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Abstract

According to paper packaging factory, the researcher found that the most frequency
problem is Scrumming; it is caused by unsuitable paramecter sctting. This study uses Design and
Analysis of Experiment for finding optimurm paramewer for printing on package paper to reduce
scrumming defect feature. Fractional Factorial Design (2&') was using for screcning factors. It was
determined that there are 6 factors that may cause scrumming: the speed of printing 6,300-6,500
pages per hour, alcohol 5%-15%, line of roller 4-6 cm., value of fountain solution pH 4.5-5.5,
temperature of fountain sotution 10-16 degree Celsius and pressure between water roller and plate
4-6 mm, The results of this experiment show that the speed of printing and fountain selution
temperature. The 2 significant factors arc then investigated further using 3” Factorial Design and
Response Surface Methodology in order to find the optimal factor values. The analytical results
indicate that the factor values for minimizing the scrumming feature defects are found to be at
speed of printing (A) = 6,300 pages per hour, and temperature of fountain solution (B) = 15.6
degree Celsius.

Using optimum parameters to the real process in a paper packaging factory shows that the
scrumming feature defect were reduced by 76.49%. This resulted in a reduction costs from
293,603.16 baht per year down to 69,020.64 baht per year, for a net saving of 224,582.52 baht per
year,

(Total 139 pages)

Keywords : Design and Analysis of Experiment, Printing Process, Offset Printing
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- = ¢ w ag W 4 Y oaas w2 s A
iWosninmsiimeinann 1S lunisdnuuiiosduiita 6 #2 Sedeaiinismansananses
led (Screening Factor) #iddgy udrSahiledodin (Vital Few) 7114 114 lun1sdnun
¥ [
Juazidonnn lUmnsmiinisesnuyunIsnaaeuL 2°  Factorial Design iWonipailedy
@ 1 ] o 2 ar o o 5 o
danan i ldaunldeminensesnatlumshnismases duiu 4iseta 1didon1dms
BENLUUMISNABDILUY IAYAIUVOUNANDITUA (Factional Factorial Design : 2%) tloil
= o’ : g = L4 1 = v o4 o &
WISWMeINITU 6 M5TmeT uazuwazmsiimes i 2 szay deez 1dmsnaanuiiu
wuu 2”7 Factorial Design 111n1588n1Buia VI (Resolution VI Design) jiuuuves (Zf,,")
» »
9214 Design Generators ib F = + ABCDE {41W7UA53909713MA003 (Runs) (N1AY 32 As9
9109157197 3-2 1RuaAINMANTAYDY Factional Factorial Design ilguaiia (Alias) v09

uanzilede Avzdosinsananigiu

M91an 32 uamannuduiusilarinmssenuuuFauraneisa 2 (k < 15, n < 64)

26", 172 fraction of 6 factors in 32 runs Resolution VI
Design Generators
F = ABCDE
Defining relation: 1= ABCEF
Aliases
Each main effect is aliased with a single 5-factor interaction.

Each 2-factor interaction is aliased with a single 4-factor interaction.

ABC =DEF ACE =BDF
ABD = CEF ACF =BDE
ABE =CDF ADE =BCF
ABF = CDE ADF =BCE
ACD =BEF AEF = BCD

2 blocks of 16: ABF = CDE 4 blocks of 8: BC
ABF =CDE
ACF =BDE
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f1061991a2 1,000 URY A31U F9dee 1FNuRUAN T 160,000 Fu szviu1dmsennuuy
A1SNABDILVY Factional Factorial Design 92330 1¥i51)sendanauazFuaunaanaldng
4 4 4 ; v . ) , o
A3anile Fannideuludana vinsinisnaasauuY Full Factorial Design 92AD33S1W2U
» v ¥

A5IUDINITNAND (Runs) M7 64 A9 azAss 1FFununaaeuiusuiuds 320,000 unu

v il o
Fmsunsnaans 5 1 mlvdsuFonamazmiFnodudmumnn

3.3 msdsiumInaasalagly 2°° Factorial Design
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33.1.1 asv5unsemuanluasivaounounuw
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I 3-2 HAAINITRIANINAEDINIAT DIRUW

» "
3.3.1.4 SAATUUAI001 SN LT FI000T nioinusaeg Adeeld
332 Pounszaudnsos
- > v sd o 7 o v (X @ 2
3.3.3 @Isuiazaswaauam WssiuaALeanddnd N 5-15% wazaininlnun
pH 4.5-5.5
4 H o aw
334 a5799ms madsuvenihlusnhiiauga
o o o at = o = =
3.3.5 dadeud lumsnursmuanyazvosnulauinlusiamiin
33.6 A5ABUMSNNIUTSUURUW 05U
3.3.7 95 0UNTEANTULAZWIAN
33.8 ATADURUAHNSZAMIHAsoATUMKAR TAnTe T
1) ¥ 3
TUADUMIAUATDY
1 - 4 Ada e o 4
339  lauununauaniadeul’
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33.10 AIUUIANTEZANRAUTUATEZAY
¥ v
3.3.11 A99UIANSZATEN Feeder
¥
3.3.12 antmanszayIimugay
3.3.13 SamuNILLaZARNA
P do ¥ ¥ Y o
33.14 AsgUnsaifudiou nindre waze Ilanu szozmsiy
12
33.15 AT0ADUUTINANUNIASAINUAIUIMINZ AL
¥
3.3.16 A9RIN (Register Mark)
¥ v
3.3.17 qaad Tavldamea Bdmsuaum
33.18 ARz
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» 1 4 ¥ ¥ [
MSIAAIAUNIINAADY (Run) A9l B 1ATRAAUMINARBUILUGY (Random) V1411 1199970
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A13197 3-3 LUAAIATIDI1INTOBALLUMINARDINUY 2 Factorial 13) Design Generators

F = ABCDE lasfmuald
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¥
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C"I'Iﬂdﬁ 3-3 UEAAHIBUINNITOBNLUUMINAADILUY 2*7 Factorial

Number of Function Number of Design
Factors, k Runs Generators
5 27 16 E =+ ABCD
257 8 D=+AB
E=+AC
6 28} 32 F = + ABCDE
207 16 E=+ ABC
F=+BCD
28+ 8 D=+AB
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: e ¥ < .
1911991a010A 15197133 109AUMDUNIINAADIULY 27 Factorial, Resolution VI

& a o P
(28" @33 32 Number of Run 118z Design Generators £ = + ABCDE 9% 1473115199 3-4

A193147 34 LAAIMIODNUULNTINAADILY 25" Factorial

Basic Design
Run
A B C D E F=+ABCDE

- | + + + + + +
2 - + + + + -

3 + - + + +
4 - - + + + +

D + + - - +
6 - + - - + +
7 + - + + +

8 - - + +
9 + + + - 1 -
10 - + + - + +
11 + - + + +
12 - + - + -
13 + b - + +
14 - + - - + -
15 + - - - + .
16 - - - . + +
17 + + + + - -
18 - + + M - +
v + - + + +
20 - + * - -
21 + + + . +
22 - + - + -
23 + - + -
24 - - - + - +
25 + + + - - +
26 - + T - . .

