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PITHAK KHRAMTUNG: A SYSTEMATIC APPROACH OF RELIABILITY
BASED MAINTENANCE FOR A FILM BLOWER MACHINE. ADVISOR:

RUEPHUWAN CHANTRASA, Ph.D., 190 PAGES. 2012.

This research aims to develop the reliability based systematic approach for the film
blower machine maintenance and a decision support system {DSS) to identify an appropriate
maintenance period for each part of the machine. This development would reduce the time
consumed from an unexpected breakdown of the machine during the film blowing process which
has high cost for resetting the machine. To develop the standard procedure for preventive
maintenance, the failure modes of the machine breakdown and the effect from machine
breakdown were analyzed. The decision support system was divided into two parts. The first part
was the evaluation of the reliability of the maintenance period which was set at 95%. In the other
part, the optimal maintenance period was determined by considering the minimum maintenance
cost. The optimum maintenance period was compared by considering the preventive maintenance
cost, correclive maintenance cost and the reliability of machine part form the historical data in the
past year. The results from DSS program showed that the new maintenance plan caused reduction
in the preventive maintenance cost by 255,467 baht, or 83.35% reduction. Whereas, the corrective
maintenance cost was increased by 15,144 baht, or 10.79% increasing. As the result, the total
maintenance cost was reduced by 240,323 baht, indicating the exceed frequency of the former

maintenance plan.
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Plotting) #70 111561A 5% Minitab R 14 Wan%U Stat > Reliability/Survival > Distribution Analysis
. . . . . © o .
(Right Censoring) > Parametric Distribution Analysis ﬂWHﬂﬂWiui}ﬂLL%\‘lLLUU%yaﬂ (Weibull
[ v ¥ I
Distribution) Ha¥ 1AAININA 4-14 N15LANLAUBYHAIAT (Exponential Distribution) Hah 1AAa
a = . . = r P =1
NN 4-15 MTLINLIIINH {Normal Distribution) W 1A WA 4-16 LASNITLINLDIADN

U (Lognormal Distribution) Haf 1AAInTWH 4-17

Probability Plot for Week
Weibull - 95% CI |
Complete Data - LSXY Estimates |

w _— — ik P SERE— —
T 7 " 1 Tahke of Slatstics ] i
: L hape 1.34661
% - Scake 506309
80 | Mean 8.31907
o1 Stev 624138 |
Median £.90736
50 L 19k 7.96232
0 - . | | Faiure 7
e
;
* J

Censor ol |
AD* 1843
£ orrelation 0.955

Percent
2

100.00

= = = < J . . . .
ATWA 4-14 #AT 1IRINMIT URTIEHAITHIALT MDY 19Yad (Weibul! Distribution)



301

Percent
s

Probability Plot for Week
Exponential - 95% CI
Complete Data - LSXY Estmates

1.0 16.0

Table of Slaustcs
Mean 7 88138
Sthev  7.88118
Metian  5.96296

IQR 865858
Failure ?
Censor Q
i AD" 2.234

106.0

= a o o dy
ATWH 4-15 WaR Ja91nAIT AATISHNITUINLTIAVY

o ar

1849 (Exponential Distribution)

Probability Plot for Week
Normal - 95% CI
Complete Data - LSXY Estimates

Percent
5

e

Table of Statistics
Mean &
StDev 5.76352
Median ]
1QR 7.77487
Fature 7
Censor 0
AD* 1.781

Comelatgn 0.978

— = = o N . . .
ATWA 4-16 WAR MHDI0NTSAATITHNITHINUIIUNR (Normal Distribution)
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Probability Plot for Week
Lognormal - 95% (1
Complete Data - LSXY Estmates

y Table of Slaustics 1

Lo 1.82747
Scale 0.889983
HMean 9.2396)
SiDev 101550
Median 6.21811
IQR 792175
F aliure 7
- Censor 0
8 AD" 1.554
a-’ Corelation 0.948
a

= ot = 4 < = . . .
AINA 4-17 WA 1a91NN15 AN IZHMSHAINUAIBNUNR (Lognormal Distribution)

o =1 1 , = i = s
sl o1t Anderson Darling (AD*) # I8 91nm 53 s gy
MSHANLIIVDIDYAA 0 111N TUMinitab R 14 TagW15811911 Anderson Darling (AD*) 494
LABENISHINLDIVBITBYA TIIEWIIWIAT Anderson Darling (AD*) MY BUTR AIUAAINITIIN

4-11

= =1 ! R 1 o o & b
M1319% 4-11 wan15Soufioun Anderson Darling (AD*) vaaga audul A amam -

(IBC Air ring)

Weibull Exponential Normal Lognormal

IBC Airing | £.843 2.234 1.781 1.954

o = a 3/ 5 1 d
M5 ATz UuIUNTIINLIveItaYad IuM I NAn T IR L 9 Y
- . kY a o Y r A ' 7
(Probability Plotting) 91ndpyamiUanuivesnmsvavesvesdvlsznaunsouthiay
a [ o a a9 ar s Yo =} ! )
Ma3INNIMINIINg TNy uBatoany nahila As MsfSouRvu Anderson Darling
a1 W

(AD*) Alimdesge Tuusazduilsznowmasesdnigluuunisusnuasvesdiulsenay

AINANIAILAAITUATTIN 4-12
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P =1 1 1 4 T
§1519% 4-12 HaMSIUTUUNOUAT Anderson Darling (AD*) vadadulsenounsoauthway

Weibull Exponential Normal Lognormal
Extruder 3.443 3.49 3.441 3.462
Blender 2.165 2.947 2172 2.617
IBC Air ring 2.523 2.82 2.436 2.558 1
_—
Bubble cage 2.527 3.784 2519 2.697 h
Corona 2.819 3.281 2.795 2.791
Haul-Off 2.217 2117 2.334 2.083
Winder 1.512 2.072 1.602 1.448

MAIDINAAITUIA Anderson Darling (AD*) N 1TosRgALE? 11

1 =Y 1 y o d Al
A5 10903 V09N 15 UNLIVDITINYIEno AT o) HAUATAT Anderson Darling (AD*)
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a a 2 . o o
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nsagaslulusunsumsmuinsenmsthysshyugedlesiuas 1 nanidsmisieh 4-13

G139 4-13 HAVOIATWIS WMo voIMIusnuIsvasTIulsznouas authdu

Parameter Distribution
agdwanisuaniog -
Mean St Dev
_E:ln:der _ L _Norma_l T 3.33-;’; _3.045
Blender Normal 7,833 4.496
IBC Airing ] Nomma 5.4 582
7Bubble cage _Nom;al_ ] 9 3318
Corona L;normal 8.096 5.186
Haul-Oft Lognon?al 5.27 6.697 |
Winder I Lognorr_n; 5.387 5.257
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Wnmal fie yanaugRan (Die Head) uay gavi1n 1m0y (Chiller unit) Tavthdoya
1 a & ! o = LS a
a1 NUTomsearuaIy iath lUinzinn1snsz oAU U 8INTIHENIURS
1 i o 1w a X [ o o = Y ' [ .:%’
uAazIUY tReR T du sz imBandunutuinfiga Tuvuasuae lUas
' 3 o o
1.1 e augian (Die Head)
[} ' = . . o1 & o
1140y ag191981A MUK (Time to Failure: TTF) 910015139 4-14 1IN 191
¥ 3 ! o - .
MIFULDUNMSHINUDIYDITBYARIUNITIANT WAL (Probability Plotting)

