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���	�� T ����U/���VBW����
������	
�� 1
���	�� T 1 ����U/���VBW����
������	
�� 1 ����;� Ra Q	�
�	/R�-H	0*1 (90°)
Estimate �;� Main Effect  T�����QZ� A

A =      [a \ (1) + ab \ b + ac \ c + abc \ bc]

                                        =        [17.84\23.27+33.09\36.83+22.79\25.37+35.19\38.76]

                                        =        (-15.32)

   =  -0.6383

        Estimate �;� Main Effect  T�����QZ� B

B =      [b + ab + bc + abc \ (1) \ a  \ c \ ac]

B =        [36.83+33.09+38.76+35.19\23.27\17.84\25.37\22.79]

B =      (54.6)

   =  2.275

        Estimate �;� Main Effect  T�����QZ� C

C =      [c + ac + bc + abc \ (1) \ a \ b \ ab]

C =        [25.37+22.79+38.76+35.19\23.27\17.84\36.83\33.09]

C =      (11.08)

1
4n

1
4n

 1
4n

1
4(6)
1
24

1
4(6)
1
24

1
4(6)
1
24
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   =  0.4617
        Estimate �;� Interaction Effect  �VB�;�����QZ� A  Q�V B

          AB =      [ab \ a \ b + (1) + abc \ bc \ ac + c]

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

          AB =      (0.7)

   =  0.0292

        Estimate �;� Interaction Effect  �VB�;�����QZ� A  Q�V C

          AC =      [(1) \ a + b \ ab \ c + ac \ bc + abc]

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

          AC =      (3.02)

   =  0.1258
        Estimate �;� Interaction Effect  �VB�;�����QZ� B  Q�V C

          BC =      [(1) + a \ b \ ab \ c \ ac + bc + abc]

          BC =        [23.27+17.84\36.83\33.09\25.37\22.79+38.76+35.19]

          AC =      (-3.02)

   =  -0.1258

1
4n

1
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1
4n
1
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1
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        Estimate �;� Interaction Effect  �VB�;�����QZ� A, B Q�V C

        ABC =      [abc \ bc \ ac + c \ ab + b + a \ (1)]

      ABC =        [35.19\38.76\22.79+25.37\33.09+36.83+17.84\23.27]

        ABC =      (-2.68)

    =  -0.1117

�;�  Sum of Squares  Total

SST =  ∑∑∑ Yijk  \

    = (4.212+3.872+4.202+ d +5.722) \ (233.14 )2

    = 1204.4258 \ 1132.3804
    = 72.0454

���                      SS =      

/	,�������;� Degree of Freedom T�� Factor Effect  A, B, C, AB, AC, BC, Q�V ABC *��
�;�/
;���� 1 ���	�-	�V0�1�

�;�                     SSA =   MSA  =     

    = 4.8896

1
4n
1
4(6)
1
24

a   b   c  n
i=1j=1k=1

2   Y�
8(n)

2

8(6)

(Contrast)2

     8(n)

(-15.32)2

    8(6)
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�;�                     SSB =   MSB  =     

    = 62.1075

�;�                     SSC =   MSC  =     

  = 2.5576

�;�                     SSAB =   MSAB  =     

     = 0.0102

�;�                     SSAC =   MSAC  =     

    = 0.1900

�;�                     SSBC =   MSBC  =     

  = 0.1900

�;�                    SSABC=   MSABC  =     

    = 0.1496
        SSE   = SST \ SSA \ SSB \ SSC \ SSAB \ SSAC \ SSBC \ SSABC

        SSE   = 72.0451\4.8896\62.1075\2.5576\0.0102\0.1900\0.1900\
                                             0.1496

    = 1.9506

  (54.6)2

    8(6)

 (11.08)2

    8(6)

   (0.7)2

    8(6)

  (3.02)2

    8(6)

(-3.02)2

    8(6)

(-2.68)2

    8(6)
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�;�                     MSE  =

=     

                             =  0.04876  

�;�                     (F0)A =     

=     

                                   = 100.27   

�;�                     (F0)B =

=     

                                   = 1273.73   

�;�                     (F0)C =

=     

                                   = 52.45

     SSE

    8(n\1)

  1.9506
    8(5)

MSA

     MSE

4.8896
  0.04876

     MSB

     MSE

   62.1075
   0.04876

     MSC

     MSE

   2.5576
  0.04876
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�;�                   (F0)AB =     

=     

                                   =  0.21

�;�                   (F0)AC =     

=     

                                   = 3.90

�;�                   (F0)BC =

=     

                                   = 3.90

�;�                 (F0)ABC =     

=     

                                   = 3.07   

     MSAB

     MSE

0.0102
  0.04876

     MSAC

     MSE

   0.1900
  0.04876

MSBC

     MSE

0.1900
  0.04876

MSABC

     MSE

0.1496
  0.04876
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�����
�� T 1 ���������U/���VBW���*QZ�Z��	

Source of Sum of Degree of Mean
Variance           Squares Freedom Squares                 F0