27 + - + - -
28 - + - - +
29 + + - - - -
30 - + - - - +
3l + : - - - *
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Run Speed Alcohol Line pH Value Temp Pressure Defect
1 - z 4 5 ) -
2 + - - - -
3 - + - - - +
4 + + - - -
5 - - + - - -
6 + - + - -
7 - + + - -
8 + + + - +
9 3 - - + - +
10 + . - + - g
11 - + . + =
12 + + - + - +
13 2 = + + 2 2
14 + - + + - +
15 - + + - -
16 + # + + 2
17 ¥ - - = + +
18 + - - - + -
19 ) + - - + 2
20 + + - - + +
21 - + - + -
22 + - + - + +
23 s + + - + +
24 + + + - + -
25 - = + + -
26 + - + - +
27 + + + +
28 + + + + -
29 - - + + + +
30 + - + + + -
31 - - + + + -
32 + + + 2 + +
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pH Aver,
Speed | Alcohol | Line Temp | Pressure | Defl Def2 Def 3 Def 4 Def §
Value Def
6300 5 7 4 45 10 4 3 74 l 0 1 1.4
6500 5 4 4.5 10 6 15 9 10 7 8 9.8
6300 15 4 4.5 10 6 | 2 3 0 | 1.4
6500 15 4 4.5 10 4 9 17 9 10 9 10.8
6300 5 6 4.5 10 6 1 0 0 1 ] 0.4
6500 5 6 4.5 10 4 6 15 12 10 7 10.0
6300 15 6 4.5 10 4 1 2 1 0 0 0.8
6500 1S 6 4.5 10 6 15 10 8 13 11 1.4
6300 5 4 5.5 10 6 2 0 0 1 0 0.6
6500 5 4 5.5 10 4 16 14 10 9 9 11.6
6300 15 4 55 10 4 1 2 0 0 4 1.4
6500 15 4 5.5 10 6 14 17 8 15 11 13.0
6300 5 6 5.5 10 4 I l 0 3 0 1.0
6500 5 6 55 10 6 9 11 13 7 12 10.4
6300 15 6 55 10 6 0 0 2 kS 2 1.6
6500 15 6 55 10 4 13 10 7 12 18 12.0
6300 5 4 4.5 16 6 7 9 3 5 2 52
6500 5 4 4.5 16 4 8 9 10 5 10 8.4
6300 15 4 4.5 16 4 0 0 | 0 0 02
6500 15 4 4.5 16 6 10 13 8 11 9 10.2
6300 5 6 4.5 16 4 1 2 0 0 1 0.8
6500 5 6 45 16 6 3 2 7 8 6 52
6300 15 6 4.5 16 6 0 0 0 0 0 0.0
6500 15 6 4.5 16 E 12 8 5 11 9 9.0
6300 5 4 35 16 4 2 0 1 2 2 1.4
6500 5 4 5.5 16 6 6 5 2 7 8 5.6
6300 15 4 5.5 16 6 1 0 0 1 0 04
6500 15 4 555 16 4 7 11 5 8 9 8.0
6300 5 é 55 16 6 1 1 0 2 ) 1.0
6500 5 6 5.5 16 4 11 8 4 17 12 10.4
6300 15 6 5.5 16 4 0 1 0 1 1 0.6
6500 15 6 5.5 16 6 5 7 6 - 10 6.4
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3.7 M3ATIVTIUAINGNABIVEIILUVNITNABES (Model Adequacy Checking)
msinszineadadsmnss el 1&nansnanes unzdeaglainmsnaasan
18 Tasmsimneranundsdsiu uaganranisduiiunsnaasauuy 2% Factorial 1d018y
T1J51n 53 Minitab Version 13 1nmsiinsizsinanisnaassiail
3:7.1 msmwﬁ‘amngﬂﬁ’awmgﬂsmum‘mﬂam (Model Adequacy Checking) iy
N1IATIVABUANUIMINE AUHAZANUYNADIVEToYT IR NI nAnDs Fallanudgiud
iy veamdIAni Residuals) 71180 ndoyalunisnanss deadiulaundnms
£y ~ NID(O,J”') &0 Residuals Tn1suanuasnund uaziudaszdraunaslndides o
oz o TN (Stability) Sz lidorannnismanesiinnugndeainzidetiold ms
ATINTBY £, 1 4 Funou wamsasavaeunih il idamdemuuagnuaaslgselui
3.7.1.1 NMIATIVADUNIINTLIIWAVLUNA (Normal Distribution) U3 Residuals
PINMSANITHINIINTZIILYIA Residual Fa1Fnsnadoumsianueaunuind (NoPP) Tunm

13-5 WUIIAT  Residual 013032000 UIUAFUATY HAZIINNIWA 3-6 WU Fa InTunsy

(Histogram) Y84f1 Residual finsnszawduiiuginswunlnd virliszana 1891 Residuals §

msusnusuulng
Normal Probability Plot of the Residuals
(resparse is Rey)
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MNA 3-5 UARINITNIEDIWNDUUNAVDIAT Residual
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uHUNINSNTZI0 910 MH 3-7 e IsaIMsnszesvestoyaunLHLYE wuIINTs

N52110AI904 Residual  D3vuvvnidludasy Tuigduuuhuiueu wieluawisoiszuna

Hstogram of the Residuals
(response is Reg)
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NN 3-6 LAAITA INTUATUMINIZVIWADVUNAUDIAT Residual

3.7.1.2 MsaseasuaNnuiudase (Independent) ¥93A1 Residual JETITCRETTATET
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mwﬁ 3-7 LAAINITNTLIWAIVDI Residual (INOUAY Observation Order




67

3.7.1.3 MSATINAOUAUNTVYDY Residuals TAUHITUIINUNUYTNITNTEIUIN

= P & = 1 . =4 w o = L4
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Resduzals VersusLine
[response is Rej)
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Residuals Versus Temp
{response is Rep)
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Resduals Versus Pressure
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3.7.1.4 MSATINADUANNANYIVD o (Variance Stability) TasWa15 il
M35z 1NN 3-14 FaiuurugBnisns£010¥0m1 Residual (Rou Fitted Value
WU o2 49971 Residual Hanadosogluszduiimely uas luwuhgduuumsnszae
#1903 Residuals i wdnuaziuunsivatudla niogiluuudrTng (outward-opening funnel

or megaphone) LABH13 1A

Residuals Versus the Fitted Values
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3.8 msuanzranusdsin

A3 3-7 uaAIRans IR IsHANNNYsUsIuYeINIINAADY

Fractional Factorial Fit: Def versus Speed, Alcohol, ...

Estimated Effects and Coefficients for Def (coded units)

Term Effect
Constant

Speed 8.3750
Alcohol 0.2500
Line -0.5250
pH 0.0250
Temp -1.5500
Pressure -0.3250
Speed*Alcohol 0.9250
Speed*Line 0.2000
Speed*pH 0.3000
Speed*Temp -1.6750
Speed*Pressure -0.7000
Alcohol*Line 0.0750
Alcohol*pH -0.0750
Alcohol*Temp -0.6500
Alcochol+*Fressure 0.5250
Line*pH 0.7000
Line*Temp -0.2250
Line*Pressure -0.7000
pH*Temp -0.6750
pH*Pressure -0.6000
Temp*Pressure -0.2750
Speed*Alcochol*Line -0.5500
Speed*Alcohol*pH -0.7500
Speed*Alcchol*Temp 0.4750
Speed*Alcohol *Pressure 0.8000
Speed*Line*pH -0.1250
Speed*Line*Temp 0.2500
Speed*Line*Pressure -0.2750
Speed*pH*Temp -D0.2500
Speed*pH*Pressure -0.0250
Speed*Temp*Pressure -0.8000

Analysis of Variance for Def

Source DF
Main Effects 6
2-Way Interactions 15
3-Way Interactions 10
Residual Error 128

Pure Error 128
Total 159

L Jp
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1875
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.2625

3500
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3375
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02375
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Seq 8§
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3985.