&0 T1l5unT0 Minitab 14

‘; ’ = 1 J =
13137 4-14 FoYBTIUINIMIMTURIY (Time (o Faiture: TTF) vpagauriugUddy

(Die Head)
A% YOYAYIAINAUAUNIY (Time to Failure: TTF)
I 8,640
2 ) 198,960
3 1T 472,320
4 | 535,680
5 599,040

1INMsNAFoUAI0 11U IUNTY Minitab R14 #1073 %1 Stat > Reliability/

Survival > Distribution Analysis (Right Censoring) > Distribution 1D Plot 111131 UA
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ATTHANLDIUUY Weibull, Exponential, Normal, Log-Normal Ha111N17 UAIIETHNITNIZ1UAY

4999030 U8IYADic head AINIWD 4-18

Weibull

Percent

Die head

Exponeatia?

Percent

Die head
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Probability Plot for Die head
LSXY Estimates-Complete Data

Correlation Coefficent

|
Logm Weibylt
o Dl [ | 0.844
Lognomal
9 . 0.778
H E xponential
¢ s . | d
: ! L] Homal
901
160+ .0// 0.50
gl . = =
10000 LOGO00 1000000 LOOOODOO
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- 1
a |
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9
[-%
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-
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ST | 1 : i
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Dle head

AN 4-18 M INTEIWYDITOYDYDIYA Die Head

NN 4-18 WU TIUTDYRIINATINFIMI0Y03YAY 3 10 (Die Head)

= i = . . . ] a a1
ImsnszaweguuduaInsuanuawuDUng (Normal Distribution) s 1wHwINUaz i

Fulsedntanduiusuinfiganiiy 0.901 Fuaeedl JeyarIuImanuduneIDIge

172191 (Die Head) TR0 s nA1N17000189UNA (Normal Distribution)

A N A0 Yoo < L3 ¥ « ..
Wotudunaf 1dviimsmsergduuunisuonuea 18910 TUsunsy Minitab R14

HIVEVIN TN DA

M1519% 4-15 TTNTNAToUNIZA3Uadnd (Goodness of Fit Test) TUUABZNITLENDS

Aldvesou Aan1319% 4-15
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Normal/ Lognormal
Exponential

Weibull

Kolmogorov-Smirnov Test
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Mann ’s Test




99

TauTsnsnagouu0Iyati1la (Die Head) N15N520100 D UIEHUBINITUDNUA
1UUNA (Normal Distribution) 1935 M15NagauUN112@131/a1ind (Goodness of Fit Test) WUl
) ! = =

Kolmogorov-Smirnov Test thasninidlumsnaaon lugduuumsianiaalnd (Normal
= ?l’l 3 a % dy
Distribution) TauivuABUAITAUTUNTAIN
1) MAUATUUATIY
¥ 1 = a ) <4 =y
HO: 40YA7IVINANUFUMILVOI YA 18 (Die Head) 11 UMILEALD1NA
(Normal Distribution)
¥ 1 = ar ) (=1 )
H1: Y8427 WIMANUTIR WU “gﬂm"lﬂ ( Die Head) luitlumsnaniaslnd
(Normal Distribution)
2) MyuasEAUNBAAY o = 0.05
= G aaa; ° ]
3) HeNdIaDAN 1T UM SNAFOLLAZALIUNIAT

anan lgaaay 1aun Kolmogorov-Smimov Test :1naHAN [¥NAT8UAING17

1 =y ar ar d. a g
FFTOMIAIHIGIDADITAII 7 LARIATI 1N 4-16 ATl

= [ ! = o
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PN NUFEMBY09YAY 2 19 (Die Head)

i o i
AUz i1 i
1 I8 ’ o D, D,
ey n h
1 8640 0.078 0.000 0.200 0.078 0.122
2 198960 0.256 0.200 0.400 0.056 0.144
3 472320 0.669 0.400 0.600 0.269 -0.069
4 5335680 ; 0,755 0.600 0.800 0.155 0.045
5 I 599040 (.828 (.800 1.000 0.028 0.172

A91U maxD1 = 0.269 (1A% maxD2 = 0.1722

¥
IR UR Kolmogorov-Smimoeyv Test = 0.269
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4} MIUTIIUINGH

81 Dn< D, MSNATOUANNAFIUIZYOUSY HO UA01 Dn > D, N5NATOL

AULATIUILOOUTY HI 11N1511an1513 Kolmogorov-Smimov Test Ao =005ua%n=5
(AR ¥ m31a7 n-1) 18 D 0.05 = 0.3 argUua il D1 - 0.260 <D, =03
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11IIANIMFDT U912 18 (Die head) (Hun13119n193UV VNG (Normal Distribution)
1.2 4@ Chiller Unit
11dfoynT1990 M MUY (Time to Failure: TTF) 1A®15197 4-17 ¥11013

& o 3 ¥ 1 o - .
ANTIAMIFIUNTSUINUDIVBIYBYARIBNTTI1ANTINA UL Y (Probability Plotting)

3
#aoT1l50n5y Minitab R14 @ail

@1319% 4-17 UARIVOYATIUIAIANUETEH1Y (Time to Failure: TTF) ¥84%# Chiller Unit

afdi | %’ag>t;i¥a_~ﬁ§ﬁ1ﬂa1u1§ﬂﬁ1ﬂ (Time to Failure: TTF) i
1 6,970 |
: 7,500
3 | 11,520
4 - 13,260
s | 20,430
6 25,650
7 " 30,510
s | 73410 |
9 91,935
10 | 106,860
1 145,890
12 “ 191,520
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Probability Plot for Chiller |
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| Weibul
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| -~ 1
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10 orma
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14 - e ——1
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£ » | H
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a 10 ] o
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P . S = [ S o
1000 10000 100000 1000000 -100000 i 100000 200000
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MUN 4-19 mms:mwaaﬂaya%wﬂmmmwu {Chiller Unit)

VNN 4-19 wUNTILLTEYaTIIIMA LR UETD gAY T
n'izﬁJwagjumﬁ'umaamm%mmuuUﬁaﬂﬂﬂﬁ (Lognormal Distribution) Husnuinauasd
sz Ant anduugniigasiiiy 0.976 Fuaash foyavauimniudumieuas
Chiller Unit TAWAINAVAI513N10 30U URBNUNA (Lognomal Distribution) ioiuimg
Tahnsaesedgduuumsuanuatlao 19 msnaae Uy Kolmogorov-Smimov Test
iosnnflunsnaaenlugduuunsusnusaudenind (Lognomal Distribution) Tnod)
Sumeumsduiumsad

