarlnaldgansalvinny 0

Residual Versus the Fitted Value
0.2 d
[ ]
° ] o ®
0.1 ° ° R
] b : °
s 0.0 °
- : . .
3 [ ]
[ ' [}
014 g L]
[ ]
-0.2 °®
[ ]
-0'3- T T T T T T T T T T
100.20 100.22 100.24 100.26 100.28 100.30 100.32 100.34 100.36 100.38
Ftted Value

53U 9 MINIERBEIVBIANEIRANATY (Residual) LiwuNy Fitted Value
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4) MIATIIFAUANNIENEIVBY O (Variance Stability) f313ARNNTINNINUNKAL
o { A = a o v . L .
MINTENEaIFUN 9 Tadulnw)in1INTzNLVIAIEIUANAI (Residual) LNEUAL Fitted
Value WU OF va3aN&1uaned (Residual) Aarlnfiassnwluudazdiunis wazlanuin
JUUDUMNINTEANBAMIVBIAFINANY (Residual) fanwastduwm lituudednglae %aa@ﬂvl,ﬁ
dayafianuaisrvesanuudilin
A =3 ] 1 1 v . AV o v &
N3UN 6 019 9 WUIFUUULBBIAEINANATY (Residual) fleand aﬂacl,umsmaaol,ﬂu"lﬂ
AURANMNIVRY €; ~ NID(0,07) nilazm3 é’aﬁfu‘?ﬁm@ﬂ%’dﬁayamiﬂmaa“qﬂﬁﬁmwgnﬁm

a ' A A o v [ ' o a 1 & ] v
LRSNANAUILTOIND F1UIDUNY QH amﬂm’svlﬂmmm PR IRREN LLﬂiﬂi’)%sL‘Wll e @vl,‘]_]vl,@

a 6
5.2 n1stAszraMNLlIlIIn (ANOVA)
mﬂNammmaaaumwugnﬁawaagﬂLLuumWﬂaaawmw lifianuAednfvesniy
a &/ v A val ] A A = Y o v A o a 6
NANDILNAYY LLa:magawvlﬂwmmmmaua aavl,@mmayalumﬂm 5 Y17INNTUATIER

AMuLUIUTI% (ANOVA) L1Nadn=8NnTwazadtaduninue laafinuassauainaisadui

95% (0L=0.05)

= a 6 ¥ = o
AN 6 WNANIFTILATIENH ﬂ')’l&luﬂiﬂi')%‘ﬂﬂﬂ"ﬂaﬁaﬂ’liﬂﬁaad wounnnaIgadanIITAL

MINATRHANLLSUATH Minitab
Full Factorial Design

Factors: 3 Base Design: 3,8
Runs: 40 Replicates: 5
Blocks: 1 Center pts (total): 0

Factorial Fit: Response versus Mold Temp, Cycle Time, Holding Pressure

Estimated Effects and Coefficients for Response (coded units)

Term Effect Coef SE Coef T P
Constant 100.296 0.006297 15926.81 0.000
Mold Temp 0.012 0.006 0.006297 0.91 0.368
Cycle Time 0.167 0.084 0.006297 13.30 0.000
Holding Pressure 0.057 0.029 0.006297 4.57 0.000
Mold Temp*Cycle Time 0.115 0.057 0.006297 9.09 0.000
Mold Temp*Holding Pressure 0.040 0.020 0.006297 3.22 0.003
Cycle Time*Holding Pressure -0.041 -0.021 0.006297 -3.30 0.002
Mold Temp*Cycle Time* Holding Pressure -0.011 -0.005 0.006297 -0.83 0.411

S =0.0398278 R-Sq=90.45% R-Sq (adj) = 88.36%
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Analysis of Variance for Response (coded units)

Source DF Seq SS Adj SS Adj MS F P
Main Effects 3 0.314947 0.314947 0.104982 66.18 0.000
2-Way Interactions 3 0.164727 0.164727 0.054909 34.62 0.000
3-Way Interactions 1 0.001103 0.001103 0.001103 0.70 0.411
Residual Error 32 0.050760 0.050760 0.001586
Pure Error 32 0.050760 0.050760 0.001586
Total 39 39 0.531537

Tunsianzidrsanuudsdsiu ﬂitﬁmwﬂaaaLLWnﬂaL‘%UaLﬁwgﬂ 2%) azvinns
RNTUNBUATAZEN (NANTENUIN) NawaNe 39lunsdifiviinsimmsiannnii 2 Jase
WAETINANTENUIINNUBRIATY (p-value < QL) a2 livmsansanilasananfiisitasnuy
INBUNANTENU3IY (Tas89I0) 1k