= v Gy L U1 WL

Adj SS
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ooy oo

113
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.61
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.64
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.50
.05
.30
X3
.34
.68
w75
.68
.Q7
+ 19

F
90.84
3.44
1.93

p
-000
.000
.496
-154
.946
.000
.376
-013
.586
.414
.0oo
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.838
.838
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-154
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.197
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.733
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.454
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.946
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0000000000 QQO000000CO000DDO0C0OD0O0O0C0O OO0

P
0.000
0.000
0.046

N



Pareto Chart of the Standardized Effects
(response is Rey, Alpha = .05, only 30 largest effects shown)
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A5—

AEF— D pH
A E
CF— F. Pressure
CD—

AF—

DE—

f

i

131t

ik

TTEe

o

MW 3-15 taAaRuins 18 (Pareto) vosdnsnalunaaziledy

Normal Probability Flot of the Slandardized Efects
(responsa is Rej, Alpha = .05)

+A | B Acoha

Nermnal Score
(=]
1

-1

1
10 r
Standardized Effect

MW 3-16 N51WLETAT Normal Probability Plot of the Standardized Effect
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Main Effects Plot (data means) for Rej

d' <1 <~ Qs o
AN 3-17 uaasns1vunsdniwanan 6 ol

Interaction Plot {data means) (or Rej 1
) % v » S AL > L3
Speed L —_— — _—— - - ——— Tm
— —
« 8500 5
¥ 8X0
— —— — F
Alcctnl -0
15 —— —_— E—— ——— s
*5
[+]
Line - 1

pH T=
* &5 — —_ L

*45

AINN 3-18 LEAAINTIHYDIONTNATIY 2 52AY

MNHANIIT AT IZH AU 55 UUBININARBIRWHANMINIIABATAINTTL AR
Tua1s199 3-7 UHUUNUS IR (Pareto) wpsanBnaluudnziledy 910N 3-15 N5 IR
Normal Probability Plot of the Standardized Effect 99009 3-16 nsmluanadninandn 6
1950 910017 3-17 naznsMaaBnIwas L 2 sEAU 1AM 3-18 wuileadunan (Main
Effect) fip 321U sAUN (Speed) ua:qmﬁgﬁvmﬁwwﬂnﬁmu (Temperature) JONFNA

mlimafailymiatueaiiiiedAyfsedn o =0.05 dauanlosikuausanssnd (Percent
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v
©

Alcohol), szuziduiduagnii (Line of Roller), manuiiunsailusaveniivhnimu (pH

X

o«

Value) 1023205 M1UBIQMNNUNLANN (Pressure) TulianFwarii imuiailywiadvedisl

Wodiyfissdn @ = 0.05 uaznng edondniiifod sy sxlisninavesilesvsm s szdy
uray FaneinTnssad1audaurs (Alias Structure) Kol

Alias Structure

Speed + Alcohol*Line*pH* Temp*Pressure

Alcohol + Speed*Line*pH*Temp*Pressure

Line + Speed*Alcohol*pH*Temp*Pressure

pH + Speed*Alcohol*Line* Temp*Pressure

Temp + Speed*Alcohol*Line*pH*Pressure

Pressure + Speed* Alcohol*Line*pH*Temp

u,e;iLﬂmmﬂmﬁ%‘tm%gaﬁ'lé’éammﬁgm'h HANINARBITNNITOT vzazauBNTHavDS
Hedusmszaugeld fnfu 513 sdadninaiinnniledoia s sedueon’d
iiofinsnilatesan 2 558 (Two-Way Interaction) Wu1119803 23983 (Speed*Alcohol)

LAY (Speed*Temp) Haniwavirlhinailavianuuana1anu (P-Value < 0.05) uazyn v
321 2 5eAU vrgnursegiugnefesan 4 szau Fanonlassadraudauds Alias Structure
Foil

Alias Structure

Speed*Alcohol + Line*pH*Temp*Pressure

Speed*Line + Alcohol*pH*Temp*Pressure

Speed*pH + Alcohol*Line*Temp*Pressure

Speed*Temp + Alcohol*Line*pH*Pressure

Speed*Pressure + Alcohol*Line*pH*Temp

Alcohol*Line + Speed*pH*Temp*Pressure

Alcohol*pH + Speed*Line*Temp*Pressure

Alcohol*Temp + Speed*Line*pH*Pressure

Alcohol*Pressure + Speed*Line*pH*Temp

Line*pH + Speed*Alcohol*Temp*Pressure

Line*Temp + Speed*Alcoho!*pH*Pressure
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Line*Pressure + Speed* Alcohol*pH*Temnp

pH*Temp + Speed*Alcohol*Line*Pressure

pH*Pressure + Speed*Alcohol*Line*Temp

Temp*Pressure + Speed*Alcohol*Line*pH

uffhf}aw1ﬂﬂ1ﬁ%’ua‘§a1§ﬁﬁuuﬁ§mi1 HaMINAABIIIORvzaziauBniwavesilafy
aszdugald Aok mdedadninafinentleioiw 4 sedveen’d
oo 1smriodesau 3 sedy (Three-Way  Interaction)  WUNIIT03I0V3

(Speed*Alcohol*pH), (Speed*Alcohol*Pressure)} U0 (Speed* Temp*Pressure) ind 'lﬁ%g Y ELY
sninam iRallymiafuuanaietu (B-Vae < 0.05) Funonlnsaadraudaids Asias
]

Alias Structure

Speed*Alcohol*Line + pH*Temp*Pressure

Speed*Alcohol*pH + Line*Temp*Pressure

Speed*Alcohol*Temp + Line*pH*Pressure

Speed*Alcohol*Pressure + Line*pH*Temp

Speed*Line*pH + Alcohol*Temp*Pressure

Speed*Line*Temp + Alcohol*pH*Pressure

Speed*Line*Pressure + Alcohol*pH*Temp

Speed*pH*Temp + Alcohol*Line*Pressure

Speed*pH*Pressure + Alcohol*Line*Temp

Speed*Temp*Pressure + Alcohol*Line*pH

diofinsandeiondnnivafuiledosan s szdu nuhilefondnfle Audedidud
1BONBDT (Percent Alcohol), 'szuzrﬁmﬁmqnfq (Line of Roller), mnsiiunsaiiuaiaves
thehmiing (pH Value), gamaiive st ovyiiny (Temperature) Hazszos19v83g0nAS
LR (Pressure) Tuthiedagaemufailymieiy #arhu 3 azimolesusanes

{Alcohol* Line* pH Value*Temp* Pressure) 8 uazzﬁmm;ﬂ'.imﬂm%‘ﬂumsﬁnﬁ (Speed)

»
oA

Sa o & ¥ = Y LI o ar 5 a1 [
naniwai ldmadallgmoduedulidodfgisedy o = 005 A s Twoniun Jeds

]
5w o

1N (Speed) Heninar ldmadailguieiuuanaiy stwiitsdfgnszdu o =0.05

(7]
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3.9 8MNAMINATBUYBYA (Power of Test)
diothdoyai vinmsnaasaiamsei 3-6 wmeasuaNURtaneYpad LGB
a o - @ H 1 ¥ S ) Fg
msnanaandeeinnisufiasauudgumdndennuniseiluediates 0.95 43503414

1 »
fmuam a 1Inszdu 0.05 v2'1da9dl

Tay
ny .t}
¢2= i=l2 (34)
ac
139
% = 14
¥ = 14
%, = 64

] » -
AURALYDY X Viarum (¥) = 533

o (Estimate) = 5.01

Toy
7, =X -X = 14-533 = -393
T,= X, - X = 98-533 = 447
T, = X,-XxX = 14-533 = -393

T, = X, -%X = 64-533 = 107



1(659.50)

32(5.01%)

n(0.82)

M 3-8 uansdnensadeudoya
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n ¢’ ¢ a{n-1) Jij Power (1- 8)
2 [.64 1.28 32 0.27 0.73

3 2.46 1.57 64 0.09 0.91

4 3.28 1.81 96 0.17 0.98

5 4.10 2.02 128 < 0.01 >0.99

' ¥
2109113199 3-8 paasrhlunmanaasidisiuudstis 5 51 5w lunisnagey

¥ ]

»
naneItuinMAHLINOLA)

[l
3.10 minaaevautizansmsanaule

R® =

SSI'md el
SSrataJ'

3299.5
3985.1

x 100%

82.80 %

x 100%

T & ] [ ar ] y o °
Yoyau1n1 0.99 Fawnadiaindeanisie 0.95 Seergil 1A uaudsdsiiiuuding

(3-2)
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R 2 SSermr f d./;rmr

S 100 % 33
/ {SSW fdfmj T )

R - lﬁ[685.6;'128-‘ . 100 %

i 3985.1/159 |
R, = 7863 %

A = t 2 ¥ o & o o w4 ar = r
ONTUITINAT R Llﬁﬂqslﬂlﬂuﬂﬁﬁzﬂﬂﬂ'ﬂllﬁllﬂuﬁﬂaﬂﬂ'}l!ﬂﬁﬂﬂﬁzltﬂzﬂ'.}!tﬂi