I MHUATUNATIY

Ho: YoyavranannuFomvvosgainnuduilunisianuswudenind
(Lognormal Distribulion)

H1: Yayavanmanudomovesyainnudu liidumsusnusanuuion

1Jnd (Lognormal Distribution)
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2. MHUATEADNYEIAY @ = 0.05
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nsgasnuuFatlestunsmanutuseto 94% Fawavedlisunsuazianalured Time lag
Hamsa LNl szuIaravel Isunsumsmuanseunisthyesnuugedesnudiuai
Hurahoveoyayai la (Die Head) wud1gaaniveamstyeinudailosiuveayaiia

18 (Die Head) R 101MUHNTD0D 94% UAUNINU 1,5295 1IN W30 10 U HAAIAININA 4-3]

nnlszutuniiuudeaaain gada

No. Time 1o Failure (Min) Calculale
1 264 | . Nommal Dist _'
2 13450
Lognomal Diat
3 T2 g —
4 S1568C _Exponential Dist
5 SEA04C 3 :
Weibull Dint
5
7
8 Arawer
g
10 Time = 1525% Min
1
12
| Rese
13 T
14
15
Rebiability = 34 . %
(90 - 58 %)
Closs |

Py ' o = ¢ o a 2 = o a
PINA 4-31 ey nanues llsunsuaeuiunai A nnusaumsthy s nuusdlesiuyarale

¥ . 1 oy o i
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d’ 1 - . 1 ‘3 o) .
$15190 4-19 %’egammmmmmtmm {Time to Failure: TTF) mawmﬂwugﬂﬂﬁu (Die Head)

p3ai Yoyn¥241721A2 BN Y (Time to Failure: TTF)
| 8,640
2 198,960
3 472,320
I
4 535,680
5 599,040

MNTENISMRAUN1IZ AU ATING (Goodness of Fit Test) A6 11514n 31 Minitab
[ [ = ) . . 5 o =) o
R14 nsumsuenuasdoyailluuuulnd (Nomal Distribution) 91AHUAMUIMWIHASS

¥
A5UINUDI DT DY AUV UUNG (Normal Distribution) 74T

I w—n .
H= ";ZJ:} Xi
=é(8,640 + 198,960+ 472,320+ 535,680 + 599,040)

= 362,928
X - w)?
ol= ;,:' *__) )

n
= ((8,640-362,928)"+ (198,960-362,928) "+ (472,320-362,928)+

(535,680-362,928)"+(599,040-362,928)°)/5
= 4,999,2846 336
o = J4,999,2846,336
= 223,590
MvpTaImImMithysinniidnuindeie 94% 7 ldnnTusunsufiswiiy

15,295 W19 LN IUANNINIAINILEUTOH0

R()=1- ¢(5‘;‘i}

_y_ 15295362928
223,590

=1-¢(-1554)
= 1-0.0606 =0.94
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12 191520
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Q) 1 cal = o < - .
NIUTOUHBVDL TUTUNTHAIUAWUNTORDYAYIA IO (Chiller unit)
Y = SR o W Yoo W w1 o
MNGoYaAIIT 1T 4-17 fave Iddrdayadanaiyiimaniugeuraves lsuny
AunsoumsthyssnuudetlesnudwitmsmaneunaaounizajUating (Goodness of
o o = =
Fit Test) 920 115un 3y Minitab R14 ¥ 1dmswmsuanuasdoyad wunaennd (Lognormal
ES ° =Y o < )
Distribution) 310MuA LMK W MsHINUIIIBIdayanUURENUNA (Lognormal

b
Distribution) 34

. 2. nkx,
n

=1n(6,970)+1n(7,500)+In(11,520)+In{13,260)+In(20,430)+In(25,650)+1n(30,510)+
In(73,410)+1n(91,935)+In(106,860)+In(145,890)+In(191,520)/12
=10.123

2 _ L(ln&#)z

med

!
n

= ((In(6,970)-10.123)"+(In(7,500)-10.123)"+ (in(11,520)-10.123)"+
(In(13,260)-10.123)'+(In(20,430)-10.123)"+(In(25,650)-10.123)"+
(tn(30,510)-10.123)"+(In(73,410)-10.123)°+(In(91,935)-10.123)"+
(In{106,860)-10.123)"+(In{145,890)- 10.123)"+(in(191,520)-10.123)")/ 12
=0.913

=+0.913

=0.956

fmed'
MMz nnfinnanniiFaie 94% 71800 sunsudurdy
5,639 w1 unuatasluaumsulasnives t lugluuyvesABN T AT TUTA (Natural
Logarithm) DANNINY
£ =In(5,639)
= 8.637

R(1) = l—¢{~%[ln%ﬂ

] [ 8.637
=]-¢ - —| In ——
2x10.1231 0956

=094
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v 4 ¥
wahn Tannnisdszuanaves Idsunsy seunsihyesnuudeiloaiui 1 o ass
AL UTHD 77.82% Lazm 1H910m1311395n11590 145,531 U wazihanudi iden

msiszuaanaves Isunsufmuaaluuwumaihyssnuge U

nadasunavsdldsunsumuanumIdnmHLaN

°gﬂmawﬁﬂwn1aﬁmm:mxunwnsméquﬂanﬂaau (Extruder)

foyatrananauiFonio (Time to Failure: TTF) Y09¥AHADITIANRINANLASY
muﬂ'saﬂsmﬁduﬂaﬂﬂaau (Extruder) ﬁmmfﬂmmwm%’agmmuﬂﬂa (Normal Distribution)
FanswnnmanensilanuiioniuTasiidiaeadouga (Least Square Method) A0
T3040 33 Minitab R14

Wa01n [USLNIW Minitab R14

- a“'mwmﬁ“ﬁwgma?iﬂ (1) 1 3.333

]
1 =

- TIUTCUVULIATFIUYDIN TR (o ) 1R 3.045
foyadiua IF01oveamsthssinyunde
1 Y ° ar PN ar
- a1y wihgeinuuiedlesiu cp) 18,378 um
- m lFnwihzeinunBwd lu (CH 573,313 1m

AMUIWIOUNITUIFISNYI | 1RDY
4

RM) =1 —¢Lf ?:"J

R(=1) - 1—¢(-"3'ﬂ‘3—3]

31.045
=1-0.221
=0.778

Cp
Cpu:n 3 (_
18378
Coony ==
= 18378 U
Cf“:” = (l-R(Hx=xCf

=(1-0.778)= 573,313

= 127,153



= Cpyy + Cloyy

“tota)

18,378+127,153

145,531 1

MUIUTOUNITIIFITAYI 2 1ABY

R() =1—¢s(-’ :’J

R(1=2) = l—¢[2—’3'333]

Cph—-I) =

Cp(l=2) =

=9,189 UM

Cf_, = (1- RU)xCf
= (1-0.669)x 573,313

= 189,639 UM

C = CPuyy + Clicyy

w1al

= 9,189 + 189,639

= 198,828 U

AUIUIOUNITUIITIY 3 1ADY

R =1—¢(’ ;'”]