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

�����
�� T 2 ���������U/���VBW���*QZ�Z��	 QR���
��0�1���SZ�Q��* Statgraphics Plus
for Windows (Version 4)

�����A�	�j*��;�/
;�����
��0�1������.+1SZ�Q��* Statgraphics Plus for Windows
(Version 4)
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The Effect model RA�B��� Three \ Factor factorial  �,�
Yijkl =  µ + τ i + β j + γ k + (τ β )ij + (τ γ )ik + (β γ )jk

        + (τ β γ )ijk + ε ijkl

S�H
�� τ i :  Treatment Effect T���;� Rake Angle
β j :  Treatment Effect T���;� Feed
γ k :  Treatment Effect T���;� Depth

(τ β )ij :  Treatment Effect T���;� Interaction �VB�;�� Rake Angle Q�V�;� Feed
(τ γ )ik :  Treatment Effect T���;� Interaction �VB�;�� Rake Angle Q�V Depth
(β γ )jk :  Treatment Effect T���;� Interaction �VB�;�� Feed Q�V�;� Depth
(τ β γ )ijk :  Treatment Effect T���;� Interaction �VB�;�� Rake Angle, Feed, Q�V

�;� Depth
R**�Uk�	
��.+1
�R��

        1. H0   :  τ 1  =τ 2  = 0    
H1   :  At least one τ i ≠ 0 

        2. H0   :  β 1  =β 2  = 0    
H1   :  At least one β j ≠ 0

        3. H0   :  γ 1  =γ 2  = 0
H1   :  At least one γ k ≠ 0

        4. H0   :  (τ β )ij = 0    
I��;�T�� i, j
H1   :  At least one (τ β )ij ≠ 0

        5. H0   :  (τ γ )ik = 0    
I��;�T�� i, k
H1   :  At least one (τ γ )ik ≠ 0

        6. H0   :  (β γ )jk = 0    
I��;�T�� j, k
H1   :  At least one (β γ )jk ≠ 0

        7. H0   :  (τ β γ )ijk = 0    
I��;�T�� i, j, k
H1   :  At least one (τ β γ )ijk ≠ 0

i = 1, 2�, a
j = 1, 2�, b
k = 1, 2�, c
l = 1, 2�, n
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1.  Model adequacy Checking

��nZ�V���
�� T 1 ����R�����*/Zo	�UR�VT��T1�*p�

��nZ�V���
�� T 2 ����R�������V��HT��T1�*p�/Zo	Q�� Normal

Normal Probability Plot for Residuals
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��nZ�V���
�� T 3 ����R�����*��
��T���;����*QZ�Z��	T�� Rake Angle

��nZ�V���
�� T 4 ����R�����*��
��T���;����*QZ�Z��	T�� Feed

��nZ�V���
�� T 5 ����R�����*��
��T�����*QZ�Z��	T�� Depth

Residual Plot for Roughness

Rake angle

re
si
du
al

40 44 48 52 56 60
-.4

-.2

.2

.4

Residual Plot for Roughness

Feed

re
si
du

al

8 9 10 11 12 13 14
-.4

-.2

.2

.4

Residual Plot for Roughness

Depth

re
si
du

al

1.5 1.7 1.9 2.1 2.3 2.5
-.4

-.2

.2

.4



125

��nZ�V���
�� T 6 Standardized Pareto Chart for Roughness

Zr���H
��*���;����*T�IT�Vn,-	U�0*1H��n��� �,� �;���������Zs�	(Feed)  *I*/�H.�*��
(Rake Angle) Q�V���*���.	������ (Depth) R;�	 lnteraction �VB�;��Zr���H0*;*���;����*
�;����*T�IT�Vn,-	U�
�� �V���	�HRA���t/
;���� 0.05
        2.  Main Effects Plot for Roughness

��nZ�V���
�� T 7 Main Effects Plot for Roughness

/*,���;� Feed Q�V�;� Depth /Z���H	QZ����� 8.0 *./	�
� /Zo	 14 *./	�
�Q�V 1.5 **. /Zo	 2.5
**. �V
A�.B1�;����*T�IT�Vn,-	U�0*1/nU�*T�-	 Q�;/*,���;� Rake Angle /Z���H	QZ����� 40 ��L�
/Zo	 60 ��L� �V
A�.B1�;����*T�IT�Vn,-	U�0*1����

Standardized Pareto Chart for Roughness

Standardized effect
10 20 30 40
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C:Depth
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��nZ�V���
�� T 8 Interaction Plot for Roughness

RA�B����;� Feed 
�� 14 */	�
� (High Level) /*,���;� Rake Angle /Z���H	QZ����� 40 ��L�
/Zo	 60 ��L� �V
A�.B1���*T�IT�VU����� Q�V�;�
������.��1��H�����;� Feed 
�� 8 *./	�
�
(Low Level) /*,���;� Rake Angle /Z���H	QZ����� 40 ��L� /Zo	 60 ��L� /+;	/��H�����;�
Depth Q�;���*T�IT�VU�/nU�*T�-	 /*,���;� Feed /Z���H	QZ����� 8 *./	�
� /Zo	 14 *./	�
�

��nZ�V���
�� T 9 Contours of Estimate Response Surface

        Contour lines *����vjV�;�	T1�����Q�VT	�	��	 QR���;� Interaction �VB�;���;� Feed
Rake Angle Q�V Depth  0*;*���;����*T�IT�Vn,-	U�0*1�
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��nZ�V���
�� T 10 Estimate Response Surface

���*T�IT�Vn,-	U�0*1*��;�*��
��RI� /*,���;� Feed *��;�/
;���� 14 *./	�
� (High Level) Rake
Angle /
;���� 40 ��L� (low Level) Q�V Depth *��;�/
;���� 2.5 **. (High Level) R;�	���*
T�IT�Vn,-	U�0*1*��;�	1�H
��RI� /*,���;� Feed *��;�/
;���� 8 *./	�
� (Low Level) Rake Angle /
;�
��� 60 ��L� (High Level) Q�V Depth *��;�/
;���� 1.5 **. (Low Level)

Estimated Response Surface
Depth=2.0
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���	�� T 2 ����U/���VBW����
������	
�� 1 S�H.+1SZ�Q��* Statgraphics Plus for
Windows Version4w  ����;� Ra Q	�T���/R�-H	0*1 (45°)
1.  Model adequacy Checking

��nZ�V���
�� T 11 ����R�����*/Zo	�UR�VT��T1�*p�

��nZ�V���
�� T 12 ����R�������V��HT��T1�*p�/Zo	Q�� Normal

��nZ�V���
�� T 13 ����R�����*��
��T���;����*QZ�Z��	T�� Rake Angle

Residual Plot for Roughness
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��nZ�V���
�� T 14 ����R�����*��
��T���;����*QZ�Z��	T�� Feed

��nZ�V���
�� T 15 ����R�����*��
��T���;����*QZ�Z��	T�� Depth

��nZ�V���
�� T 16 Standardized Pareto Chart for Roughness

Residual Plot for Roughness
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Zr���H
��*���;����*T�IT�Vn,-	U�0*1H��n��� �,� �;���������Zs�	(Feed)  *I*/�H.�*��(Rake
Angle) Q�V���*���.	������ (Depth) R;�	 lnteraction �VB�;��Zr���H0*;*���;����*�;����*
T�IT�Vn,-	U�
�� �V���	�HRA���t/
;���� 0.05

2. Main Effects Plot for Roughness

��nZ�V���
�� T 17 Main Effects Plot for Roughness

/*,���;� Feed Q�V�;� Depth /Z���H	QZ����� 8.0 *./	�
� /Zo	 14 *./	�
�Q�V 1.5 **.
/Zo	 2.5 **. �V
A�.B1�;����*T�IT�Vn,-	U�0*1/nU�*T�-	 Q�;/*,���;� Rake Angle /Z���H	QZ�����
40 ��L� /Zo	 60 ��L� �V
A�.B1�;����*T�IT�Vn,-	U�0*1����

��nZ�V���
�� T 18 Interaction Plot for Roughness
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RA�B����;� Feed 
�� 14 */	�
� (High Level) /*,���;� Rake Angle /Z���H	QZ����� 40 ��L�
/Zo	 60 ��L� �V
A�.B1���*T�IT�VU����� Q�V�;�
������.��1��H�����;� Feed 
�� 8 *./	�
�
(Low Level) /*,���;� Rake Angle /Z���H	QZ����� 40 ��L� /Zo	 60 ��L� /+;	/��H�����;�
Depth Q�;���*T�IT�VU�/nU�*T�-	 /*,���;� Feed /Z���H	QZ����� 8 *./	�
� /Zo	 14 *./	�
�

��nZ�V���
�� T 19 Contours of Estimate Response Surface

Contour lines *����vjV�;�	T1�����Q�VT	�	��	 QR���;� Interaction �VB�;���;� Feed
Rake Angle Q�V Depth  0*;*���;����*T�IT�Vn,-	U�0*1�

��nZ�V���
�� T 20 Estimate Response Surface

���*T�IT�Vn,-	U�0*1*��;�*��
��RI� /*,���;� Feed *��;�/
;���� 14 *./	�
� (High Level) Rake
Angle /
;���� 40 ��L� (low Level) Q�V Depth *��;�/
;���� 2.5 **. (High Level) R;�	���*
T�IT�Vn,-	U�0*1*��;�	1�H
��RI� /*,���;� Feed *��;�/
;���� 8 *./	�
� (Low Level) Rake Angle /
;�
��� 60 ��L� (High Level) Q�V Depth *��;�/
;���� 1.5 **. (Low Level)
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���	�� T 3 ����U/���VBW����
������	
�� 1 S�H.+1SZ�Q��* Statgraphics Plus for
Windows Version 4 ����;� Ra Q	���*/R�-H	0*1 (0°)
1.  Model adequacy Checking

��nZ�V���
�� T 21 ����R�����*/Zo	�UR�VT��T1�*p�

��nZ�V���
�� T 22 �����V��HT1�*p�Q�� Normal

��nZ�V���
�� T 23 ����R�����*QZ�Z��	T�� Rake Angle

Residual Plot for Roughness
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��nZ�V���
�� T 24 ����R�����*��
��T���;����*QZ�Z��	T�� Feed