=

<& o ar o o i = iy - 1o
a1y Fellnnuduiuiiuissan 82.80 % uazdioRivsaniian B2, ssuaasldiiundauls
= a b o v w dw o o
daszuazAulsny FallanuduRusiunssal 78.63 %
v o : - . 3
athalsfiany lesnnnisnaass 2" w5e 2° Factorial Design tHutRoaniinaassdudy
A e oA W el oy a o 1 = a a w
wedadonilefeniima liinmsmanizmuizauaslil sinmiswnsaaninainilede
Iy =) ar 1 = ar ar w F o L3
wanuazdninanniliivswdemsfailymiady awsndailiivanjofisudueanseed
¥ ¥
o o ar ] 8 o Y 1
Nedvszozidudivagmit Tededraruilunsaduarsvenioimimu wazileduszezving
& : o 1a 4 o - ar a = w 0 & o
ypagnnanhiiuuinuiesn i Autu fananiiedn 2 faleiziminassunontranizh

M AuAWTT 3° Factorial Design Ao 11
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HAMINAag

4w a o q ¥ ) P LA v 1o
Tl'lﬂHﬁﬂ'liﬂﬂﬁENL‘UﬁNﬂucluUﬂﬂ 3 Tl'ﬂ‘l’ll.ﬂ‘l"li'm'fl UAHITUIRDTHANINGY 2 AN

]
Ao oo

Aihfeddy nieitnIwanemsfailymiaiy Feiide anudalunisfiud (Speed) 1oz
unnHuea 111NNy (Temperature) Fatiu é”iﬁ’uﬁaﬂz"I.é’fﬂmﬁwﬁma{nﬁ'nﬁ’:a 2
wisimes livhmsssnuyumsnaasaitemansiimnzauaely daumsifinoifmao
fio flediSusiioanesnd (Alcohol) szuziduiiluagnii (Line of Rolter) Aramuilunsaifi
avveathomhanling i Value) uaz szu:mwmqnﬂg;ﬁyﬁuuﬁﬁnﬁ (Pressure) 34 il

Ida o '

Wiy niohifitninanemainallymady aunsnaziael® a19199 4-1 naassziuves

v
-

P oy VR
Wi ']1]!.‘51851’11‘5?“111 TWUHHIADUT NS

41 mamdiunsmasedaglfimaiindiimiineumiea (Response Surface Methodology)
s ntuneuresmsaniuilunnaos (Screening Factor) Wonieallafunazidoniledy
diyAdnina (Vial Few) sommaoumueslfudy E'T?J5'03415’11111151!‘31%3;??15@%4 213
BONILUNTINADBINLY 3° Factorial Design T A T SERTRINRIRY SN
ADLADY LazIsERLTIMINs AR gAveRaz ety Faap il ouatavesnisnaans
(Runs) Fanuamiiy o ads Tau§ mAumsnaass 5 41 ua:ﬁnw‘l%’ﬁ'aadw—*gmz 1,000 UWY
sty Sadodldemmuniiidy 45,000 Fu lumsneanenisil sziszfuveIminedfuneh
manaaesluund 3 mﬁmwmawﬁﬁﬂﬂizﬂﬂunmﬁuqﬂﬂme (Medium) THfiuwisiiwes
s sananatuaised 4-1 MwazBoavssniseenuuLMINAABINYY 3* Factorial Design

AuaaI TuAIT9N 4-2 tiag MTNT 4-3
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o o =y oSeiq W dy =
171491 4-1 Elﬁﬂ\'l‘J'zﬂll‘tlﬂ31’”‘5'llllﬂﬂ'iﬂhiﬁﬂu'lﬂuﬂﬁﬁﬂﬂﬁuﬂq

LAY
wiiimosinieading Low | Medum | Hig Wile
(-1) (0) (1)
1. i lumsiud (a) 6300 6400 6500 | uruAaTug
2. qampiiveahehoiing ) 10 13 16 "C

! lz e = w vl (Y 4
Tudawvesiuaoumsdnilunismaans , Jagglnsainldlummansaazminai
»
My uasTEmsnageuranisnanes widinsuazsussumsnassaunilsudumsnanes
- & i w 2
1% Factional Factorial #auaassivazdoaluuniiz wade 3.3.1 fa 3.4.6 uazez1duay

s 2 e a i :
NABBINATY 45,000 FU Famsesnuueminanes 1auansnslunisei 4-2

M13197 4-2 MIBBAUVY 3° Factorial Design N1¥1 2 fauls snmsdwumsnaasslasly

Tdsunsu Minitab Versionl3

Run A B
1 1 1
2 0 -1
3 -1 0
4 1 1
5 1 1
6 0 1
7 1 0
8 0 0
9 I -1
Taui
A = anudalumsiud

I

¥
= o o
PUUHUYNUTY Tﬂ MUY
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g1

Run A B Defect

1 6300 16

2 6400 10

3 6300 13

4 6300 10

5 6500 16

6 6400 16

7 6500 13

8 6400 13

9 6500 0

ﬂ111\1‘ﬁ 4-4 Hﬁﬂﬂﬂ'l'ilﬁﬂ%lfﬂi‘ltﬁﬂ']iﬂﬂﬁﬂi
A B Def Def Def Def Def Average

Ru (Speed) | (Temp) ] 2 3 4 5 Def
I 6300 16 0 0 1 0 0 02
2 6400 10 2 2 2 0 2 1.6
3 6300 13 3 3 0 4 1 2.2
4 6300 10 4 2 4 4 4 36
5 6500 16 11 1 12 9 10 10.6
6 6400 16 2 4 0 4 1 22
7 6500 13 2 3 1 4 3 2.6
g 6400 13 2 0 1 3 0 12
9 6500 10 1 0 1 2 2 1.2
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a2 ¢ M

4.2 myansevtazajdnan mansItudu

421 msnnsanlumsidonaumsnadadians e ¥ gz auve i

& = s ma oo S & L »
avvausadslunmshinswinwaidaigdmnssuwe b ldnamsnaass uasdongUannms
nenoalaomsdmsigiarman)slsiu ludrunmsduiiunsmeasauuy 3* Factorial Design
Yo ¥ - e o L. . & -

Taideyaninsey Tauoiey TuUsunsy Minitab Version 13 ansidengiumunisnineg
MRy aTRns RN

0 oar

4.2.1.1 manuinisd1AguoIn1sonoasupsaums (Regression) AD NITNATDL

A o P o oo J wr &d’d J ar 1
Mofvzasaau A NUTUAUTTEINA s HaRD U (1111’111?18?1'] Defect) NUIFALDIVDY

#n)sonnoy A uaz B wie'ly

aunAPUNIzauD

Jas

:ﬁt=ﬁ2=ﬂjzo

H, : B, #0 foratleast onei

Hy:A=4,=24=0

H, : 4, # 0 for at least one i

AMua a = 0.05

- 6( ooy L. » H hd
42.12 mdmlseinimsdadule @) Wudravesdwuiaaasluanudnnls
' A ¥ [} o Py I B
VEIRIRBUAUBY (Defect) 1o 1¥d 100008 A uaz B Tuauns ednlsfmumsini R iawin
" 1 o H 3 ’ﬂ A I =Y -
T ldudaruuuiasanisoanssfad 198w tiswinnmsdudualsv iy luaymsee
» » » » .
vl R indiu hihdwdsiuseiiisddgmuadanie i dai swduldhaumsad
[ 2 - o= 12 s 1 -
a1 R in smvsziduaumsnsngiamansn la lunswenselamouauoan'la
- ar & ‘Y = o a4
4213 mdumlszAnimsaadulefivivuds ®’,,) amladud inezhiciuau
I . . = 4 s . o & w in ve
dies s aalamuiu luuusnes ualuanuiuess duswivduls i lusuiluashi
Tuaums Area R, ezlifanasiaue
42.1.4 91 Lack-ofFit  tiludrvenarmisanavesdus luaums Tunis

TnnziaunisUsusweagn Asivunisoanos lidhufududs f1 p-vate <
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e

422 ythannupsdanisnanin (Full Quadnatic) TasRlimouwes A, B, AB, A” uaz B’

aaaaalua1inem 4-5

A1INT 4-5 uanarantsAnszHa NN Us uvesmsnanesiisduvuaumsuuy

Wantenmnn (Full Quadratic)

Response Surface Regression: Def versus Speed, Temperature

The analysis was done using unceded units.