3-3333
R(t=3)= 1 ¢ > 2277
(t=3) ¢[ 3.045 ]
= 1-0.456
= (.544
Cp
Cpieyy = i
18,378
CPyyy = S
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= 6,126 UM
Cfy = (- RUN=<CS
= (1-0.544)x 573,313

=261,693 UM

Clul:ﬂ = Cp(lf]j + C"f(lfl)
=6,126 +261,693

= 198,828 UV

Fuansoun1sgesny 4 wou

R =1- ¢[‘—;ﬁ]

4-3.333
R(=4) = | - ¢ —=227
(=4) ¢[ 3.045 J
= 1-0.586
=0414
Cp
Cp(l=3)= -
18,378
Cppny= ——
=4,594 U

Cly= (1= RUN < Cf
=(1-0414) x 573,313

= 336,359 UM

CIotal = Cp(lﬁl) + Cf(l=4)
=6,126 + 336,359

= 340,954 U
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R(t) =1- ¢[£-;ﬂ}

R - 14 5557
=1-0.707
=0.293

Cp

CPyesy = ==

18,378

CP(FS) = 5

=3,675 VN

Clgy = (1= RO xCf
=(1-0.293) x 573,313

= 405,886 UM

C = Cpysy + Clisy

wial

= 3,675+ 405,886

= 409,562

fMurmsoumsgasnu 6 fou

R =1 —¢(’_T‘”]

6—3.?_»33]
3.045

R(1=6) =1 —415(
= 1-0.810

=0.190

Cp

Cp(l'()l =
18,378

oy 6
=3,675UM

Cp

CE_. = (1= RO xCf

(=6}

=(1-0.190) x 573,313
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= 464,066 1N

Couwr — CPiy + Cf,

(1=6)

lotal

= 3,675 + 464,066

=467,130 1N

MUIUTOUNITLTITNYI 7 1HDU

R() =1 —¢[’ ;5]

7-3.333
R{=7Y= | —g| L2727
(=7) ¢[ 3.045 }
= 1-0.885
=0.115
C
Cpieyy = Tp
18,378
Cp(r=7)_ 7 -
= 2,625 UVIN

Chy = (1= RO Cf
=(1-0.115) x 573,313

=537,379 UM

G = Cp(:-—?} F Cf{|=7;
=72,625+ 3537379

= 539,676 UM

AIUIDBNITINFISNYT 8 1AD

R4 =1- ¢[5;"’]

8-3.333}
3.045

R(1=8) = 1—¢[

= |-(.937

={(.062

Cp

CPyasy = o



18,378

CPmsy 8

=2,297 UV
Cf, = (1= RO Cf

=(1-0.062} x 573,313

= 537,379 1N

Com =CPgy  Cliy
= 2297 + 537,379

= 539,676 UM

MUIUTBUNITIFATIYI 9 1hBY

R =1 —¢{’-:‘-J

9-3.333
R(t=9)=1- ==
) g{ 3.045 ]
= 1-0.969
=(0.031
Cp
Cpygy = 7
18,378
Cpn:g): _9_
= 2,042

Cf o= (1- RUNxCS
=(1-0.031) = 573313

= 555,330 U

Clolal = Cp(|=9) + Cf(r—m
=2,042 + 555,330

= 557,372 U

MUIMTOUNITINFITIH 10 thDY

R() =1 —¢[’:’-J
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R(1=10) = 1—¢| 02222
(=10) ¢[ 3.045 ]
=1-0.986
=0.014
Cp
Chimry = e
18,378
CPyry = 10
=1,837 UMW

Cly = (1= RO)Y*CS
=(1-0.014) x 573,313

= 565,125 U

Com = CPiergy * Clioin
=1 837 + 565,125

= 566,964 UTA

fuaseunTigainel 11 wou

R(H) =1- .gs{i_;‘-}

11-3.333
R{=11)=1-¢f ———
=1 5557
= 1-0.994
=0.006
Cp
Cppay = o
18,378
Chyny — X
= 1,670 UM%

Cf‘(mn) = (1= RN CS
=(1-0.006) x 573,313

= 569,928 1M
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wial = Cp(l=l|] + Cf(pm

= 1,672+ 569,928

= 571,600 U

AMUINTDUNITVIFITNYT 12 19U

R(D) =1—¢[’ ;ﬁ]

12-3.333
R(t=12)= 1 —-¢| —
( ) ¢[ 3.045 ]
= 1-0.998
=(.002
_Cp
CPu=12) T
18,378
CP{.—lz) = 12
= 1,532 4%

Cly = (1= RU)CS
= (1-0.002) x 573,313

= 572,045 U

C = Cpyy + Cf,

totsl (r=12)

= 1,532 + 572,045
= 573,577 11"
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FITNNIAKNUIN N-1 AIINOAVBINITNATOD Kolmogorov-Smimov Test @M VAN IWUNA

{(Normality)
- = . -
Simple size, a
- T o - |
n 0.02 0.15 0.01 0.05 0.01
4 0.300 0.319 0.352 0.381 0.417 J
5 0.285 0.299 0.315 0.337 | 0.405
== SE
6 0.265 0.277 0.294 * 0.319 0.364
— —— = - _r_ "
7 0.247 0.258 0.276 0.3 0.348
8 0.233 0.244 0.26] 0.285 0.331 |
| 9 0.223 0.233 0.249 0.271 0.311
10 0215 0.224 0.239 0.258 0.294
11 0.206 0.217 0.23 0.249 0.284
e — i} e -
12 0.199 0.212 0.223 0.242 0.275
13 0.19 0.202 0214 0.234 0.268
14 0.183 0.194 0.207 0.227 0.261
15 0.177 0.187 0.20] 0.22 0.257
16 0.173 0.182 0.195 0.213 0.25
SO N - I N L =
L 17 0.169 0.177 N 0.189 0.206 0.245
‘ 18 | 0.166 0.173 0.184 0.2 0.239
19 0.163 0.169 L 0.179 0.195 0.235
20 0.16 0.166 0.174 0.19 0.231
25 0.149 L 0.153 0.165 0.18 0.203 ]
30 0.131 0.136 0.144 0.166 ‘- 0.187
[ = _— e m I N ‘
0.736 0.805 0.886 [.031
o 013 B 4 o 1
Vvn v v Jn
1 f L = J




