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AANLIN A N1FIATIEHEANIINAARIABUN 1
NARWAN 9 1 N1sAATIziRanIIeaesaaun 1 dnA R, uanawdeuld (90°)

Estimate A1 Main Effect Ua36iqLils A

= -0.6383

Estimate A1 Main Effect 18369115 B

1

B=—[b+ab+bc+abc-(1)—a —c-ac]
4n
1

B=— [36.83+33.09+38.76+35.19-23.27-17.84-25.37-22.79]
4(6)

B=— (54.6)
24

= 2.275

Estimate A1 Main Effect 18369113 C

1
C=— [ctac+bc+abc-(1)—a-b-ab]
4n

1
C :4_(6) [25.37+22.79+38.76+35.19-23.27-17.84-36.83-33.09]
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= 0.4617

Estimate AN Interaction Effect 524191969015 A waz B

1
AB=— [ab-a-b+ (1) +abc-bc-ac +c]
4n

AB = — [33.09-17.84-36.83+23.27+35.19-38.76-22.79+25.37]

Estimate A1 Interaction Effect 51191969015 A way C

1
AC=— [(1)-a+b-ab-c+ac-Dbc + abc]
4n

AC = — [23.27-17.84+36.83-33.09-25.37+22.79-38.76+35.19]

= 0.1258

Estimate A1 Interaction Effect 51191969115 B way C

1
BC=— [(1)+a-b-ab-c-ac + bc + abc]
4n

1
BC =— [23.27+17.84-36.83-33.09-25.37-22.79+38.76+35.19]
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Estimate A1 Interaction Effect 511919619uU9 A, B waz C

1
ABC=— [abc—-bc-ac+c—-ab+b+a-(1)]
4n

1
ABC =— [35.19-38.76-22.79+25.37-33.09+36.83+17.84-23.27]
4(6)
1

ABC =— (-2.68)
24

= -0.1117

A1 Sum of Squares Total

a bcn, Y2
SST = ZZZ \/i/k - _

i=1j=1k=1 8(n)

= (4.21°+3.87°+4.20°+ ... +5.72°) — (233.14)°

8(6)
=1204.4258 — 1132.3804
=72.0454

(Contrast)2
N SS= —m
8(n)
\ia9annAn Degree of Freedom 284 Factor Effect A, B, C, AB, AC, BC, uaz ABC X

AN 1 fatiuay e

A SS, = MS,

= 4.8896



AN

AN

AN

AN

SS. = MS,. =
B B 8(6)
=62.1075
(11.08)°
SS. = MS,. =
c c 8(6)
= 2.5576
(0.7)°
SS,.= MS,. =
AB AB 8(6)
=0.0102
(3.02)°
SS,.= MS,. =
AC AC 8(6)
= 0.1900
(-3.02)°
SS,. = MS,. = “0)
= 0.1900
(-2.68)°
SS,.= MS,. =
ABC ABC 8(6)

=0.1496

SS, =SS,-SS, - SS, — SS. — SS,5 — SS,c — SSac — SSpac

118

SS; = 72.0451-4.8896-62.1075-2.5576-0.0102-0.1900-0.1900—

0.1496
=1.9506



AN

MS,

0.04876

MS,

MS,

4.8896

0.04876

=100.27

MS,

MS,

62.1075

0.04876

=1273.73

MS,

MS,

2.5576

0.04876

=52.45
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AN

0.0102

0.04876

0.21

MS,.

MS,

0.1900

0.04876

=3.90

MS;,
(Folac =

MS,

0.1900

0.04876

=3.90

M SABC

(Fo)agc = VIS,

0.1496

0.04876

=3.07
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A9 2 1 ANTeNTAATIEiANNUL U

Source of Sum of Degree of Mean

Variance Squares Freedom Squares Fo

A: Rake angle 4.8896 1 4.8896 100.27
B: Feed 62.1075 1 62.1075 1273.73
C: Depth 2.5576 1 2.5576 52.45
AB .0102 1 .0102 0.21
AC .1900 1 .1900 3.90
BC .1900 1 1900 3.90
ABC 1496 1 1496 3.07
Total error 1.9507 40 .04876

Total (corr.) 72.0450 47

A9 2 2 ANT19NTIATIERANULsU U uamanaR ldannTisunsa Statgraphics Plus

for Windows (Version 4)

Analysis of Variance for Roughness

Source Bum of Soquares Lt Mean Soquare F-Ratio P-Wall
A:Bake angle 4. 88963 1 4. 88963 100,26

E:Feead &E.1075 1 GE.1075 17350

C:Depth Z.E8E7E3 1 Z.EBE7E3 EE. 44 .