Estimated Regression Coefficients for Def

Term Coef SE Ceef T P
Constant F91l6.84 1896.34 4,175 0.000
Speed -2.34 0.59 -3.8%57 0.0400
Tenperat -71.486 7.10 -10.059 0.000
Speed*Speed 0.00 0.00 3.748 0.001
Temperat*Temperat 0.14 0.05 2.667 0.011
Speed*Temperat 06.01 0.00 9.%85 0.4000
S = 1.463 R-5g = B0.5% R-Sgiadj) = 78.0%

Analysis of Variance for Def

Scurce DF Seq 58 Adj 88 Adj ms ¥ P
Regression 5 345.16 345.16 69.031 32.27 0.000
Linear 2 95.10 246.08 123.041 S7.52 0.000
Sguare 2 45,28 45.26 22.628 10.58 0.000
Interaction 1 204 .80 204.80 204.800 5$5.74 0.000
Residual Error 39 B3.42 B3.42 2.139
Lack-of-Fit 3 32.862 32.62 i0.874 7.7 0.000
Pure Exror 36 50.80 50.80 1.411
Total 44 428.58

nindeyafiinsizd lagleTsunsy Minitab Version 13 A31ua15139 4-5 wud euns
1 1 1 o £ A{

Tumou Full Quadratic A1R’ = 80.5% uazsiR’,, =78.0% SutumdulszAnims
andulafvuinels

- n’; Moow =4 A . = o .

antu didedadenuyudnssaunisnindamaas Luimonyed Full Quadratic 191y

M ' - o w ar I o ofel

MINTINTAIMIPAMIYAYOIA Def Hiseiniod ey & = 0.05 Famdulszinin lduininms

e lums1an 4-5 e uniied 4-6
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: 1 %3 - ﬁ\' L3
AN 4-6 L idmnlszansunediauls

Term Coefficient
Constant 7916.84
Speed -2.34
Temperature -71.46
Speed*Speed 0.00
Temperature*Temperature 0.14
Speed*Temperature 0.01

Tasd Tumavoanumsn s amaas Ao

Y = 7916.84 -2.34 4 —71.468 +0.14B* + 0.014B 4-1)

Y = $wnveudefiinasnilymaiu (Defect)

AT UM INIA (Speed)

B = goampivenihWininy (Temperaturc)

43 MINTINNOUANNYRABILBITUIIUIUNTINADS (Model Adequacy Checking)

m‘iﬂ‘ﬂi]ﬂ'EJ‘lJﬂ’J’mQﬂFTEN%IBQ?IJILUUﬂ‘I‘i‘I’]ﬂﬁfN (Model Adequacy  Checking) ums
ASVADUANUHMZABIAZANNGNADIVE o yaf 189 1nmisnanns Falauudgiuda
suBvoIAdIUANAN (Residuals) 7 1anndoyalumsnaaos Aoaihuluawndnns

£, ~ NID(O,O'Z) fi Residuals Inmsusausauving uaziifudaszdonuadolndifas o

uay o’

e (Stability) SaszviTideyavinnmaassiinnugnisauazidoiold wa
nsasrnaeuniy U gmudeauuigmuandlddade i

43.1 NISATINTADUNITNTZINIY Residuals 1017190900 w1 uUYnA (Normal
Distribution) 1A9M3R9101N13NTLIIWY0R Residual 9100 N 4-1 wuddoyaiing
Ars IR AduAsT tazvInmsvaoudiu3ivesa Ty Tnrer-mietion uosuooda
et (Kolmogorov-Smimov Normality Test) #5f1 P-Value > 0.15 M1 1itioiiu1491 Residuals

fimsuenuaanung
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Nomal Probability Plot

Frobabllity
Bog Rk kbgip B

-3 2 -1 (¢] 1 2 3

RESIM
Average 1 000000 Fomogoroy-Smemoy Hormally Test
RO 1 I8 0= 002 D 0074 D Q074
M 45 Approrate PVale > 0015

NINA 4-1 LAHAINSNTZULVVNAYBIAT Residual

4.3.2 NMIATIVADUAURDIVD Residuals IAsRINIUININUAUNTNITNTTRIINNINA 4-2

ql é _ 1 P13 o o = o fé J
a1l 4-4 FaTununinsnszeouen Residual fouiuszdumstinesnnaa Fawui
Residual Tundazsednveauiazwisiines inszaiemedmuinuazamuay innw augatu

=5 LT 1 c; s = o= = 1 Qs
mﬂs:mm%‘nmmau‘um Residuals ﬂﬂﬂﬂmﬂﬂ&‘r‘lﬁﬂlﬂ'lﬂﬂ 0

Resduals Versus Speed

(response is Rej)

& —
.
5 —
.
n *
3 % *
2 — . -
2 . !
4 O S
k] ° B ——— A e e === +* =
- — . ’ *
2= . E ]
.
3 — " '
*
i .
I I 1
ey 5300 850
Spead

DINN 4-2 UFAAINITNTZI0AIUDI Residual INUUNY Specd
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Residuals Versus Temperat
(response is Rej)

8 —
5 —
4 —
9
S !
5

L e fmmmmmmm e

-1 — v $

Residual

2~ o .

B Y »

PINN 4-3 LAAINITATLIIUAIVDY Residual (NBVAY Temperature

433 nmsasnaeunnuiiudaszuesdoyn (Independent) TAuRAITRNINUNULTNS
NILI0 9INNTHA 4-4 1HBRIITUINITNTTVI0VBITOYAUUUNUNE WUIINTNTZIWAIVES
Residual fituvuiiidudase Tifsduuviumiuou wie hiannsodsynaugduuuiiniveu

18 narmal¥iviue Residual SAuiijusaszAiu (Independent)

Resduals Versusthe Order of the Data
(response is Rej)
aj .
5 = .
o ,
3-1 . - ** .o
2 R -
3 (= . . + . .
3 0 ——— e — e e e —— - = = = F e —— — - - e —————
1 — » * . * L4 -
2 - * -
3~ - >0
» L3 »
4
T T T T T T T T T
5 10 15 20 -3 X0 Y X L
Obsenaton Order

PN 4-4 UAAINITNTLVIWAIVDA Residual 1NU1171) Observation Order
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4 " ¥ ] ) . an
INAINA 4-1 a0 WA 4-4 wuhglunuvesmiaIuanfie (Residuals) 71491 9oyaly
¥
o W e Vv 5
mnaaes i ldmundnns e;~ b, o?) Nnilszms dntu Teagd Iddoyamananes

Sa v = VA Ay
FAUUANUONADILATUANUUUYDOD lﬂ

3 a

Interaction Plot - Data Means for Rej

Mean
L

Temperature

MAN 4-5 HAAINTINYDIDNTHATIV 3 T2AD

Woinsinnginivvesdninaswanning 4-5 senwudn iliodSy Speed uaz

£ Idl. @ ° ¥ e P-% 45 1 é‘l o g o
Temperature 1¥0g52AUg3 i IiAaswnveaouiniiga ualieiimsSuszay Speed
nnsravge idasldisedunanesi i wauveaduninmsinaaiuanaediesing uad
MInU5Y Speed 1HDgVszAUAT A0 6,300 uAW/AI TN 5IUAY Temperature N3zAVYIAD 16

] » »
paraoa Suauveadvinaiunzlasiga
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Surface Plot of Rej

Rej

1 W
MNA 4-6 LAAINUAIADUAUDIVDIDNTNATINILN 11 Speed N Temperature

a v o c;
210717 19 1151n51 Minitab  Version 13 1umisiasieimomssaduimunzauyn
a o ar : = l:; o Y o o = ﬂlﬁ-' d‘ 'y 9 3 as
W mesnanna 3 siafiszi liifasuiuvesduiiosiga Ml 1dnsvluesilede
nannlionsnarodwvvenduninilymany Taomsldaums v = 791684 ~ 2344