A1519NTANUIN N-2 A1INEAVDINITUINUIADH (F-distribution) 91 OL = 0.05
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Denominator Numerator degrees of freedom. Vi S B
degrees of
freedom, V2 1 2 3 4 5 [ 7 8 9 10 11
a 1 161 199 216 225 230 234 237 239 T 241 24-2” 243
2 18.51 |9‘ 19.16 19.25 19.3 1633 19.36 l 19.37 19.3_8 19.39 9.4 N
I 3 10.13 9.55 928 9.12 9.01 8.94 8.88 8.84 3.81 8.78 8.76
4 7.71 6.94 6.59 6.39 6.26 6.16 6.09 6.04 ) 5.96 5.9?
5 6.61 7 5.79 5.41 519 5.08 4.95 4.88 ;182 4.77 474 7 4.7
6 5.99 5.14 4.76 4.53 4.39 4.2; 4—2I g 4.15 F 4. 4.06 4.03
7 3.59 4.74 4.35 4.12 3.97 387 3719 373 3.68 363 3.6
8 3.32 4.46 4.07 3.84 3.69 3.58 35 344 139 3.34 331
9 5.12 4.26 3.86 3.63 3.48 337 3.29 3.23 3.18 3.13 3.1
10 4.96 4.1 3.71 348 333 322 i.14 3.07 3.02 2.97 2.94
1 4.84 3.98 3.59 3.36 3.2 3.0 3.01 2.95 2.9 2.86 2.82 J
12 4.75 3.86 349 3.26 341 3 2.91 2.85 2.8 2.76 2.72
13 4.67 3.8 3.41 3.18 3.03 2.92 2.83 2.1 1.71 2.67 2.63
14 4.6 3.74 334 3n 2.96 285 2.6 =4 | XA 2.6 2.56
15 4.54 368 3.29 3.06 29 2.79 2.7 2.64 259 2.55 2.51
16 - 4.49 3.63 3.24 3.01 285 2.1_ 2.66J 2.59 2.54 2.4U 245
17 4.45 3.59 32 2.96 2.8} 7 | 2.61 ( 2.55 2.5 2.45 2.4]
18 4.4] 3.55_ J.l6 2.93 2.1 2.66 2.58 2.51 » i 2.46 1.4l 237
19 438 3.52 3.3 2.9 2.74 2.63 2.54 2.4% 2.43 238 2.34
20 4.35 349 _3,1 2.87— 2.71 2.6 2.51 2.45 24 2.35 2.31
2l 432 3.47 3.07 2.84 268 | 257 2.49 2—.42 2.37 232 2.28
22 e 43 1.44 3.05i 2.82 - 2.66 2.55 i 2.46 2.4 2.35 23 226 I
—23 - 4.?3 342 303_ 71 72.-64 2 53 - 2.44 a 2.37 2.32 2:28 224
24-— _426 3.4 J.(Tl H . 2.62 2.51 242 _ 2.36 23 2.26 2.22
- 2; 4.24 3.38 2.99 ;ﬁ 26 I 2.49 24 2.34 2.28 2.24 2.2
26 422 337 2.98_ ?4 2.59 247 2.3§ 232 227 222 2.18
_ 27 42l 3.35 2.96 273 2‘5?- 2.46 2.37 2.31 2.25 P 2.16
28 4.2 3.Jd> 2.95 2.7 256 | 2.44 2.36 229 2.24 2.1% 213
—7‘9 N 4.18 333 2.93 27 2.54 2.43 235 2,23j 222 ;IH 2.14
— - + - —
30 417 3.32 2.92 2697i2§3_—| 243 233 227 2.21 2.16 21z |




7 .
AT TININAUIN N-3 LG (Gamma Function)
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L 5 Mo . | M
1.01 0.99433 1.26 ‘ 0.9044 B
1.02 0.98884 1.27 T 0.9025
1.03 0.98355 1.28 L 0.90072
1.04 0.97844 1.29 | 0.89904
1.05 0.9735 1.3 L 0.89747
1.06 0.96874 1.31 ! 0.896
- _ |
1.07 0.96415 1.32 T 0.89464
_ o =
| 1.08 [ 0.95973 1.33 | 0.89338
1.09 T 0.95546 1.34 0.89222
i1 0.95135 1.35 0.89115
h L1 0.9474 1.36 0.89018
1.12 0.94359 1.37 0.88931
(.13 0.93993 1.38 y 0.88854
H S
1.14 0.93642 | 1.39 B 0.88785
: [ i =
i 1.15 0.93304 T 1.4 ‘ 0.88726
1.16 0.9298 1.41 0.88676
1.17 0.9267 1.42 0.88636
Lig 0.92373 1.43 0.88604
_ e _ e _
1.19 0.92089 1.44 0.88581 |
12 0.91817 1.45 ' 0.88566
1.21 0.91558 .46 i 0.8856
| .22 091311 1.47 0.88563
— T T
ﬁ 1.23 0.91075 1.48 { 0.88575
1.24 0.90852 1.49 0.88595
I .
1.25 0.9064 1.5 | 0.88623
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= a d ¥ ° 9 ¥ oA A

gﬂzm‘umiﬂizmuw1‘5mma'smumﬁmgasﬂmmummmmaaa

YAV A WIOU (Chiller Unit)

ﬁwﬁ’aagaﬂhmmmmz?mwwmawﬂﬁwmm@u {Chiller Unit) 91AR15HNTAHUIN

o = a 3 ¥ v =1 .

¥-1 15 AATIZAMFULUUNSHIALTINDIBYAA I8N TINANT WA TTUU 91U (Probability
Plotting) #3011/511n 5% Minitab 14 A20WATY Stat > Reliability/Survival > Distribution
Analysis (Right Censoring) > Distribution 1D Plot HaZM¥UANITHINLDILIUY Weibull,

Exponential, Normal, Log-Normal #a% JAE@AIAIMNANIARUIN -]

= ' = o 5 . .
ATTNN V-1 ﬂ?’agammmmmmww (Time to Failure: TTF) ¥99%@A11A 110U (Chiller Unit)

U0YaYINIAIA AN (Time to Failure: TTF) ?
L ,
6,970
7,500
e e
11,520
4 13,260
5 20,430
6 25,650
7 30,510
8 73,410
B 9 91,935
10 { 106,860
([ j 145,890
TR — g N - — e e ]
| 12 191,520
=] ]




Werull

Percent

Chiller

Exponential

Percent

Probability Plot for Chiller

LSXY Estimates-Complete Data

I 10000 100000

b

1000 10000 100000
Chiller

1000000

Percent

Percent

L nal
" e Weibuil
f‘ EVa wu;v.gss1
Normnaf
%) 0.976
) | Exponential
50 | .
romal
0920
10 y L =
o
= e
1000 10000 100000 1000000
Chiller

Nomnal

200000

" 100000
Chiller

e —
-100000 Q

| Comelation C oeffioent ]

a o
AWNIANLIN V-1 N13N52DI0VBITBYAUIFAYIANUEY (Chiller Unit)
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#a# 18910 T AU Minitab 14 30 MMIANLIN -1 WU T1UIUTDYATIIIM

= ° =1 = ' o
AINUTYIYVDIYANTIA T Chiller Unit llﬂ75ﬂ5$§J']UEIQUHL'&JU%@ﬂﬂTSLL%ﬂLL%MLUUﬁ@ﬂ

o . . . S o ) a & a o = (Y
A& (Lognormal Distribution) iWusuumnuaziiaduilsyansanduiusuiniigaviiy

& ' ' = © o i L= = w
0.976 FaTAST VOYATINIAINNWF M IWYDIFANIAIIMTU(Chiller Unit) Tnuainy
g = & o o =