AR .0lozog3 1 .0lozogs S B T
AL l30o0s 1 . lz0oo0s 3.90 . B!
EC lz0oos 1 .l30oo0s 3.90 . B!
ARC 149833 1 149833 2.07 L&
Total error 1.925077 40 _Oda7e9z

Total {(corr.) Fz._ 0454 47

B-=sruared = 3L EZ3E3 percent

B-=zrquared (adjusted for d.f.) = 24_8185 percent

The Statbhdvisor

HaANAUIINANWNTURAT Lia1nnslEld sunsa Statgraphics Plus for Windows

(Version 4)
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The Effect model 414151 Three — Factor factorial A8

Y = U+ T+ By (T, + T+ (P,
i=1,2...,a
j=1,2.,b

(TP + &

k=12..,c¢
I=1,2....n

T : Treatment Effect 184A1 Rake Angle

,B/ . Treatment Effect 994A1 Feed

¥, : Treatment Effect 284/ Depth
(TIB),./ . Treatment Effect 484AN Interaction 9541149 Rake Angle UagAn Feed
(TY), : Treatment Effect 284A" Interaction 1211419 Rake Angle Laz Depth

(5%, : Treatment Effect 2841 Interaction 331374 Feed WwazA1 Depth

(T,B}O,./k : Treatment Effect 2849A1 Interaction 22119149 Rake Angle, Feed, Uay

AN Depth

o day
annAzUlinaaey

0

T, =7,=0

: Atleastone 7, #0

: ﬁ1 :ﬂz =0

. At least oneﬂ/ #0

Y, =), =0

. Atleastone ¥, #0
(7)), =0 ynAed|, |
. At least one (Tﬂ),./ #0
L (TY, =0 NN, K
. Atleastone (7)), #0
L (BY, =0 wnAtesj k
. Atleast one (ﬁjo/k #0
: (TPY, =0 unevesi, j, k

. Atleast one (Tﬁjo,/k #0
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1. Model adequacy Checking

Residual Plot for Roughness (Ra)

4 FT T T T T 0O T—]
r o O o ]
L O O .
2 o | o = —
= C O 0 o O ]
8 C Og o = O op O o ]
ho] | m — n m |

o= =} = o O
8 [ oo o ]
- D -
— s o O | ] a |:||:| o ]
- C O i
L o 0 o [m} u| ]
N ] i
-.4 —1 1 1 D 1 1 D 1—1
10 20 30 40 50

run number

nwtlsznaudl 1 1 psaseuaNiludaszaesdeys

Normal Probability Plot for Residuals (Rj)

999 T T T T T—]

percentage

37 17 03 23 43
residuals

ﬂ’]‘Wﬂ?Zﬂ’ﬂ‘Uﬁ a2 ﬁ]i")@@ﬂﬂﬂ’]?ﬂﬁ‘:ﬂ’]ﬂ‘ﬂ@ﬂ‘ﬁ@ﬁﬁlﬂL‘ﬂuLL‘LILI Normal



Residual Plot for Roughness (E.,}

4 _m T T T T T
2 o
2k E—_
= C O]
= [ -
o
S e E_
g g ]
-2
-8 E:
_.4 __EI 1 1 1 1 I__
40 44 48 52 56 60
Rake angle
Aﬂl dl 1
ANUIZNALN 2 3 AFTARAALANNAINTAIATAINLLT199189 Rake Angle
Residual Plot for Roughness (E.}
4 _m T T T T T T
-5 0
L 0O -
2 H
E O E
: [ -
(D] - _
2 rH ]
-2 __E E__
-4 5 . . . . . E—_
8 9 10 11 12 13 14
Feed
AsLnaLf A 4 AFIRRALAINAINTBIATIANNLLITLTIUARG Feed
Residual Plot for Roughness (F.a)
.4 __E T T T T D__
Co ]
o F B
= r 0]
EI: £
©n - H_
e o= ]
-2 [ E_
_.4 __E 1 1 1 1 I__
1.5 1.7 1.9 2.1 2.3 2.5
Depth

Awdsznauil 2 5 MPIA8aLANNAINTEIANLLTUTINLEY Depth
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Standardized Pareto Chart for Roughness (Ra)

B:Feed
A:Rake angle
C:Depth

BC

AC

ABC

AB

10 20 30 40
Standardized effect

A lszneud 1 6 Standardized Pareto Chart for Roughness

fladeninasiaaNagnssiuin ldananis Aa Adnsnistlau(Feed) yuweluda
(Rake Angle) wazAanuanlunisin (Depth) 91 Interaction seudnsiladelifinamamnqns
FRAINYFUITNURGN sxduidAtywiniu 0.05

2. Main Effects Plot for Roughness

Main Effects Plot for Roughness (Ra)

6.1 F —

4.9 \ /

45 —
4.1 F .