—71.468 + 0.1458° + 00148 Aauaadluninid 4-7 Laza131990 4-7

‘ Speed Temperat
Optt‘)ma' Hi 6500.0 16.0
Cur [6300.1145] [15.5289]
072256 1o 6300.0 10.0
Rej
Targ: 0.010
y=0.2847
d=0.72256

mnh 47 aswluaasgadaiimldsuiuveududga



M99 4-7 1AL Out Put Optimization Point 910 T1sunsy
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Response Optimization

Parameters

Goal
Import
Rej Target
1
Global Sclution
Speed = 6300.11
Temperature = 15.83
Predicted Responses
Def = 0.28467,

Composite Desirability =

Lower Target
0 0.01
desirability = 0.72256
0.72256

Upper Weight

[}

[ 1 - o - = o« = =)
Qﬂm‘ll'ltﬁl.l‘b‘ﬂdﬂﬁﬂﬂJﬂ’]111511]!?10Sﬂmdlﬂiﬂiﬂijﬂﬂ'mﬂﬁNTI 4-7 910

1. YFuanu$»lumsHun (Speed) 71 6300.1145 urunnsa T

2. UFuguupiiveniu1M1nmimu (Temperature) 11 15.5289°C

uaean luanimns

NTITURT

o “

é; o L] o =  q ¥V - W o
119509903 lWawsodsumsinmes Wazidoa ldaiu

b d ' ¥ [
naa gl n Tsunsy aadu SedesiimisuSumganmuzau vy iNe Tiawisodsus

WIS WADS YDA 0NT 14953 1R uAas uveudouusunuioofige uaziininiui

151501 (Desirability: D) Aunfiga aauaaslunini 4-8

Speed Temperat
Ngw Hi 6500.0 16.0
Cur [6300.0] [15.60]
0.72308
Lo 6300.0 10.0
Rej
Targ: 0.010
y = 0.2841
d =0.72308
J

Mwi 48 nsmluaasgadanmmzaylunmslsunwisiines



90
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M5 4-8 LARUDUTTIAATY (Defect) 1INMIAVHBUIURTY 5,000 LHU/AT

ANMTAIITNINUAY anzmninulny
AN NUIUVDUTGANUIRAY AT v udvanumiy
1 18 ] 3
2 20 2 4
N 3 6 3 6
4 11 4 7
5 7 5 5 4
6 23 6 0
7 12 7 8
8 | 8 7
9 27 9 0
10 1 10 3
-
1 1 1 5 i
- 12 12 12 4
13 0 13 6 _4
14 8 14 3




91

M " ¥ E " e
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Afai Fuveudveiuaiy adaii Suveadvaiumnie
15 5 15 0
16 15 16 2
b 11.06 ¥ 2.60
S 7.98 S 2.57
N 16 N 16
I
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R (a-1)
53
&
19
S, = 7.98
S, = 2.57
Fo- 7.98;
2571
F, = 964

vinmsiamsnmsueniauy F lumanuan Rszdnivdiny o =005uaz v, =

16-1=15, V,=16-1=15 914 F = 2386

0.05/2 (15.13)
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214 t = 2132

005.4

I

1l

11.06 — 2.60

(sf /11,)2 (5; /n, )2

n,

-1

5

iz —1

98’ 2.5?2}2

=+

16 16

(7982 /116) (2577 /16)

3.88

15

~
~

+
15

4

t, = 4.04

loss « = 2132
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4.5 MIINTILHMAUASHENMENS
nndeyaluaisied 4-8 Tuanemamianint SwuanuRuiinds 5,000 udu il

o w <4 " [ = a 4 o 1
DIUIUANUIRAY 2.60 LIHU ua:iwmamﬁauﬂzuamwuwmaﬂ 900,000 UWU

v oA oifis1 o da 4 2.60 '
AIUU LABZIADUISVUYHITNUNINAYY % x 900000 = 468 LIHY

aldneniaunguininiapmaduminyg 12,29 vInaHy

E

iy udaziAeuazdua 1991w 468 x 12.29=35,751.72 U1n

AalualdeAlvesanemsiiandng 575172 x 12 =69,020.64 1N

mlg9wAl vnilgmanuluanemsdhau@uniiny 293,603.16 um

¥

aaiudailisendan 1991018 293,603.16 - 69,020.64 = 224,582.52 umn /1)

Aonusuuvoudonanas 11'()61;2'&“00% = 76.49 %

Wiy ua o
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MINA -1 HERIAIBIINMIBBNLULIAN T T nmeF sauny 24 7

Number of Function Number of Design
Factors, k Runs Generators
3 23 4 C=1+AB
4 25" 8 D=+ ABC
5 2, 16 E=+ ABCD
2772 8 D=+AB
E=+AC
6 25 32 F =+ ABCDE
25,2 16 E=+ABC
F=+BCD
257 8 D=1 AB
E=+AC
F=+BC
7 2. 64 G =+ ABCDEF
272 32 F=+ABCD
G=+ ABDE
2} 16 E =+ ABC
F =+ BCD

G=xACD
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A13130 n-1 (AD)

Number of Function Number of Design

Factors, k Runs Generators

8 207 64 G =+ ABCD
H =+ ABEF

237 32 F=+ ABC

G =+ ABD

25" 16 E=+BCD

F=+ACD

G=1+ ABC

H=+ ABD

9 2.7 128 H =+ ACDFG

J =+ BCEFG

257 64 G =+ ABCD
H =+ ACEF
J=+ CDEF

25 32 F =+ BCDE
G =+ ACDE
H=+ ABDE
J=+ ABCE

257 16 E =+ ABC
F=+BCD
G =1+ ACD
H=+ ABD

=+ ABCD
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M13130 -1 (A8)

Number of

Factors, k

Function

Number of

Runs

Design

Generators

10

10-3
2V

i0-4
2.’1’

10-5
2."?

10-6
2!!!

128

64

32

16

H=+ ABCG
=+ ACDE
G =+ BCDF
H=+ ACDF
J=+ ABDE
K=+ ABCE
F=+ ABCD
G=+ ABCE
H=+ ABDE
J=+ ACDE
K=+BCDE
E=+ ABC

F=+1+BCD

G=+ACD

H=+ ABD

I=+ ABCD

K=+ AB
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Number of

Factors, k

Function

Number of

Runs

Design

Generators

11

12

11-5
2”’

12-8
2!!.’

64

32

16

G=+tCDE
H=+ ABCD
J =4+ ABF
K=+ BDEF
L =+ ADEF
F=+ ABC
G=+BCD
H=+CDE
J=+ ACD
K=+ ADE
L=+ BDE
E=+ ABC
F=+BCD
G=xACD
H=+ ABD
=+ ABCD
K=1AB

L=+ AC

E=+ ABC
F=+ ABD
G=+ ACD
H=+BCD
J=+ ABCD
K=+ AB

L=+AC

M=+ AD
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3197 A-1 (MD)

Number of

Factors, k

Function

Number of

Runs

Design

(Generators

13

14

2]3—9

I

14-i0
2!!.’

16

16

E =1 ABC
F=4+ ABD
G=+ACD
H=+BCD
J=+ ABCD
K=+ AB
L=+AC
M=+ AD
N=+BC

E=+ABC
F=+ ABD
G=+ACD
H=+BCD
J=1+ ABCD
K=1AB
L=+AC
M=+ AD
N=+BC

O0=+BD
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3199 -1 (A9)

Number of Function Number of Design

Factors, k Runs Generators

15 20 16 E=+ ABC
F =+ ABD
G =+ ACD
H=+BCD
J=+ ABCD
K=+AB
L=+AC
M=+ AD
N=+BC
O=+BD

P=+CD
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A:; s s o N = L) i’—P
A5 72 anuduRusudaudsniseanuuusdnmotoa 2577 (k< 15, n<64)

Designs with 3 Factors

(a) 2“, 1/2 fraction of 3 factors in 8 runs
Design Generators
C=AB
Defining relation : I= ABC

Aliases

A=BC

B=AC

C=AB

Resolution I

Designs with 4 Factors

(b 2", 1/2 fraction of 4 factors in 8 runs
Design Generators
D= ABC
Defining relation : I=ABCD

Aliascs
A=BCD
B=ACD
C=ABD
D=ABC
AB=CD
AC=BD
AD=BC

Resolution IV




AITIN N-2 (AD)

Designs with 5 Factors

(c) 25'2, 1/4 fraction of § factors in § runs Resolution II1
Design Generators
D=AB E=AC
Defining relation : 1= ABCD = ACE = BCDE
Aliases

A=BD=CE
B=AD=CDE
C=AE=BDE
D = AB=BCE
E=AC=BCD
BC=DE=ACD=ABE
CD=BE=ABC=ADE

(dy2*"', 172 fraction of 5 factors in 16 runs Resolution V

Design Generators
E=ABCD
Defining relation : 1=ABCDE
Aliases

Each main effect is aliased with a single 4-factor interaction.