A3UNILLLADAUAG (Lognormal Distribution) tWeduguna laviin1sunszizluuy
St 3 o
msuanuaalag1¥ITMINAaBULLY Kolmogorov-Smimov Test iiinannifunisnaaeaulu

g o . . . =¥ o = W &
JUuUUNISLENUIUVABNUNA (Lognormal Distribution) laulvunounsAniiumyasi

1. MruATuLAgIY

' =t o o . .
HO: ﬁ?@ga‘ﬁ NI NIV VDITAN IO ITUTU (Chiller Unit) Lﬂuﬂ’]ﬂmﬂlmquﬂu

=1 = . . .
aonung (Lognormal Distribution)

1 =t a < (=1
H1: 40109 2981A T UMYy AIAEY (Chiller Unit) Tiilumsionuasuy

5‘aﬂﬂﬂ$i (Lognommal Distribution)}

2. MvuaszaivdIfY o =0.05

3. AN 0AN 19 1uN1SNATB DAY AU INYIA DDA [MATDY 1aLn

nad’ ar ' 1 [=9 o 1
Kolmogorov-Smirnov Test UAZDINADAN FNATOUAINA A INITONIAINITIADTA L q

AR5 190 IAELIN U-2
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A ) - s .
MIVNTIANUIN V-2 MIATUINAIWITINRD 9] Kolmogorov-Smimov Test 11.!ﬂ']'§1’]ﬂﬂ@‘1.|

“ngJ'E) ﬁ‘b”NL’Jﬁ"I‘FYJ']iJLﬂEJ?ﬂEJ"‘IJEN‘]WWH‘FHTNLUU {Chiller Unit)

r [ o ANNUIY [,_1] _L
;  med Wuazaw
i 1+ 1140 7.038784 B 0.04] 0.000 0.083 [ 0.041
&p 2430 L 7.795647 0.138 0.083 :).167 ] (;05; |
3 2580 7.855545 0.149 0;—6?/@ 0250 | -0.017
4 3120 8.045588 0.190 ~__—0.;50 0333 l -0.060
F 6970 8.849371 0.422 0.333 T 0417 0 089
6 75007 8.922658 0.447 0417 0.500 0.030 | 0.053
7 11520 9.35184 0.591 0.500 0..553 0091 | 0.008 |
8 13260 9.492507 0.637 0.583 _L0.667 0.054 | 0.030
9 20430 9.92476 0.764 0.667 0.750 i 0.097~ 0.014
10 | 25650 10.1523 0.819 0.750 0.833- 0.069 | 0015
Y 30510 10.32581 0.855 0833 | 0917 0.022 | 0.062
12 L 73410 miossz 0.964 pOfLTL 1.(_3(_)?- 0.048 | 0.036 1
Faiu maxD1 = 0.097 10 maxD2 = 0.143
LWﬂzﬂx‘li’u ‘Kolmogorov-Smimov Test = 0.156
4. MIUTIMINGA
81 Dn< D, NINATOUANUAFINIZUBNSY HO uat Dn > D, n1snaasy

UURFINIZLOWSY HI M1 51an 1519 Kolmogorov-Smimov Test N1 @@ = 0.05 1z n=12

(m5190199U30 n-1) 18 D0.05 =0.242 a5Unatfioaan DI=0.156 < D

critieal

¥
=0.242 INT1EREUU

= aQ/r é 1 1= . < 1
MSPATBLTNNATILIZUOUTY HO Fanssiondtud luiimgranvzdfiasdeyasiaa

= o < 3 ) [~ o oy
ANUAUMIBYBIATIIA DN (Chiller Unit) iJUN1510N003UU1UADNUNA (Lognormal

Distribution)
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= = < 9 o o 9 1 T o
stupumsyszdivmnsidiinasmumsingeSnummumlsnemmunzay

A5 MNIPRUIN ¥-3 AIMDVRINIELMIBIDITINUTENOUNEI91NNITHINIS U395 NE

@3 0anu

;4_ fmmémaqmslﬁumﬂmaﬁmﬂﬁ::nam&ffamnnnﬁmﬁEﬁnmn%agﬂmﬁu(ﬂ%’a) |
. Extruder | Blender | IBC Airing | Bubble cage | Haul-Ofi | Corona | Winder
1 | 0 0 0 1 0 !

2 0 i 2 0 2 0 2
3 1 0 0 G ¢ 0 2
4 0 | 0 l 0 l I
5 0 0 0 0 2 1 0
6 l 0 1 0 0 0 0
7 0 i 0 0 0 0 ]
8 0 0 1 0 0 0 1
9 0 0 1 2 0 1 !
10 0 0 0 0 0 0 |
11 0 2 0 1 0 0 0
12 0 ] 0 1 l 1 0

‘Ijﬂizlﬁﬂﬁ’ﬂﬁu {Corona)

ihdoyanudueinisiFonivuosyaisdafIiay (Corona) wd19Inmsthysfny
Fadloarn 91015 NAIARNIN U-3 TIN5 UATIZHMIFULUUNSLINUIYBITBYRR N1 119
n3 WAL 9 (Probability Plotting) #2019/51050 Minitab 14 A20Wan9y Stat >
Reliability/ Survival > Distribution Analysis (Right Censoring) > Parametric Distribution
Analysis 1A2AYUANITLANLI LY MILINLDATI1aA (Weibull Distribution) N15LANLIURY
Shd (Exponential Distribution) M343N1241/0& (Normal Distribution) {azNI3HENLED

o = . . a o =
ﬁﬁ)ﬂﬂﬂﬂ (Lognormal Distribution) Naﬂﬁ’mmwmﬂwmﬂ Y-2 03 DNITWATIRKHUIN V-5
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o . . .
mswnmmqu,uuhhuaa (Weibull Distribution)

Probability Plot for Week
Weibull - 95% C1
Complete Data - LSXY Estmates

Tabk of ':_Lahsu‘s—l

Shape 561733
Scale 20.9502 |
HMean 19.3643
SiDev 3.58685
Median 19.6169
| 1QR 5.42174
Faure 9
'E Censar ol
& ADS 2845 J
b i pmelabion 0955
@ ddacoad =
[+ 8

|

P a o i . .
AMAIANLIN U2 UaRIHER 189 NS IURTIzHMsnanue Y 1hyad (Weibull Distribution)

3
L

A5 ALTUIYULIAYTAIRY (Exponential Distribution)

Probability Plot for Week
Nermal - 95% CI
Complete Data - LSXY Estimates

Percent

Week

Tabhe of Suatsbes |
Mean 19.5 | |
Stoev 4.23259
Median

IQR
Failure
Censar

AD®

 pretation

195
570968
‘|

0
271
Q971 |

P o o g
NMANIRRUIN U-3 Nﬁ?’l‘lﬁ,%Tﬂﬂ'l‘i']kﬂ'5'13'}‘Iﬂ'1511.ﬁ]ﬂuﬂQLL”IJUL?I‘U"ﬁﬂ’]ﬁ

(Exponential Distribution)



TNV UNE (Normal Distribution}
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Probability Plot for Week
Exponential - 95% CI
Complete Data - LSXY Estimates