��nZ�V���
�� T 25 ����R�����*��
��T���;����*QZ�Z��	T�� Depth

2.  Standardized Pareto Chart for Roughness

��nZ�V���
�� T 26 Standardized Pareto Chart for Roughness
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Zr���H
��*���;����*T�IT�Vn,-	U�0*1H��n��� �,� �;���������Zs�	(Feed)  *I*/�H.�*��(Rake
Angle) Q�V���*���.	������ (Depth) R;�	 lnteraction �VB�;��Zr���H0*;*���;����*�;����*
T�IT�Vn,-	U�
�� �V���	�HRA���t/
;���� 0.05

3.  Main Effects Plot for Roughness

��nZ�V���
�� T 27 Main Effects Plot for Roughness

/*,���;� Feed Q�V�;� Depth /Z���H	QZ����� 8.0 *./	�
� /Zo	 14 *./	�
�Q�V 1.5 **.
/Zo	 2.5 **. �V
A�.B1�;����*T�IT�Vn,-	U�0*1/nU�*T�-	 Q�;/*,���;� Rake Angle /Z���H	QZ�����
40 ��L� /Zo	 60 ��L� �V
A�.B1�;����*T�IT�Vn,-	U�0*1����

��nZ�V���
�� T 28 Interaction Plot for Roughness

Main Effects Plot for Roughness
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RA�B����;� Feed 
�� 14 */	�
� (High Level) /*,���;� Rake Angle /Z���H	QZ����� 40 ��L�
/Zo	 60 ��L� �V
A�.B1���*T�IT�VU����� Q�V�;�
������.��1��H�����;� Feed 
�� 8 *./	�
�
(Low Level) /*,���;� Rake Angle /Z���H	QZ����� 40 ��L� /Zo	 60 ��L� /+;	/��H�����;�
Depth Q�;���*T�IT�VU�/nU�*T�-	 /*,���;� Feed /Z���H	QZ����� 8 *./	�
� /Zo	 14 *./	�
�

��nZ�V���
�� T 29 Contours of Estimate Response Surface

        Contour lines *����vjV�;�	T1�����Q�VT	�	��	 QR���;� Interaction �VB�;���;� Feed
Rake Angle Q�V Depth  0*;*���;����*T�IT�Vn,-	U�0*1�

��nZ�V���
�� T 30 Estimate Response Surface

���*T�IT�Vn,-	U�0*1*��;�*��
��RI� /*,���;� Feed *��;�/
;���� 14 *./	�
� (High Level)
Rake Angle /
;���� 40 ��L� (low Level) Q�V Depth *��;�/
;���� 2.5 **. (High Level) R;�	
���*T�IT�Vn,-	U�0*1*��;�	1�H
��RI� /*,���;� Feed *��;�/
;���� 8 *./	�
� (Low Level)

Estimated Response Surface
Depth=2.0

Rake angle
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ou
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ne
ss
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���	�� T 4 ����U/���VBW����
������	
�� 1 S�H.+1SZ�Q��* Statgraphics Plus for
Windows Version 4 ����;� Rt Q	�T���/R�-H	0*1 (90°)
1.  Model adequacy Checking

��nZ�V���
�� T 31 ����R�����*/Zo	�UR�VT��T1�*p�

��nZ�V���
�� T 32 ����R�������V��HT��T1�*p�Q�� Normal

��nZ�V���
�� T 33 ����R�����*��
��T���;����*QZ�Z��	T�� Rake Angle

Residual Plot for Roughness
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��nZ�V���
�� T 34 ����R�����*��
��T���;����*QZ�Z��	T�� Feed

��nZ�V���
�� T 35 ����R�����*��
��T���;����*QZ�Z��	T�� Depth

��nZ�V���
�� T 36 Standardized Pareto Chart for Roughness

Residual Plot for Roughness
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Standardized Pareto Chart for Roughness

Standardized effect
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C:Depth

A:Rake angle

B:Feed
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Zr���H
��*���;����*T�IT�Vn,-	U�0*1H��n��� �,� �;���������Zs�	(Feed)  *I*/�H.�*��
(Rake Angle) Q�V���*���.	������ (Depth) R;�	 lnteraction �VB�;��Zr���H0*;*���;����*
�;����*T�IT�Vn,-	U�
�� �V���	�HRA���t/
;���� 0.05

��nZ�V���
�� T 37 Main Effects Plot for Roughness

/*,���;� Feed Q�V�;� Depth /Z���H	QZ����� 8.0 *./	�
� /Zo	 14 *./	�
�Q�V 1.5 **. /Zo	 2.5
**. �V
A�.B1�;����*T�IT�Vn,-	U�0*1/nU�*T�-	 Q�;/*,���;� Rake Angle /Z���H	QZ����� 40 ��L�
/Zo	 60 ��L� �V
A�.B1�;����*T�IT�Vn,-	U�0*1����

��nZ�V���
�� T 38 Interaction Plot for Roughness

Main Effects Plot for Roughness
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RA�B����;� Feed 
�� 14 */	�
� (High Level) /*,���;� Rake Angle /Z���H	QZ����� 40 ��L�
/Zo	 60 ��L� �V
A�.B1���*T�IT�VU����� Q�V�;�
������.��1��H�����;� Feed 
�� 8 *./	�
�
(Low Level) /*,���;� Rake Angle /Z���H	QZ����� 40 ��L� /Zo	 60 ��L�

��nZ�V���
�� T 39 Contours of Estimate Response Surface

Contour lines *����vjV�;�	T1�����Q�VT	�	��	 QR���;� Interaction �VB�;���;� Feed Rake
Angle Q�V Depth  0*;*���;����*T�IT�Vn,-	U�0*1�

��nZ�V���
�� T 40 Estimate Response Surface

���*T�IT�Vn,-	U�0*1*��;�*��
��RI� /*,���;� Feed *��;�/
;���� 14 *./	�
� (High Level) Rake
Angle /
;���� 40 ��L� (low Level) Q�V Depth *��;�/
;���� 2.5 **. (High Level) R;�	���*
T�IT�Vn,-	U�0*1*��;�	1�H
��RI� /*,���;� Feed *��;�/
;���� 8 *./	�
� (Low Level)

Contours of Estimated Response Surface
Depth=2.0

Rake angle

Fe
ed

Roughness
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���	�� T 5 ����U/���VBW����
������	
�� 1 S�H.+1SZ�Q��* Statgraphics Plus for
Windows Version 4 ����;� Rt Q	�T���/R�-H	0*1 (45°)
1.  Model adequacy Checking

��nZ�V���
�� T 41 ����R�����*/Zo	�UR�VT��T1�*p�

��nZ�V���
�� T 42 ����R�������V��HT��T1�*p�/Zo	Q�� Normal

��nZ�V���
�� T 43 ����R�����*��
��T���;����*QZ�Z��	T�� Rake Angle

Residual Plot for Roughness
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��nZ�V���
�� T 44 ����R�����*��
��T���;����*QZ�Z��	T�� Feed

��nZ�V���
�� T 45 ����R�����*��
��T���;����*QZ�Z��	T�� Depth

��nZ�V���
�� T 46 Standardized Pareto Chart for Roughness

Residual Plot for Roughness
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Standardized Pareto Chart for Roughness

Standardized effect
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AC

ABC
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A:Rake angle

C:Depth

B:Feed
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Zr���H
��*���;����*T�IT�Vn,-	U�0*1H��n��� �,� �;���������Zs�	(Feed)  *I*/�H.�*��
(Rake Angle) Q�V���*���.	������ (Depth) R;�	 lnteraction �VB�;��Zr���H0*;*���;����*
�;����*T�IT�Vn,-	U�
�� �V���	�HRA���t/
;���� 0.05

��nZ�V���
�� T 47 Main Effects Plot for Roughness

/*,���;� Feed Q�V�;� Depth /Z���H	QZ����� 8.0 *./	�
� /Zo	 14 *./	�
�Q�V 1.5 **.
/Zo	 2.5 **. �V
A�.B1�;����*T�IT�Vn,-	U�0*1/nU�*T�-	 Q�;/*,���;� Rake Angle /Z���H	QZ�����
40 ��L� /Zo	 60 ��L� �V
A�.B1�;����*T�IT�Vn,-	U�0*1����

��nZ�V���
�� T 48 Interaction Plot for Roughness

RA�B����;� Feed 
�� 14 */	�
� (High Level) /*,���;� Rake Angle /Z���H	QZ����� 40 ��L�
/Zo	 60 ��L� �V
A�.B1���*T�IT�VU����� Q�V�;�
������.��1��H�����;� Feed 
�� 8 *./	�
�

Main Effects Plot for Roughness
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(Low Level) /*,���;� Rake Angle /Z���H	QZ����� 40 ��L� /Zo	 60 ��L� /+;	/��H�����;�
Depth Q�;���*T�IT�VU�/nU�*T�-	 /*,���;� Feed /Z���H	QZ����� 8 *./	�
� /Zo	 14 *./	�
�

��nZ�V���
�� T 49 Contours of Estimate Response Surface

        Contour lines *����vjV�;�	T1�����Q�VT	�	��	 QR���;� Interaction �VB�;���;� Feed
Rake Angle Q�V Depth  0*;*���;����*T�IT�Vn,-	U�0*1�

��nZ�V���
�� T 50 Estimate Response Surface

���*T�IT�Vn,-	U�0*1*��;�*��
��RI� /*,���;� Feed *��;�/
;���� 14 *./	�
� (High Level)
Rake Angle /
;���� 40 ��L� (low Level) Q�V Depth *��;�/
;���� 2.5 **. (High Level) R;�	
���*T�IT�Vn,-	U�0*1*��;�	1�H
��RI� /*,���;� Feed *��;�/
;���� 8 *./	�
� (Low Level) Rake
Angle /
;���� 60 ��L� (High Level) Q�V Depth *��;�/
;���� 1.5 **. (Low Level)