AB=CDE BD=ACE
AC=BDE BE=ACD
AD = BCE CD=ABE
AE=BCD CE = ABD
BC=ADE DE = ABC

2 blocks of 8 : AB = CDE
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A9 n-2 (AB)

Designs with 6 Factors

(e) 27, 1/8 fraction of 6 factors in 8 runs Resolution I1I
Design Generators
D= AB E=AC F=BC
Defining relation : 1= ABD = ACE = BCDE = BCF = ACDF = ABEF = DEF
Aliases
A=BD=CE=CDF=BEF E=AC=DF=BCD=ABF
B=AD=CF=CDE=AEF F=BC=DE=ACD=ABE
C=AE=BF=BDE=ADF D =BE = AF = ABC = ADE = BDF = CEF

D =AB=EF =BCE = ACF

(f) 26'2, 1/4 fraction of 6 factors in 16 runs Resolution IV

Design Generators

E=ABC F=BCD
Defining relation : I = ABCE = BCDF = ADEF
Aliases
A =BCE=DEF AB=CE
B =ACE=CEF AC=BE
C = ABE = BDF AD=FEF
D =BCF = AFF AE=BC=DF
E = ABC = ADF AF =DE
F=BCD=ADE BD =CF

ABD = CDE = ACF = BEF BF =CD
ACD =BDE = ABF = CEF
2 blocks of 8 : ABD) = CDE = ACF = BEF
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M3 02 (AB)

(g) 2%, 172 fraction of 6 factors in 32 runs Resolution VI
Design Generators
F = ABCDE
Defining relation : I = ABCEF

Aliases

Each main effect is aliased with a single 5-factor interaction.

Each 2-factor interaction is aliased with a single 4-factor interaction.

ABC =DEF ACE = BDF
ABD =CEF ACF =BDE
ABE =CDF ADE =BCF
ABF =CDE ADF =BCE
ACD = BEF AEF = BCD

2 blocks of 16 : ART = CDE 4 blocks of 8 : BC

ABF =CDE
ACF=BDE
Designs with 7 Factors
(hy 2", 1/16 fraction of 7 factors in & runs Resolution 111
Design Generators
D=AB E=AC F=BC G=ABC
Defining relation : [ = ABD = ACE = BCDE = BCF = ACDF = ABEF = DEF = ABCG

= CDG = BEG = ADEG = AFG = BDFG = CEFG = ABCDEFG
A=BD=CE=FG E=AC=DF =BG
B=AD=CF=RG F=BC=DE=AG
C=AE=BF=DG G=CD=BE=AF

D=AB=EF=CG
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A13197 1-2 (AB)

(i) 2, 1/8 fraction of 7 factors in 16 runs Resolution IV

Design Generators

E=ABC F=BCD G=ACD
Defining relation : I = ABCE = BCDF = ADEF = ACDG = BDEG = ABFG = CEFG
liases
A=BCE=DEF=CDG=BFG AB=CE-FG  E =ABC=ADF=BDG=CFG AF=DE=BG

B=ACE=CDF=DEG=AFG AC=BE-DG F=BCD=ADE=ABG=CEG AG=CD=BF
C=ABE=BDF=ADG-=EFG AD=EF=CG  G=ACD=BDE=ABF+CEF BD=CF=EG
D=BCF=AEF=ACG==BEG AC=BC=DF
ABD=CDE=ACF=BEF=BCG=AEG-DFG

2 blocks of 8 : ABD = CDE = ACF = BEF = BCG = AEG = DFG

() 2”2, 1/4 fraction of 7 factors in 32 runs Resolution IV

Design Generators

F=ABCD G = ABDE

Defining relation : 1= ABCDF = ABDEG = CEFG
Aliases
A= AB=CDF=DEG BC=ADF CE=FG ACE=AFG
B= AC=BDF BD=ACF=AEG CF=ABD=EG ACG=AEF
C=EFG AD=BCF=BEG BE=ADG CG=EF BCE=BFG
D= AE-BDG BF=ACD DE=ABG BCG=BEF
E=CFG AF=BCD BG=ADE DF=ABC CDE=DFG
F=CEG AG=BDE CD=ABF DG=ABE CDG=DEF

2 blocks of 8 : ACE = AFG
BCE = BFG
AB =CDF = DEG
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4 '
MINN 0-2 (AD)

(k) 2", 172 fraction of 7 factors in 64 runs Resolution VII

Design Generators

G = ABCDEF
Defining relation : I = ABCEFG
Aliases

Each main effect is aliased with a single 6-factor interaction.
Each 2-facior interaction is aliased with a single 5-factor interaction.
Each 3-factor interaction is aliased with a single 4-factor interaction.

2 blocks of 32 : ABF = CDE 4 blocks of 16 : ABC

CEF
CDG
Designs with 8 Factors
)] 284, 1/2 fraction of 8 factors in 16 runs Resolution IV
Design Generators
E=BCD F=ACD G=ABC H = ABD

Defining relation : 1= BCDE = ACDF = ABEF = ABCG = ADEG = BDFG = CEFG = ABDH
= ACEH = BCFG = DEFH = CDGH = BEGH = AFGH = ABCDEFGH
Aliases

A=CDF=BEF=BCG=DEG=BDH=CEH=FGH AB=EF=CG=DH
B=CDE=AEF=ACG=DFG=ADH=CFH=EGH AC=DF=BG=EH
C=BDE = ADF=ABG=EFG=AEH=BFH=DGH AD=CF=EG=BH
D=BCE=ACF=AEG=BFH=ABH=EFH=CGH AE=BF=DG=CH
E=BCD=ABF=ADG=CGG=ACH=DFH=BGH AF=CD=BE=GH
F=ACD=ABE=BDG=CEG=BCH=DEH=AGH AG=BC=DE=FH
G=ABC=ADE=BDF=CEF=CDH=BEH=AFH AH=BD=CE=FG
H=ABD = ACE = BCF = DEF = CDG = BEG = AFG

2 blocks of 16 : AB=FEF = CG=DH
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M3 0-2 (A19)

(m) 2", 1/8 fraction of § factors in 32 runs

F=ABC

Resolution IV

Desi cnerators

G=ABD

H=BCDE

Defining relation : 1= ABCF = ABDG = CDFG = BCDEH = ADEFH = ACEGH = BEFGH

2 blocks of 16 : ABE = CEF = DEG

A=BCF=8DG
B =ACF=ADG
C=ABF = DFG
D=ABG=CFG
E=
F=ABC=CDG
G = ABD =CDF
H=
AB=CF=DG
AC=BF =EGH

AD =BG =EFH

Aliases
AC=DFH=CGH
AF=BC=DEH
AG=BD=CEH
AH = DEF =CEG
BE =CDH = FGH
BH = CDE = EFG
CD=FG=BEH
CE = BDH = AGH
CG =DF = AEH

CH =BDE = AEG

DE = BCH = AFH

DH = BCE = AEF

EF = ADH = BGH

EG = ACH = BFG

EH = BCD = ADF = ACG = BFG
FH = ADE = BEG

GH = ACE = BEF

ABE =CEF = DEG

ABH = CFH = DGH

ACD =BDF =BCG = AFG

4 blocks of 8 : ABE = CEF = DEG

ABH =CFH =DGH
EH = BCD = ADF = ACG = BFG
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(m) 2%, 1/4 fraction of 8 factors in 64 runs