[ J— — — o

Percent
-
[=3
7

_—

100.0

Week

Table of S1ausics l
Mean 16.5117 |
‘ SiDev  16.5117
Median 11 4450
iQR 18 1400

Fadure 4
Censar 0!
| ap* 4.089 J

a:’ = a =N
MANTARUIN V-4 Naw"lﬁ’ﬂmnwmmswwnmmﬂmumuﬂnﬂ {(Normal Distribution)

nmmmmﬁaﬂﬂﬂﬁ (Lognormal Distribution)

Probability Plot for Week
Lognormal - 95% CI
Complete Data - LSXY Estimates
[ - p— === ST — s - s
937 {
w ]
m B
£ o
E 0
v %
g ©
304
20
10
5 //
l‘_l“/ = o T " —T T T
5 7 8 10 L5 20 30 4 50 6
Week

(V=4 2.55709
Scale 0.215668
Hean 19.6%47
| S1Dev 4.29740
Median 19.2420
QR 5.61787
Failure q
Censor 1]
AD" 2.790
| Comtiaton __o.974

' Tabie of Statistica

a a a o o
AMATAHLIN V-5 WHAT IRDINAITUATIZHMTUINUIIANUNA (Lognormal Distribution)
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MINsseumeun AD* ¥oamsuanuasuanegluy

A5 19MIARNLIN ¥-4 NS HURuUR1 AD*

Weibull | Exponential Normal] Lognormal

FasziliafIAay (Corona) 2.845T 2.791 ) 4.089 2.790
VG | | - |

VINAIINNIAKUIN -4 WU TIWIUTDYAFINIAINNMTUN WU IYATLIT AR

WAw (Corona) Tifi1 AD* LA pugammInL 2.790 Fauanadn Toya%29n01nuFeM0uDIYe
a a o = = a . R . 3 ar a
szlARIN AN (Corona) UN15L9NLIALUABNUNA (Lognormal Distribution) 1NesuduNa 1A¥
a o Yot . o o
M3 aReRgduuumsuanuadlag 153519 magaULUY Kolmogorov-Smimov o s1nily
=1 = a g’r
nisnageuTuuuuNITLINLLINUUEDNING (Lognormal Distribution) laulaumau
b

MIANIUMIAIY

1. fMMuaguuAgIu

1 = = a = o

HO: YoyaraInNuiensvesyaszindINan (Corona) WUMILINLALUY

donlnA {Lognormal Distribution)
' =3 = oA &y o (-

H1: foyarianannudonievesymsziedafay (Corona) luflumsuanuas
tLUUﬁ@ﬂﬂ n@ (Lognormal Distribution)

2. MyuaszAUdEEAY a =0.05

= ar QAA:I -] T c:;aa:; kY Y t
3. HONAITDAN 1 UM I NATOULAZA UMMM ATAR |FNATOU 1o
aaA:’ s 1 1 =Y @

Kolmogorov-Smitnov Test LA INADAN MMATOUAINATITINITAMIAHINTADI A 9 18

AINITNNIANUIN U-5 A9
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L] ' ) o i
MTINMARNUIN U-5 NITATHIUATWITIUADTIVDN Kolmogorov-Smimov Test Tumsnaaou

[} = = A ey
Foyarannnudvmeveayniziiai WAy (Corona)

( mmnhezdlu | (1) ¢
i t' L” — —— = H D D
l!m'eu’ iTSET‘&.I H " I :
I 151260 -0.283 0.122 0.000 I 0.250 0.122 0.128
2 181010 -0.104 0.335 0.250 0.500 0.085 0.165
3 202060 0.006 0.510 0.500 0.750 0.010 0.240
4 293760 0.38) 0.941 0.750 1.000 0.191 0.059

A4UY maxD]1 = 0.191 1182 maxD2 = 0.240

¥
WIITRTHUN Kolmogorov-Smimov Test = 0.240

4. MIUTWMINGR

1 Dn< D, NMINATOUANUAFINIZUINTD HO USd1 Dn > D, NSNATOU

criucal

ANNATIMIT LRI H1 ¥n191laa1319 Kolmogorov-Smimov Test 91 @ = 0.05 1A% n=4

(M31MARUIN N 1) 14 D0.05 = 0.381 #wa 1589990 D2=0.240 <D_, =038l

W5 Rzl MsnATeUALLATINITUEY HO Femuruainui Tufimarafiazyfiasdoya
FIAIANUFIHIVVDIYATHITARIWEN (Corona) 1 UNITHINLDIVVABNUNG (Lognormal
Distribution)
AUNAIAIIHINTIEY (Hual OFf)
ihdoyanuiuesmsiFumovesgeindon NSy (Hual Off) wa191nn1s

a @ =

yesnyuFatleaiu 9nms1enanuIn -3 ms s emngUuuunisuanussvestoya
F10m311an5 ALz (Probabitity Plotting) #9011/ 56n 51 Minitab 14 War44 Stat >
Reliability/ Survival > Distribution Analysis (Right Censoring) > Parametric Distribution
Analysis M 3fmuan1sianusauy layasd (Weibull Distribution) SN ARV IEY
(Exponential Distribution) A1509N991UNA {Normal Distribution) uazmmﬂﬂmsﬁaﬂﬂna

(Lognormal Distribution) Ha? 1a#anIWAAHLIA 4-6 D13 NINAIANUIN 4-9
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NI5uNLRLLY 11Yad (Weibull Distribution)

Probability Plot for Week
Weibull - 95% CI
Compiete Data - LSXY Estimates
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AWANHUIN V-6 LAAIHAT TATINNITAATIZHNITUNEaD Y 19Yad (Weibull Distribution)

¥
15BNV EN DY (Exponential Distribution)

Probability Plot for Week
Normal - 95% CI
Complete Data - LSXY Esbmates
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150N UUNA (Normal Distribution)

Probability Plot for Week
Exponential - 95% CI
Complete Data - LSXY Estimates

Table of Stapstc,
| | Mesn  8.86683
Sthev  B.86633
Meian 614602
| |i1QR 974121 l
Failzre y
Censor o, |
lap: 1.81% |

Percent

1
100.0
Week

o a 4 a L .
NTWAANT IO -8 LLﬁﬂaWﬂ“qﬁ%‘]ﬂﬂ’]iqlﬂ313”ﬂ73“%ﬂ“ﬂQHUUﬂﬂﬂ (Normal Distribution)

=1 a . . .
N1540N18900NUNA (Lognormal Distribution)

Probability Plot for Week
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Complete Data - LSXY Estimates
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MnafFoumonsl AD* aedmsuanusauaaz LYY AR5 19NIANLIN A-6