Contours of Estimated Response Surface
Depth=2.0

Rake angle

Fe
ed

Roughness
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���	�� T 6 ����U/���VBW����
������	
�� 1 S�H.+1SZ�Q��* Statgraphics Plus for
Windows Version 4 ����;� Rt Q	���*/R�-H	0*1 (0°)
1.  Model adequacy Checking

��nZ�V���
�� T 51 ����R�����*/Zo	�UR�VT��T1�*p�

��nZ�V���
�� T 52 ����R�������V��HT��T1�*p�/Zo	Q�� Normal

��nZ�V���
�� T 53 ����R�����*��
��T���;����*QZ�Z��	T�� Rake Angle

Residual Plot for Roughness

run number

re
si
du
al

10 20 30 40 50
-.7

-.4

-.1

.2

.5

.8

Normal Probability Plot for Residuals
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��nZ�V���
�� T 54 ����R�����*��
��T���;����*QZ�Z��	T���;� Feed

��nZ�V���
�� T 55 ����R�����*��
��T���;����*QZ�Z��	T���;� Feed
2. Standardized Pareto Chart for Roughness

��nZ�V���
�� T 56 Standardized Pareto Chart for Roughness

Residual Plot for Roughness

Depth
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Standardized Pareto Chart for Roughness

Standardized effect
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A:Rake angle

C:Depth

B:Feed
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Zr���H
��*���;����*T�IT�Vn,-	U�0*1H��n��� �,� �;���������Zs�	(Feed)  *I*/�H.�*��
(Rake Angle) Q�V���*���.	������ (Depth) R;�	 lnteraction �VB�;��Zr���H0*;*���;����*
�;����*T�IT�Vn,-	U�
�� �V���	�HRA���t/
;���� 0.05

��nZ�V���
�� 57 Main Effects Plot for Roughness

/*,���;� Feed Q�V�;� Depth /Z���H	QZ����� 8.0 *./	�
� /Zo	 14 *./	�
�Q�V 1.5 **.
/Zo	 2.5 **. �V
A�.B1�;����*T�IT�Vn,-	U�0*1/nU�*T�-	 Q�;/*,���;� Rake Angle /Z���H	QZ�����
40 ��L� /Zo	 60 ��L� �V
A�.B1�;����*T�IT�Vn,-	U�0*1����

��nZ�V���
�� T 58 Interaction Plot for Roughness

Main Effects Plot for Roughness

R
ou

gh
ne
ss

Rake angle
40.0 60.0

Feed
8.0 14.0

Depth
1.5 2.5

22

23

24

25

26

27

Interaction Plot for Roughness

R
ou

gh
ne
ss

AB
40.0 60.0

-

-

+

+

AC
40.0 60.0

-

-

+

+

BC
8.0 14.0

-

-
+

+

20

22

24

26

28



147

RA�B����;� Feed 
�� 14 */	�
� (High Level) /*,���;� Rake Angle /Z���H	QZ����� 40 ��L�
/Zo	 60 ��L� �V
A�.B1���*T�IT�VU����� Q�V�;�
������.��1��H�����;� Feed 
�� 8 *./	�
�
(Low Level) /*,���;� Rake Angle /Z���H	QZ����� 40 ��L� /Zo	 60 ��L� /+;	/��H�����;�
Depth Q�;���*T�IT�VU�/nU�*T�-	 /*,���;� Feed /Z���H	QZ����� 8 *./	�
� /Zo	 14 *./	�
�

��nZ�V���
�� T 59 Contours of Estimate Response Surface

        Contour lines *����vjV�;�	T1�����Q�VT	�	��	 QR���;� Interaction �VB�;���;� Feed
Rake Angle Q�V Depth  0*;*���;����*T�IT�Vn,-	U�0*1�

��nZ�V���
�� 60 Estimate Response Surface
���*T�IT�Vn,-	U�0*1*��;�*��
��RI� /*,���;� Feed *��;�/
;���� 14 *./	�
� (High Level)

Rake Angle /
;���� 40 ��L� (low Level) Q�V Depth *��;�/
;���� 2.5 **. (High Level) R;�	
���*T�IT�Vn,-	U�0*1*��;�	1�H
��RI� /*,���;� Feed *��;�/
;���� 8 *./	�
� (Low Level) Rake
Angle /
;���� 60 ��L� (High Level) Q�V Depth *��;�/
;���� 1.5 **. (Low Level)

Contours of Estimated Response Surface
Depth=2.0

Rake angle

Fe
ed

Roughness
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���	�� T 8 ����U/���VBW����
������	
�� 1 S�H.+1SZ�Q��* Statgraphics Plus for
Windows Version 4 ����;� Rrms Q	�T���/R�-H	0*1 (90°)
1.  Model adequacy Checking

��nZ�V���
�� T 61����R�����*/Zo	�UR�VT��T1�*p�

��nZ�V���
�� T 62 ����R�������V��HT��T1�*p�/Zo	Q�� Normal

��nZ�V���
�� T 63 ����R�����*��
��T���;����*QZ�Z��	T�� Rake Angle

Residual Plot for Roughness

run number
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Normal Probability Plot for Residuals
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��nZ�V���
�� T 64 ����R�����*��
��T���;����*QZ�Z��	T�� Feed