MIaTIIRAUTaFNUA LwnTiTanTanseTzRanuLlsdTInEHwARanaalin1g
wanuwadUN@ ﬁflmﬁmﬁ'}ﬁ'ﬂquﬁ anuudylrunsfivasdud aszdonn (mﬂgﬂﬁ 6-9) 29

RINTITNBIUHANNA1T1I ANOVA Tua137197 6 16 6 p-value 28911338 naNT=W319 Mold

Temp > OL = 0.05 LiwuauasA381, Cycle Time Waz Holding Pressure 1¥infu 0.000 < OL =
0.05 Hnadaduasiten aydldidedunanniaes Aa Cycle Time waz Holding Pressure SiKA

AOUWIAVBITUIN UAAIYBIp-value VBIAWATNILITZHINI Mold Temp, Cycle Time LAz

Holding Pressure 1¥inAL 0.411> 01=0.05 G9%134 NLBUATAIEN (NANTTNLIZAING 3 Tad8)

nnnIdinasauiladuian (Test of Interaction Factors) 3Un7 lUasaumfinasay fa

H, : Ta3anlifinadadinauauad (y)

H, : Ja3ssiuinadaf1aauanad (y)

NNIINTUAT R? = 90.45% LRAIIINIITNARDS bAIUNITOaNWULNIALAIDIRIN
AMUABLLINIRNA TA1 100 Wi WAIEINIINATUNANNRKILIINTaan ldTe 90.45

' 1 d‘ A ] a v v v a A Angd d' a 1 2 .
NG muwmaavl,ummmaﬁmﬂvl@mﬂmm@;muiwwmuammma‘wmstmm R Adjust

a & a

= 88.36 % INALALINU R® = 90.45 % usadirdwaudayaiiiuanannisnaasiisiuim
INEWBLEAD

mnﬁf’u@ﬁ@h P-value 784udnzilady SaugasAn P-value & (NBUNUA10.05) LEAIIN
T3y tin SindAnIedng udd1 P-value 289 Mold Temp Henannusasinlifinaudiide

#1238 Mold Temp lu@nwuansznusinnuifaduanuardangindi P-value drugasind
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navhlwliaunsndailass Mold Temp aan'ld nauaasliifinin interaction vasrsanwilass
NANE

MniEuRTINANuFuRRL09a 86 9iidasnsAnen F9azriinie i
FuMIANUFIREIadamaa sl

UMI  Aa M*C + M*H + C*H + C + H + 100

Response = (Mold Temp * Cycle Time) + (Mold Temp * Holding Pressure) + (Cycle

Time * Holding Pressure) + Cycle Time+ Holding Pressure +100

5.3 Wa9INN1INARBINITIATNERANARsUIRILLSIBANSIR B e @z
ANz EN
MnHaMINaaad asduiansasiladslagdsmmaasadsunnna 3 sauuUseszaUT
Tinmuldhdivlateiidninadenninzesfouazgmnnsesndai el uazannan1s
nasaaasdn wohiasunmlumsianansiniu IBnTwasen A TWIB I ;ﬁ%’ﬂ?ﬁﬂﬁﬁﬁ

MINARBIANLANN M A132A LTI NANNZRY EINTOURAIAINANINARD LA AIa13197 7

ATWN 7 WANIINAFDINITA m‘nzﬁmw uissmuuuduwnniaagn

One-way ANOVA: 10, 20, 32, 37

0o o
Source DF SS MS F P
Factor 3 0.33197 0.11066 54.78 0.000
Error 16 0.03232 0.00202
Total 19 0.36429

S =0.04494 R-Sq =91.13% R-Sq(adj) = 89.46%

Individual 95% Cls For Mean Based on Pooled StDev

Level N Mean StDev + + + +

10 5 100.124 0.053  (--*-)

20 5 100.248 0.033 (--*-)

32 5 100.126 0.040  (-—*--)

37 5 100.440 0.051 (%)
+ + + +

100.08 100.20 100.32 100.44

Pooled StDev = 0.045
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v A Y o Qs o v
0 LEAIA1319 ANOVA VL@W] F=54.78 %Gqﬂﬂﬁ@]aﬂﬂidﬂUﬂﬁiﬂ’]u’Jmﬂ’JElﬁﬂ