Roughness

37 & =
40.0 60.0 8.0 14.0 1.5 2.5
Rake angle Feed Depth

A nlsEneud @ 7 Main Effects Plot for Roughness

WWarn Feed wavpn Depth tasuuiadann 8.0 8.4 i 14 w/anduay 1.5 A, 1w 2.5

%

uu. Az WANAuagEsr e liWs AU willladn Rake Angle ilaauuilasann 40 aamn

13
=

\{u 60 891 Az ldAANagsE LR anas
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Interaction Plot for Roughness (Ra)

“F +\ .
5.8 - n I

%)
& 53| + .
‘g -\
o0 48 - + —
g 4.3
~ ' - i +

3.8 - \ i

33 & - - =

40.0 60.0 40.0 60.0 8.0 14.0
AB AC BC

A wlsznaud a 8 Interaction Plot for Roughness

|
A I

A115UAN Feed 71 14 17 (High Level) WiaAn Rake Angle iwaguuilasann 40 890

1
=

i 60 B9/ axinliANagITEinanas wazANanas INARLNALAT Feed M1 8 W./uN7
(Low Level) WaAn Rake Angle \aguudasain 40 a9 1w 60 29A1 LiwAaiuAn

Depth WAANUUITRAUNNTL 1HaAT Feed wanuuilasann 8 w./ani il 14 wani

Contours of Estimated Response Surface (Ra)
Dleptlh=2:0

BPE—— T L e Roughness
E i — 33
13 E 3 — 36
12 & 4 — 3.9
= E ] 4.2
8 UE 4 — 45
~ F 4 — 438
10 = 4 — 5.1
9 F 3 5.4
E / 4 — 57
8B e e 6.0
40 44 48 52 56 60 — 63
Rake angle

A ndsenau a 9 Contours of Estimate Response Surface

Contour lines HANHMLAAUTNATILATIUIUTU WAAYIN Interaction $¥1379AN Feed

Rake Angle uaz Depth Tiinasinmauagaseiuiiall
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Estimated Response Surface
Depth=2.0

Roughness (R,)

Rake angle

A wilszneud a 10 Estimate Response Surface

AN NURL IHANINTIGR 1WaAY Feed HAWINTL 14 N./WW (High Level) Rake
Angle Winiu 40 29A1 (low Level) waz Depth RANWNAL 2.5 Ni. (High Level) d91A31x
25z NUEN AN TasNga 1aA Feed HANWINL 8 147 (Low Level) Rake Angle 1in

11 60 24/ (High Level) waz Depth HANINAL 1.5 N, (Low Level)



NMANWIN 1 2 NMTAATzinan1Inaaesnawi 1 laaldlilsunsy Statgraphics Plus for

[ 1

Windows Version4” 4pA1 R, uiaandeuldd (45°)

1. Model adequacy Checking

Residual Plot for Roughness (E.)
4 FT T I T T T ™
r o o ]
L ] o o H o ]
2 - O ]
— < o ] O o i
< L i
o (] aog
< - 0 H ]
3 r o o o oo o )
= [ O u} u} T
C o ]
-2 i ] O . o o ] ]
L O O .
C O 0 oo
-.4 1 1 1 1 1 11—
10 20 30 40 50

run number

ndszneud a 11 asaseuaNitiugaszaasieya

Normal Probability Plot for Residuals (F.)
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=35 -.15 .05 25 45
residuals
ﬂ']‘W‘]J?Zﬂ’PJ‘LIﬁ €112 W?Q’Q@ﬂ‘]_lﬂq?ﬂ?:ﬂ’mﬂﬂﬂ%ﬂﬁgljﬂL‘ﬂuLL‘LI‘LI Normal
Residual Plot for Roughness (Fa)
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3 f

-2 _—E E__

C o B ]

-4 o .

N
=)

44

48

Rake angle

52

56

[ B
(=}

A ndsznauil 2 13 ATadeUANNAIIeIAANLLTLFIUT9 Rake Angle
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Residual Plot for Roughness (E..}

4 _—|:| '—_
- B
< - 4
E { ik
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2 [ 2
"B Ch
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Feed
ﬂ’]Wﬂ?Zﬂ@Uﬁ 914 l?l'a")@@'ﬂ‘].lﬂ')’mﬂ\‘iﬁ%ﬂ\?ﬂl’]ﬂ’l’]ﬂuﬂ?ﬂ?fluﬂ@ﬂ Feed
Residual Plot for Roughness (E.,)
4 F7 ' u=
CH B
— 2 F8 =
< L i
E i &
1] a: H -
— - |
2 _—ﬁ E—_
B 5
-.4 —1 1 1 1 1 1]