��nZ�V���
�� T 65 ����R�����*��
��T���;����*QZ�Z��	T�� Depth

��nZ�V���
�� T 66  Standardized Pareto Chart for Roughness

Residual Plot for Roughness
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Zr���H
��*���;����*T�IT�Vn,-	U�0*1H��n��� �,� �;���������Zs�	(Feed)  *I*/�H.�*��
(Rake Angle) Q�V���*���.	������ (Depth) R;�	 lnteraction �VB�;��Zr���H0*;*���;����*
�;����*T�IT�Vn,-	U�
�� �V���	�HRA���t/
;���� 0.05

��nZ�V���
�� T 67 Main Effects Plot for Roughness

/*,���;� Feed Q�V�;� Depth /Z���H	QZ����� 8.0 *./	�
� /Zo	 14 *./	�
�Q�V 1.5 **.
/Zo	 2.5 **. �V
A�.B1�;����*T�IT�Vn,-	U�0*1/nU�*T�-	 Q�;/*,���;� Rake Angle /Z���H	QZ�����
40 ��L� /Zo	 60 ��L� �V
A�.B1�;����*T�IT�Vn,-	U�0*1����

��nZ�V���
�� T 68 Interaction Plot for Roughness

Main Effects Plot for Roughness
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RA�B����;� Feed 
�� 14 */	�
� (High Level) /*,���;� Rake Angle /Z���H	QZ����� 40 ��L�
/Zo	 60 ��L� �V
A�.B1���*T�IT�VU����� Q�V�;�
������.��1��H�����;� Feed 
�� 8 *./	�
�
(Low Level) /*,���;� Rake Angle /Z���H	QZ����� 40 ��L� /Zo	 60 ��L�

��nZ�V���
�� T 69 Contours of Estimate Response Surface

        Contour lines *����vjV�;�	T1�����Q�VT	�	��	 QR���;� Interaction �VB�;���;� Feed
Rake Angle Q�V Depth  0*;*���;����*T�IT�Vn,-	U�0*1�

��nZ�V���
�� T 70 Estimate Response Surface

���*T�IT�Vn,-	U�0*1*��;�*��
��RI� /*,���;� Feed *��;�/
;���� 14 *./	�
� (High Level)
Rake Angle /
;���� 40 ��L� (low Level) Q�V Depth *��;�/
;���� 2.5 **. (High Level) R;�	
���*T�IT�Vn,-	U�0*1*��;�	1�H
��RI� /*,���;� Feed *��;�/
;���� 8 *./	�
� (Low Level) Rake
Angle /
;���� 60 ��L� (High Level) Q�V Depth *��;�/
;���� 1.5 **. (Low Level)

Contours of Estimated Response Surface
Depth=2.0

Rake angle

Fe
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���	�� T 9 ����U/���VBW����
������	
�� 1 S�H.+1SZ�Q��* Statgraphics Plus for
Windows Version 4 ����;� Rrms Q	�T���/R�-H	0*1 (45°)
1.  Model adequacy Checking

��nZ�V���
�� T 71 ����R�����*/Zo	�UR�VT��T1�*p�

��nZ�V���
�� T 72 ����R�������V��HT��T1�*p�/Zo	Q�� Normal

��nZ�V���
�� T 73 ����R�����*��
��T���;����*QZ�Z��	T�� Rake Angle

Residual Plot for Roughness
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��nZ�V���
�� T 74 ����R�����*��
��T���;����*QZ�Z��	T�� Feed

��nZ�V���
�� T 75 ����R�����*��
��T���;����*QZ�Z��	T�� Depth

��nZ�V���
�� T 76 Standardized Pareto Chart for Roughness

Residual Plot for Roughness
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Zr���H
��*���;����*T�IT�Vn,-	U�0*1H��n��� �,� �;���������Zs�	(Feed)  *I*/�H.�*��
(Rake Angle) Q�V���*���.	������ (Depth) R;�	 lnteraction �VB�;��Zr���H0*;*���;����*
�;����*T�IT�Vn,-	U�
�� �V���	�HRA���t/
;���� 0.05

��nZ�V���
�� T 77 Main Effects Plot for Roughness

/*,���;� Feed Q�V�;� Depth /Z���H	QZ����� 8.0 *./	�
� /Zo	 14 *./	�
�Q�V 1.5 **.
/Zo	 2.5 **. �V
A�.B1�;����*T�IT�Vn,-	U�0*1/nU�*T�-	 Q�;/*,���;� Rake Angle /Z���H	QZ�����
40 ��L� /Zo	 60 ��L� �V
A�.B1�;����*T�IT�Vn,-	U�0*1����

��nZ�V���
�� T 78 Interaction Plot for Roughness

RA�B����;� Feed 
�� 14 */	�
� (High Level) /*,���;� Rake Angle /Z���H	QZ����� 40 ��L�
/Zo	 60 ��L� �V
A�.B1���*T�IT�VU����� Q�V�;�
������.��1��H�����;� Feed 
�� 8 *./	�
�

Main Effects Plot for Roughness
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(Low Level) /*,���;� Rake Angle /Z���H	QZ����� 40 ��L� /Zo	 60 ��L� /+;	/��H�����;�
Depth Q�;���*T�IT�VU�/nU�*T�-	 /*,���;� Feed /Z���H	QZ����� 8 *./	�
� /Zo	 14 *./	�
�

��nZ�V���
�� T 79 Contours of Estimate Response Surface

        Contour lines *����vjV�;�	T1�����Q�VT	�	��	 QR���;� Interaction �VB�;���;� Feed
Rake Angle Q�V Depth  0*;*���;����*T�IT�Vn,-	U�0*1�

��nZ�V���
�� T 80 Estimate Response Surface

���*T�IT�Vn,-	U�0*1*��;�*��
��RI� /*,���;� Feed *��;�/
;���� 14 *./	�
� (High Level)
Rake Angle /
;���� 40 ��L� (low Level) Q�V Depth *��;�/
;���� 2.5 **. (High Level) R;�	
���*T�IT�Vn,-	U�0*1*��;�	1�H
��RI� /*,���;� Feed *��;�/
;���� 8 *./	�
� (Low Level) Rake
Angle /
;���� 60 ��L� (High Level) Q�V Depth *��;�/
;���� 1.5 **. (Low Level)
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���	�� T 10 ����U/���VBW����
������	
�� 1 S�H.+1SZ�Q��* Statgraphics Plus for
Windows Version 4 ����;� Rrms Q	���*/R�-H	0*1 (0°)
1.  Model adequacy Checking

��nZ�V���
�� T 81 ����R�����*/Zo	�UR�VT��T1�*p�

��nZ�V���
�� T 82 ����R�������V��HT��T1�*p�/Zo	Q�� Normal

��nZ�V���
�� T 83 ����R�����*��
��T���;����*QZ�Z��	T�� Rake Angle

Residual Plot for Roughness
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��nZ�V���
�� T 84 ����R�����*��
��T���;����*QZ�Z��	T�� Feed

��nZ�V���
�� T 85 ����R�����*��
��T���;����*QZ�Z��	T�� Depth

��nZ�V���
�� T 86 Standardized Pareto Chart for Roughness

Residual Plot for Roughness
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Zr���H
��*���;����*T�IT�Vn,-	U�0*1H��n��� �,� �;���������Zs�	(Feed)  *I*/�H.�*��(Rake
Angle) Q�V���*���.	������ (Depth) R;�	 lnteraction �VB�;��Zr���H0*;*���;����*�;����*
T�IT�Vn,-	U�
�� �V���	�HRA���t/
;���� 0.05

��nZ�V���
�� T 87 Main Effects Plot for Roughness

/*,���;� Feed Q�V�;� Depth /Z���H	QZ����� 8.0 *./	�
� /Zo	 14 *./	�
�Q�V 1.5 **.
/Zo	 2.5 **. �V
A�.B1�;����*T�IT�Vn,-	U�0*1/nU�*T�-	 Q�;/*,���;� Rake Angle /Z���H	QZ�����
40 ��L� /Zo	 60 ��L� �V
A�.B1�;����*T�IT�Vn,-	U�0*1����

��nZ�V���
�� T 88 Interaction Plot for Roughness

Main Effects Plot for Roughness
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RA�B����;� Feed 
�� 14 */	�
� (High Level) /*,���;� Rake Angle /Z���H	QZ����� 40 ��L�
/Zo	 60 ��L� �V
A�.B1���*T�IT�VU����� Q�V�;�
������.��1��H�����;� Feed 
�� 8 *./	�
�
(Low Level) /*,���;� Rake Angle /Z���H	QZ����� 40 ��L� /Zo	 60 ��L� /+;	/��H�����;�
Depth Q�;���*T�IT�VU�/nU�*T�-	 /*,���;� Feed /Z���H	QZ����� 8 *./	�
� /Zo	 14 *./	�
�

��nZ�V���
�� T 89 Contours of Estimate Response Surface

        Contour lines *����vjV�;�	T1�����Q�VT	�	��	 QR���;� Interaction �VB�;���;� Feed
Rake Angle Q�V Depth  0*;*���;����*T�IT�Vn,-	U�0*1�

��nZ�V���
�� T 90 Estimate Response Surface

���*T�IT�Vn,-	U�0*1*��;�*��
��RI� /*,���;� Feed *��;�/
;���� 14 *./	�
� (High Level)
Rake Angle /
;���� 40 ��L� (low Level) Q�V Depth *��;�/
;���� 2.5 **. (High Level) R;�	
���*T�IT�Vn,-	U�0*1*��;�	1�H
��RI� /*,���;� Feed *��;�/
;���� 8 *./	�
� (Low Level) Rake
Angle /
;���� 60 ��L� (High Level) Q�V Depth *��;�/
;���� 1.5 **. (Low Level)
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