@ Guen P-Value wuinladkasnnn fa 0.000 < OL (0.05) ﬁaﬂﬁmmw@gmmﬁ”ﬂ LAY

agﬂ"l,@i”iﬂmw Cycle time W&z Holding pressure INAGAA1Y0IUBIAVDITHINUBDEN I3

wasaw
Residual Plots for Holding pressure = 10, 20, Cycle time = 32, 37

o Normal Probability Plot of the Residuals Residuals Versus the Fitted Values

99 0.08

[

90 0o04| * o °
£ E .
8 50 2 000{— .
& & L] ° °

10 -0.04 ° ° o

1 -0.084L°
-0.10 -0.05 0.00 0.05 0.10 100.1 100.2 100.3 100.4
Residual Fitted Value
9 Histogram of the Residuals

4.8
T 36
o
[}
g 24
(3
I

1.2

0.0

-0.08 -0.06 -0.04 -0.02 0.00 0.02 0.04 0.06
Residual

31 10 N3 NLEAINITILATILYLARLAD (Residual)

annTN @ Normal Probability Plot of the Residuals WEAILFUATI 1 17U ua: @ Histogram
LLaﬂdgﬂﬂid‘izﬁdﬂ’jﬂ LLam'jﬁaQammﬂmimaaaﬁﬁ setting Aawdn@
MNNANMINARBINITIATERAN LU TUIMD LI UMt s femaszautladois
BnTwadaqmMWNAAA A s2euilasefi Cycle time = 32 3unfl wa Holding pressure 7 10
MPa fiNasanuauasEwm lagfnruaszauanuidosu 95% (01=0.05)
mnﬁagasfiﬂﬁmnmw@aaﬂ@ﬂﬁwmiagamﬁ'@L‘%mlﬁlﬂu%mwgLLa@aiTa;‘Jlalu

A o v & A o A ' ' A
@137 8 I@Umcﬂwu‘nmmimaad‘nlmmazmmmm@lvlé'lumﬁm 8
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A998 HANIINAADINTNIINITIALSLINED

Mold | Cycle | Holding
Average
Temp | Time | Pressure 1 2 3 4 5
(mm)
(°C) | (Sec) | (MPa)
35 32 10 100.22 | 100.29 | 100.25 | 100.25 | 100.21 100.24
35 32 20 100.22 | 100.35 | 100.30 | 100.28 | 100.25 100.28
35 37 10 100.32 | 100.35 | 100.38 | 100.28 | 100.29 100.32
35 37 20 100.41 | 100.49 | 100.50 | 100.41 | 100.39 100.44
45 32 10 100.08 | 100.09 | 100.09 | 100.09 | 100.08 100.08
45 32 20 100.21 | 100.25 | 100.22 | 100.23 | 100.25 100.23
45 37 10 100.36 | 100.45 | 100.42 | 100.47 | 100.40 100.42
45 37 20 100.41 | 100.50 | 100.52 | 100.41 | 100.39 100.44

PNHANITNARBILFAIMALAUINN Mold Temp iNAL 45 °C, Cycle Time ¥inny 32 Juil
WazHolding Pressure (viiu 10 MPa vinli# ldawaidusinugudnansvasdunuaglugaef
panTU'le @ 100.00 — 100.20 FaFLNAT HIHNAINNNNINAREI Mold Temp YL 45 °C Cycle

Time WinNU 32 w171 waz Holding Pressurel¥inny 10 MPa LAgUNUKNAINENMT Regression

= = ~ .
A199N 9 WanNIINaaaItldIguINgUNaINENNIT Regression

WU uBww |31 | AW1AB1I | Mold Temp | Cycle Time |Holding Pressure
(mm) °c) (Sec) (MPa)

waﬁvlﬁmnmsﬂ@aaa 1 100.08

100.09

100.09

45 32 10
100.09

Al |lOW|DN

100.08

nafldananms 100.07
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6. ayluan1iivy

msdiinniseluasoil sanInanadipnlisugamunIIndananadn lag'led
lFumaniimsinisqunin Fatlszneudsduaauaii ae ﬂgu@aumﬁ:qﬂtymﬁ%ws’m
s Wit “ﬁau@aumﬁmﬁzﬁmmm@;maaﬁtym 1Duein

LT o U A B UHAN aULAZRAINITITE WUFT REIINANIIURNUNKEADDI]I99%
ae191eie Mold Temp winAL 45 °C, Cycle time ¥inny 32 3u1#1 waz Holding pressure
Wty 10 MPa lUvinmInaasusudsmansadenarnlimunsaaasiwinaasdoasldlay
MmaTeuiisuiudayareunisrinidolull 2554 il