—_
w
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1.9 2.1 23
Depth

g
n

ANUsTnau 2 15 MTRdaLANAINYIeIANANLLTUTINLeY Depth

Standardized Pareto Chart for Roughness (Fa)

B:Feed
A:Rake angle
C:Depth

AB

BC

AC

ABC

4 8 12 16 20 24
Standardized effect

A nlsnaud 1 16 Standardized Pareto Chart for Roughness
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fladeninasiannagnsenuinlfanani ha ArdnsnisilawFeed) yuweluin(Rake

%

Angle) BazANNANTUN1IAR (Depth) @94 Interaction seudnatladelsidnasaniusanlIy

o |

2329 NUHIN sAUTA ATy 0.05
2. Main Effects Plot for Roughness

Main Effects Plot for Roughness (E.)

43 F =
) 4 7]
b
ﬁ 3.7 — / —
=
=
2 34 - -
~
3.1 -
28 & =
40.0 60.0 8.0 14.0 1.5 2.5
Rake angle Feed Depth

A lszneu @ 17 Main Effects Plot for Roughness

WaA Feed wazAn Depth LAguudadann 8.0 N4 i 14 N./Anuay 1.5 Nal.
flu 2.5 wn. azildAnanagssiuia Wiinay uwiliedn Rake Angle ilaguuiasann

40 2961 11U 60 a9An azvinliANANagTIEANLRS [Tanas

Interaction Plot for Roughness (R}

63 F +\ n =]
5.8 " - 4

w
5 53 | + _
‘E -\
o0 48 + —
8 4.3
a7 ' - ) ¥

3.8 \ -

33 & N B —

40.0 60.0 40.0 60.0 8.0 14.0
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A nlsEneud 1 18 Interaction Plot for Roughness
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|
A 1

A1UFUAN Feed 71 14 /a7 (High Level) 1iaA Rake Angle iaguuilasann 40 9N

flu 60 a9 azildianinegssiionnas uazAanadlndmnesiuA Feed N 8 W/
zﬂl 1 QII 3| 1 a o 1

(Low Level) Wap1 Rake Angle Laguudasain 40 asfn 1w 60 a9/ CULALATLAN

Depth WAANAUITRAUNNTL 1HaAT Feed WWanuuilasann 8 w./uni il 14 wanm

Contours of Estimated Response Surface
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Awdsznaud 2 19 Contours of Estimate Response Surface
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Andsenaud a 20 Estimate Response Surface
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1
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q

iU 60 29/ (High Level) kaz Depth AANYNHTL 1.5 Nil. (Low Level)



nMANWIN 2 3 NMTATzinan1Imaaesnawi 1 lagldlilsunsy Statgraphics Plus for

Windows Version 4 4aA1 R, uuasui@auld (0°)

1. Model adequacy Checking
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residual
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nndszneud a 22 nsnszanadeyauuy Normal
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Rake angle

A nsEneud 1 23 m3radauAINLLTLI91a8 Rake Angle
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Residual Plot for Roughness (E.,}
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2. Standardized Pareto Chart for Roughness

Standardized Pareto Chart for Roughness (E.}

B:Feed
C:Depth
A:Rake angle
AB

BC

AC

ABC

20 40 60 80 100
Standardized effect

A nlsneud a 26 Standardized Pareto Chart for Roughness
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fladeninasiannagnsenuinlfanani ha ArdnsnisilawFeed) yuweluin(Rake

%

Angle) BazANNANTUN1IAR (Depth) @94 Interaction seudnatladelsidnasaniusanlIy

o |

2329 NUHIN s AUTIAATYWINTL 0.05

3. Main Effects Plot for Roughness

Main Effects Plot for Roughness (R}
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Interaction Plot for Roughness (E.)
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A nlsEneud 1 28 Interaction Plot for Roughness
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|
A 1

A1UFUAN Feed 71 14 /a7 (High Level) 1iaA Rake Angle iaguuilasann 40 9N
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zﬂl 1 QII 3| 1 a o 1
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MANWIN 2 4 NFeTzinanimeaesnaun 1 tealdllsinsu Statgraphics Plus for

Windows Version 4 4aA1 R, waan9i@auled (90°)

1. Model adequacy Checking
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Residual Plot for Roughness iF)
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fladeninasiaaNagnssiuin lfananis Ae Adnsnistlau(Feed) yuweluda
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Main Effects Plot for Roughness (Ey)
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Residual Plot for Roughness (Ft)
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1. Model adequacy Checking
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1. Model adequacy Checking
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Residual Plot for Roughness (Fams)
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1. Model adequacy Checking
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Residual Plot for Roughness (Fams)
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1. Model adequacy Checking

Residual Plot for Roughness (Fams)
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Residual Plot for Roughness (Fams)
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