AB =CDG = EFH

AC=BDG
AD = BCG
AE = BFH
AF = BEH
AG=BCD
AH = BEF
BC=ADG
BD = ACG
BE = AFH
BF = AEH

G—_-

BG=ACD
BH = AEF
CD = ABG
CE=
CF =
CG=ARD
CH=
DE =
DF =
DG = ABC
DH =

2 blocks of 32 : CDE = FGH

Design Generators

ABCD H = ABEF

Aliases
EF = ABH
EG=

EH = ABF
FG=
FH=ABE
GH =
ACE=
ACF =
ACH=
ADE =
ADF =

ADH =
AEG =
AFG=
AGH=
BCE =
BCF =
BCH =
BDE =
BDF =
BDH =
BEG=

Resolution V

Defining refation : 1= ABCDG = ABEFH = CDEFGH

BFG =

BGH =

CDE =FGH
CDF = EGH
CDH = EFG
CEF = DGH
CEG =DFH
CEH =DFG
CFG=DEH
CFH = DEG
CGH = DEF

4 blocks of 16 : CDE = FGH
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@IS D=3 UAAINITNTEIONVY ¢

II. Puorcentage Ponnes of the £ Dhstnbution®
L

N A0 .25 .10 05 025 3 005 D025 DOt D005

1 A5 100D 3078 6314 12706 31.821 63.657  127.32 31831 63662
2 289 816 1.886 2920 4303 6965 9925 14.08¢ 23326 31.598
3 277765 1.638 235} 3182 454! 5.841 7453 10.213 12.924
) 27 J41 0 1533 232 2376 3747 4.6M4 5.59% 7173 4610
3 267 g7 1476 2015 2571 3365 4032 4773 5.893 £.869
6 263 J27 L4400 1943 2347 3143 3707 4317 3.208 5.939
T 263 JH 1415 1895 2385 2998 3.499 4.0t9 4,785 3408
8 a6 706 1397 1860 2306 .89 3.355 3833 4.501 3.041
9 261 703 1383 1833 2262 2821 3250 3.690 4.297 4.781
10 260 700 1372 1812 2228 2764 3160 3.58i 4.144 4.587
11 260 697 1363 1796 2200 ATIB8 O 3106 3497 4.025 4.437
12 259 695 1356 1782 2179 2.681 3.055 3.428 3.930 4.318
13 25 694 1350 LTI 2160 2650 1.012 3372 3.852 4.2
14 258 692 1345 1761 2145 2.624 2977 3.326 3.787 4.140
5 258 691 131 1753 24131 2.602 2.947 3.286 1733 4.073
16 2580 690 1337 L7460 21200 2,583 2921 3.252 3.680 4015
17 257 689 1333 1740 310 2567 2.898 3222 3.646 3.965
18 257 688 1330 1734 210) 2552 2878 3197 1610 Joll
19 257 688 1328 1729 2093 2539 2861 3174 1579 3843
20 257 687 1325 L7250 2086 2528 2.845 3153 3.552 3.830
21 257 686 1323 1721 2080 2518 2.831 3.135 3.527 3819
22 256 686 1321 LNT7 2074 2508 2By KRRy 3.505 3782
23 256 68F 1319 L7400 2069 2500 2.807 3104 3.485 3767
24 256 685 1318 L7l 2064 2492 2797 3.09 3467 3.745
23 256 684 1316 1708 2060 2485 1787 3078 3.450 3.725
26 256 684 1315 1706 2056 2479 2779 3.067 3.435 3907
27 256 684 1314 L7030 2052 2473 2771 3.057 142 3.690
28 25 683 L33t 2048 2467 2.763 3047 3.408 3.674
29 156 683 1311 LG99 2045 2462 2756 3.038 3.396 3.659
30 256 683 L3I0 1697 2042 2457 L7530 3.030 3.385 3.646
40 255 681 1303 1.684 2021 2423 2704 297 3.307 3.551
60 254 679 1296 1.671 10000 2390 2.660 2815 3.232 3460
120 254 H77T L2899  1.658 1.98G 2358 2,617 2.860 3160 3.373
* 233 671 1282 1645 1960 2326 2576 1807 3090 3291

v = degrees of freedom.

* Adapted with permission from Biometrika Tables for Statisvicions, Vol |, 3rd edition, by E 5. Pearson and
H. 0. Hartley, Cambridpe University Press, Cambridge, 1966,
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15197 N-5 11e7Ad Charactenistic Curves

V. Operating Characteristic Curves for the Fixed Effeccs Model Analysis of Variance (continued)
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= 4 e 4 - 1 w o '
M3AATISHAWITMIAUAINARDUALDITENI19T193b Speed AU Alcohol TdAIA1H
= o Yo a1 P ' o ) P ' e
wmunzauimldifaveudoiosige dromanus lunsAun (Speed) 1 6,300 wHndad s

= fd o o - dd o e
uazsunanesisusoanosoa (Alcohol) 11 5 1OSIHUA AN NN U-1

Surface Plot of Rej

Rej

(13

v Alcohol

R ]

Speed peess

Hoid alues: Line: 50 pH: 5.0 Temp: 13.0 Pressure; 50

' ¥
PN A1 LEAAIHUADADYALDIVBIDNTWAT WIZHII Speed AU Alcohol

o

MIINTIEHAWITMT A LR MR UTUBIsENI19T]098 Speed 11U Line 1dmanummeau
= s a = A T d = i ] " e
Amdinaveuduesfiqa Ao s lunisiun (Speed) 1 6,300 truAad Tus uazseuy

b 1 '
@udongmit (Line) 1 4 (HuAIAT AINNA 9-2

Surface Plot of Rej

P

Rej

&4do
Speed a0

Haold values: Alcohal: 10.0 pH: 5.0 Temgr 13.0 Pressure: 5.0

. »
AN V-2 LAAIAUAINDUAUDIUDIBNTNATINIZHIII Speed 111 Line
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- ama 3 = 1 [ [ LU}
MIIATIEHAWITNIIRUAWMANBUAUDITENI19T]930 Speed U pH Value AR 1AW
i = ot - 1 o = < ¥ VO
mangauii lifavenduosnga A20Anui5 1 1umsRUN (Speed) 116,300 tHuADF Tug

\ U : s = o -
nazannuiiunsatiuasvenihemidinu (pH Value) 91 4.5 fan i ¥-3

Surface Plotof Rej

<~

hxﬂ-—
Rej .
31 /\'\__

[P ]

5
5e DH
5

&g

Speed

Hald values: Alcohd: 10.0 Line: 5.0 Terp: 13.0 Pressure: 5.0

¥ b4
AT 3 UAAIHUAIADU A UBIVDITNTWATIITLHINS Speed AU pH Value

>
MIANTZHAITMIAUAIHaAD YB35z 11911980 Speed 11 Temperature 1éA1AY
A o ¥ a = g - 2 =1 =Y o P [ e
e ivinaveudolosnga Aennus ) lumshuw (Speed) 116,300 uriuAod Tus taz

P ¥ .
manudunsailuaveni v niinu (pH Vatue) i 10 Fanwil 4-4

Surface Plot of Rej

~

Speed = w200

Hald walues: Alcohal: 10.0 Line: 5.0 pH: 5.0 Pressure: 5.0

[ o
NN 4 LAAINUAWD D TUDIVBIDNTWATTEN 19 Speed 1S Temperature
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= o ¥ Qaa av o ' [ [ '
MIAATIZHAWITMIRUAINANDUTUDITENINT] 9Tt Speed AU Pressure Tdr1A 1M
= o ¥ a =1 - o o - ] 1 5
mmzauni iinaveuduriosnga Aon11ui521un1sHUN (Speed) 11 6,300 triuADy Tua Loz

] ] é’ : o 1 o = = oa o =
ISUTHNITHINGNNAIHUINULIALN (Pressure) 11 4 UAQIUAT AINTAN U-5

Surface Plot of Rej

e me D

Rej

8400
Speed 0

Hold \alues: Alcohadl: 10.0 Line: 5.0 pH: 5.0 Temp; 130

‘ql d‘(v a a A 1 1 @
HINN U5 UAAINHHINDUAUDIVDIDNENAITIVUIEHIN Speed NV Pressure

b4
A5IATIZNAWITNMINURINAADUTUDITSNINTe88  Alcohol AU Line 1an1A11

i e o P - fd o o i
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