A135191 10 sgazidaanasnnisnaatianiatifedelnaldifidelSsumAsunan

LAZHAINITNIIVY

HAAA DN MM | 1MW | W | 1A | gidy | (%) vadids
7320723AA  |WAQNIMAIA | VaILEY | INKAA | @aBW | (UN) | (3MIUNEA

(§u) (§u) (§u) (un) AW INLEE)

4.9, - a.a. 2555 12,780 8,189 | 20,969 | 6.020 |49,297.78 39.05
W.8. - 5.0. 2555 3,425 98 3,623 6.020 | 589.96 2.78%

HRIINANT197 10 waasliFuingatihen Mold Temp 1infiu 45 °C, Cycle time iy
32 U191 uaz Holding pressure 11y 10 MPa w1l lunszuinnisnaayinliannsnaa
Usnaweaduadldodraunnlaguasdonewinnsise 8,189 suanasuily 98 Tu wiada
WJuiasidudivinny 98.80 wazAatduidnann 49,297.78 un wazanadin 589.96 Un wIa
98.80 1a5iud ann1snaseviuiunanisnanssuazidiouiisuAuiuauiawnis
UFulsduan 40 Fs WU GRENIATNANUFINTAVBINTELINANT (Potential Process
Capability Index;Cp ) fianvinn133dunIananiin1tUiudys Jd iy 0.28 uazash
AMNRINITOVBINTZLIWNNT (Process Capability Index; Cpk ) AL¥INAY -0.27 185U Cp
1ae Cpk WaIvM53sd1riniy 0.98 uaz 0.93 aN&ey Touaasliiinitanusasn
POINTLUIUNTTHAAGDU INUFUIATIU V89 C, Uaz Gy 2 1.33 Axfioiinszuaunid

a 4

ANUFNNIDE JdszEnTanlumInaand JveaFutias)
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Process Capability of Aawinnsi[e

LSL LISL

Process Data — iithin

| |
LsL S}PU | | —— Cryerall
Targat
USrI\_g 100.2 | | Potential (Within) Capability
2 0.28
Sample Mean 100,296 | | || P
Sample M | | / CPL 034
StDew(Within)  0.117495 ‘4 CRU 027
StDew(Owveralll 0.117495 | Cpk  -0.2F
| rverall Capability
| Pp 0.28
| PPL 0.54
PPU 027
I ppk  -0.27
| Cpr *
|
|
T T T T T T
100.0 1001 1002 1003 100.4 1005
bserved Performance Exp. Within Pefformance Exp. Crwerall Performance
PPM = LSL 0,00 PPM = LSL S844.61 PPM = LSL S844.61
PPM = ISL  875000.00 PPM = USL  F92659.821 PPM = IISL  F926E9.21
PP Total BFE000,00 PPM Total FI9E04, 42 PPM Total FI9E04, 42
Process Capability of vidariniaa
L=5L SL
Process Drata | | — ifithin
LsL ioo I — I —— vl
T t *
U;Te 1002 | — | Patential (Withind Capability
Sample Mean 100,095 | ™™, | Cp 038
Sampls M a0 | | CPL 0,93
StOew(Withir) 00341107 CFU 1,03
StDew(Owerall 0,0341107 I I Cpk 0.9
Crverall Capabilit
prability
| | Pp 098
I I PPL  0.93
PP 1.0z
| | ppk 093
| | Zpm *
| |
|

T T T T T T
100,00 100,04 10002 100,12 100,16 100,20
Obzerved Pefformance Exp. Within Performance Exp. Owerall Performnance

PPM = LSL  0.00 PPM = LSL 2EFC.9E PPM = LSL  2EF5.9E
PPM = LUSL  0.00 PRI = USL 104122 PPM = USL 104122
PPM Taotal 0.00 PPM Total 371718 PP Tatal 371718

Ellﬁ 1 ns'mlu,amm'mmmmmaamzmumsﬁauuamé’amsﬂ%’uﬂ*y

7. Jaldwaune
o o a v a v d‘ |
NN INAaaIri Ik lssuavTninannsedwnaiia lfidieduwuwinialu
nsut ity luFesvesswalngnitunasgiu lagiidadodrsg a3t laun
A A ¢ o A A £ | Y ' v o A o
gannivasnifnd Saamngizdnuniurilafszdesaglutainuavasnianmi
& A A A o o A o = ) a
Wi UaziiaNanadiiaNazlRBunuauITanaa N uuanwalnuW be wen tdaistastinly
TaazdINadaTuiulFozUnald, Holding pressure a13azlviias giialiuiauesfuiu

a@maLﬁasl,ﬁl,ﬁué"sa%islw,ml,ﬁuﬁ BIpT
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