FTNAIAHUIN U-6 LL’ETGNﬂ']SDEUULﬁU‘Uﬂl’l AD*

Weibull ‘ Exponential | Normal Lognormal }

| ’
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L= e = Sy . 1 P

INAITMARLIN -6 WD $TUIUTDYAYINIAIANWTINIGIBIYA Haul-OFF
fif AD* fiAdoegariiy 1.817 Fwaasn Joyas19a1n e 0veA Haul-Off T
o = L A A ¥ oo a ¢
LINLAAUABNUNA (Lognormal Distribution) iN0UUGUNA ”l,ﬂmm‘mmwwgﬂamu
ot . Py &
mMsuanuas I 1555 NATaUNLY Kolmogorov-Smirmov tHaaviniumsvaeuiugiluuy
=1 = 2= ?; o o o .:?
MSHINLAUIDVADAYNA (Lognormal Distribution) IaNUUADUAITAUHUAITAIT
. MAUATHUAFIN
1 = d’ o o P~
HO: YoyamIUIIANUAIMIBVBIYPNTEANU NIV AN (Hual OFf) 1IUN1511901104
[ = . . .
wuUfonydna (Lognormal Distribution)
1 = a =y o [~ 1
HI: Y9303 101N UMFe0veIgan auaNUnUIHGY (Hual off) Tuidfunisuen
=3 = -
LAULULADNNA (Lognormal Distribution)
2. MAUATEAUNIAIAY o = 0.05
& ar aaa bl o 1 aaa 8/ L
3. 10NMIENAT 1 UM NAAD VLA IUINTIAADAN IFnAa laun
. aoa ar u 1 = g
Kolmogorov-Smimov Test LAZMNADAN 1FNATOUAINAIITITOHIATWITILADIAI 9 19
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o \ a s .
ATWNIAMUIN V-7 MTATUIUATHITUAD IV Kolmogorov-Smimov Test Tunisnaaou

¥

DY IWINNNVFIN YD A Haul-Off

S — , = = S
‘ mmumzs"ﬂﬂ (i—1) |
i f Ln—— D, D,
medd [s A ¢ Y n H
I _JF o - : o
1 4350 2280 | 0045 0.000 | 0.125 | 0045 | 0.080
2 12560 -1.220 0.182 0.125 | 0250 | 0057 | 0.068
S
o 16230 -0.964 0.237 0250 | 0375 | -0.013 | 0.138
4 43660 0.026 0.508 0375 | 0500 | 0.133 | -0.008
-
)
5 44175 0.038 0.511 0.500 | 0625 | 0011 | 0.114
Ll
6 111900 0.967 0.764 0625 | 0.750 | 0.139 | -0.014
7 227625 1.677 0.894 0750 | 0875 | 0.144 | -0.019
8 246180 1.756 0.904 0.875j[ 1.000 | 0029 | 0.096
L I
19171 maxD1 = 0.144 118z maxD2 = 0.138
¥
RO EANEY Kolmogorov-Smirnov Test = 0.144
4. MUINWANGA
81Dn<D___ MINAXBUaNNATINIZuou5y HO UAG1 Dn> D__ MINAADL

critical

crincal

AUNATIUIZOOUTY Hi ¥IN1510aA1319 Kolmogorov-Smimov Test 1 @ = 0.05 A% n=8

($15190VAKWIN 0 1) 18 D0.0S = 0.285 a31lwa 11193317 D1=0.269 < D

cncal

=0.144
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151MA2W19218 (Probability Plotting) @28 1154n51 Minitab 14 Waday Stat > Reliability/

Survival > Distribution Analysis (Right Censoring) > Parametric Distribution Analysis WIng

o . & o w .
Huﬂﬂmmﬂuwmﬂmaa (Weibull Distribution) MIUINHIUDUTAIAI (Exponential
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= o F=N
Distribution) N15490L3UNA (Normal Distribution) LAZNTITLUINLLDY aonlna (Lognormal

= @ =
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o
M1518n099UD 11yad (Weibull Distribution)

Probability Plot for Winder
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Probability Plot for Winder
Exponential - 95% C1
Complete Data - LSXY Estimates
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Probability Plot for Winder
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=] = . . .
A5uNuIeAonUnd (Lognormal Distribution)

Probability Plot for Winder
Lognormal - 95% CI
Complete Data - LSXY Estimates
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. a1 =1 =]
HO: Yoy as19a1anudumoueaaun iy (Winder) iTumMsuanuauy
< = . . -
aenung (Lognormal Distribution)
1 - =3 -
H1: 19305290219 NF M0V e U 21 (Winder) Tt un1suanud
o & . . .
asnuna (Lognormal Distribution)
2. Mwuasyaulyd Ay a =0.05
3. 1 B0NAIANAN 1T IUMSNATOULAZMUIUWIAFDAN IINATDU (AL
o ea ar v 1 o a0
Kolmogorov-Smirnov Test LAZRINADAN IINATDUFINAIAINTAHIAMWISILADIA1T 4 18

SN TINIAKNUIN V-9

e ' & o .
AT NNIARUIN V-9 ATATHIUAIWITINRND TYDI Kolmogorov-Smirmov Test lumsneaoy

[ a =3
Yo AE 9N IA MRV YNNI (Winder)

i anuhazily 1 (;_J)T ;
i 3 Ln-- - - D D,
tmu(.f arau n n I
L _ — ——
1 5880 1.915 0.017 0.000 0.067 v 0.05&
2 {2930 2127 0.105 0.067 0.133 0.038 | 0.028
3 14970 -0.980 0.138 0.133 0.200 0.004 | 0.062
4 21060 -0.639 0.239 0.200 0.267 0.039 | 0.028
5 28710 -0.329 0.357 0.267 0.333 0.090 | -0.024
|
& 34680 -0.140 0.438 0.333 0.400 0.105 -0.0384
7 40875 0.024 0.511 0.400 J 0.467 0.111 | -0.044
8 41790 0.046 0.521 0.467 0.533 0.054 | 0.013
9 44370 0.106 0.547 | 0533 0.600 0.014 | 0.053
— — L A L N S —— | P |
10 50430 0.234 0.603 0.600 0.667 0.003 | 0.064
LB . SRR L il -
11 67860 0.531 0.723 0.667 0.733 0.056 | 0.011
il |
12 80455 0.701 0.782 0.733 0.800 0.049 | 0018 |
13 81960 0.720 0.788 0800 | 0867 | -0012 | 0078
14 96750 0.886 0.838 0.867 0.933 | -0.029 | 0.096
15 262090 1.882 0.982 0.933 1.000 0.049 | 0.018 B
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¥
e

AU maxD1 = 0.111 1dg maxD2 = 0.096
W IERTUU Kolmogorov-Smirnov Test =0.111
4. MIUTHUINGA

§1Dn< D, MINATOUAUNAFTINIZYONTY HO uAD1 Dn > D, N1sNATDY

critical
AUUATIUIZEIUTU H1 MIN1310ARI519 Kolmogorov-Smimov Test 1 @@ = 0.05 1A% n=8
(M319NIARLIN N-1) 18 D0.03 = 0.220 BjUmaIlipea N DI=0.111 <D_,_, = 0.220

WS 1ERZUY MSNATBUAVLAFINIZEDUTY HO Fariwionnud lulmeraiozUfiosdoya

1 E) = =~ = =
PFIUIMANWTONIBVDYAUAUN I (Winder) Wun15uanuvanyuaonind (Lognormal
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