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4.1  ��	�
��
����
�
���������� 1

�����	
	���
��	���
������
������ �����������
��	���
������� �!""!���
������
!������#�!������$	��
���  %Statgraphics Plus for Windows Version4< �=�����
��>
��?
�=
�
���	
	!���>
�
��	���
������
������ Factorial Design !"" 23 ����=
�
���	
	�DE�����
�
��	���
������� ��F� F-ratio !���=
����"��
���FE���E� 95% ��F��DE����"����>
��J 5%  �>
���
�=
�K�����"�D�
�� (A) �D 2 ����" �F� 60 !�� 40 ��Q
 ��
�
�
�#R���	S��
� (B) �D 2 ����"�F�
14 !�� 8 �./�
�D ��
��X����
�
�� (C) �D 2 ����"�F� 2.5 !��1.5 ��. ��
�"�����#Z��=

��
���K���$FS��	�[��� ���\��
�=
�	�]	$����� (Main Effect) ���
��!#�!
=��
�� �=
�	�]	$�
�=�� (Interaction Effect) ����=
�
��!#� ���
=�[#�DS

      4.1.1  ��
����
�
������
����� ������ Ra ��	�� ����!�"#�$%&�



�
��DE 4.1 ��K#���
������
���DE 1 ����=
 Ra ��!����
���DS��[���
ReplicateA B C Treatment

1 2 3 4 5 6
Total

- - - (1) 4.21 3.87 4.20 3.54 3.93 3.52 23.27
+ - - a 2.87 3.10 2.98 3.01 2.84 3.04 17.84
- + - b 6.16 6.24 6.25 6.26 5.91 6.01 36.83
+ + - ab 5.18 5.78 5.15 5.59 5.50 5.89 33.09
- - + c 3.97 3.99 4.49 4.10 4.20 4.62 25.37
+ - + ac 3.85 3.98 4.01 3.93 3.52 3.50 22.79
- + + bc 6.54 6.59 6.31 6.48 6.54 6.30 38.76
+ + + abc 5.79 5.69 5.80 6.09 6.10 5.72 35.19

yh = 233.14
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�
��DE 4.2 

�
��
��	���
�����
�!#�#��� !������DE[��\
��#�!��� Statgraphics Plus
for Windows (Version 4)

The Effect model �>
���" Three j Factor factorial  �F�

Yijkl  =  µ + τ i + β j + γ k + (τ β )ij + (τ γ )ik + (β γ )jk

        + (τ β γ )ijk + ε ijkl

����DE τ i :  Treatment Effect ����=
 Rake Angle
β j :  Treatment Effect ����=
 Feed
γ k :  Treatment Effect ����=
 Depth

(τ β )ij :  Treatment Effect ����=
 Interaction ����=
� Rake Angle !���=
 Feed
(τ γ )ik :  Treatment Effect ����=
 Interaction ����=
� Rake Angle !�� Depth
(β γ )jk :  Treatment Effect ����=
 Interaction ����=
� Feed !���=
 Depth

(τ β γ )ijk :  Treatment Effect ����=
 Interaction ����=
� Rake Angle, Feed, !��
�=
 Depth

i = 1, 2�, a
j = 1, 2�, b
k = 1, 2�, c
l = 1, 2�, n
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���
	n
��DE�������"
        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    �K��=
��� i, j

H1   :  At least one (τ β )ij ≠ 0
        5. H0   :  (τ γ )ik = 0    �K��=
��� i, k

H1   :  At least one (τ γ )ik ≠ 0
        6. H0   :  (β γ )jk = 0    �K��=
��� j, k

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

H1   :  At least one (τ β γ )ijk ≠ 0

��\
��
��	���
���
\
�

�
��DE 4.2 �>
�
��	���
����DE����"��
���FE���E� 95%��F��DE����"����>
��J α = 0.05

qXE��=
 Fα ,ν 1,ν 2 \
�

�
� F j ratio �DE α = 0.05 \�[���=
 F0.05,1,40  = 4.08  �D��?r��
�
���	��\
�F���
�=
 F j ratio �D�=
�
���=
 Fα ,ν 1,ν 2  \�#s	��] H0 qXE���
��X�
��!#���S� t �D��
=���
�
��K���$FS��	�[����
�$
�


�=
 Rake Angle
\
�

�
��DE 4.2 �=
 F j ratio ��=
��" 100.26 qXE��D�=
�
���=
�=
 F0.05,1,40  = 4.08 !���=


P-value �D�=
�����
�qXE��D�=
������=
�=
 α = 0.05 �����S�\X�#s	��] H0 ������
	n
��DE 1 ��K#
[���=
�=
 Rake Angle �D��
=���
���K���$FS��	�[���
�$
�
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�=
 Feed
\
�

�
��DE 4.2 �=
 F j ratio ��=
��" 1273.50 qXE��D�=
�
���=
�=
 F0.05,1,40  = 4.08 !���=


P-value �D�=
�����
�qXE��D�=
������=
�=
 α = 0.05 �����S�\X�#s	��] H0 ������
	n
��DE 2 ��K#
[���=
�=
 Feed �D��
=���
���K���$FS��	�[���
�$
�


�=
 Depth
\
�

�
��DE 4.2 �=
 F j ratio ��=
��" 52.44 qXE��D�=
�
���=
�=
 F0.05,1,40  = 4.08 !���=


P-value �D�=
�����
�qXE��D�=
������=
�=
 α = 0.05 �����S�\X�#s	��] H0 ������
	n
��DE 3 ��K#
[���=
�=
 Depth �D��
=���
���K���$FS��	�[���
�$
�


�=
 Interaction ����=
� Rake Angle ��"�=
 Feed
\
�

�
��DE 4.2 �=
 F j ratio ��=
��" 0.21 qXE��D�=
������=
�=
 F0.05,1,40  = 4.08 !���=


P-value �D�=
�
���=
�=
 α = 0.05 �����S�\X������" H0 ������
	n
��DE 4 ��K#[���=
�=

Interaction ����=
��=
 Rake Angle ��"�=
 Feed [�=�D��
=���
���K���$FS��	�[���
�$
�


�=
 Interaction ����=
� Rake Angle ��"�=
 Depth
\
�

�
��DE 4.2 �=
 F j ratio ��=
��" 3.90 qXE��D�=
������=
�=
 F0.05,1,40  = 4.08 !���=


P-value �D�=
�
���=
�=
 α = 0.05 �����S�\X������" H0 ������
	n
��DE 5 ��K#[���=
�=

Interaction ����=
��=
 Rake Angle ��"�=
 Depth [�=�D��
=���
���K���$FS��	�[���
�$
�


�=
 Interaction ����=
� Feed ��"�=
 Depth
\
�

�
��DE 4.2 �=
 F j ratio ��=
��" 3.90 qXE��D�=
������=
�=
 F0.05,1,40  = 4.08 !���=


P-value �D�=
�
���=
�=
 α = 0.05 �����S�\X������" H0 ������
	n
��DE 6 ��K#[���=
�=

Interaction ����=
��=
 Feed ��"�=
 Depth [�=�D��
=���
���K���$FS��	�[���
�$
�


�=
 Interaction ����=
� Rake Angle, Feed, !�� Depth
\
�

�
��DE 4.2 �=
 F j ratio ��=
��" 3.07 qXE��D�=
������=
�=
 F0.05,1,40  = 4.08 !���=


P-value �D�=
�
���=
�=
 α = 0.05 �����S�\X������" H0 ������
	n
��DE 7 ��K#[���=
�=

Interaction ����=
��=
 Rake Angle, Feed, !�� Depth [�=�D��
=���
���K���$FS��	�[���
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v
$#����"�DE 4.1 Main Effects Plot for Roughness

\
�v
$#����"�DE 4.1 $"�=
 ��FE��=
�K�����"�D�
���#�DE��!#��\
� 40 ��Q
 �#Z� 60
��Q
 \��>
����=
��
���K���$FS��	�[������ !
=��FE��=
��
�
�
�#R���	S��
�!����
��X����
�

���#�DE��!#��\
� 8.0 �/�
�D �#Z� 14.0 �/�
�D !�� 1.5 ��. �#Z� 2.5 ��. 

��>
��" \��>
���
�=
��
���K���$FS��	�[���$	E��XS�

v
$#����"�DE 4.2 Contours of Estimate Response Surface

\
�v
$#����"�DE 4.2 $"�=
 Contour Lines �D���x?�
��!����
���� !����=
�=

Interaction ����=
��=
 Rake Angle, Feed, !���=
 Depth [�=�D��
=���
���K���$FS��	�[���

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

3.7

4.1

4.5

4.9

5.3

5.7

6.1

Contours of Estimated Response Surface
Depth=2.0

Rake angle

Fe
ed

Roughness
3.3
3.6
3.9
4.2
4.5
4.8
5.1
5.4
5.7
6.0
6.340 44 48 52 56 60

8

9

10

11

12

13

14

 (Ra)

(Ra)

(R a
)
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v
$#����"�DE 4.3 Estimate Response Surface

\
�v
$#����"�DE 4.3 $"�=
 �=
��
���K���$FS��	�[���D�=
�
��DE�K� ��FE��=
 Rake Angle �D�
�=
 40 ��Q
 (Low Level) �=
 Feed �D�=
 14 �./�
�D (High Level) !���=
 Depth �D�=
 2.5 ��.
(High Level) �=���=
��
���K���$FS��	�[���D�=
�����K�          ��FE� Rake Angle   �D�=
 60 ��Q

(High Level) �=
 Feed �D�=
 8 �./�
�D (Low Level) !���=
 Depth �D�=
 1.5 ��. (Low Level)



�
��DE 4.3 Regression coeffs. For Roughness

4.1.2  �
��	���
������
������ ����=
 Ra ��!����
���DS��[�� (90°)

Estimated Response Surface
Depth=2.0

Rake angle

Feed
R

ou
gh

ne
ss

40 44 48 52 56 60 8 9 10 11 12 13 14
3.3
3.8
4.3
4.8
5.3
5.8
6.3

Regression coeffs. for Roughness
----------------------------------------------------------------------
constant      = 6.05611
A:Rake angle  = -.144319
B:Feed        = .0665278
C:Depth       = -1.75333
AB            = .00793056
AC            = .0535278
BC            = .144167
ABC           = -.00372222
----------------------------------------------------------------------

The StatAdvisor
---------------
   This pane displays the regression equation which has been fitted to
the data.  The equation of the fitted model is

Roughness = 6.05611 - .144319*Rake angle + .0665278*Feed -
1.75333*Depth + .00793056*Rake angle*Feed + .0535278*Rake angle*Depth
+ .144167*Feed*Depth - .00372222*Rake angle*Feed*Depth

where the values of the variables are specified in their original
units.  To have STATGRAPHICS evaluate this function, select
Predictions from the list of Tabular Options.  To plot the function,
select Response Plots from the list of Graphical Options.  

(R a)
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�
��	���
������
����������
�����=
 Ra ��!����
���DS��[�� (45°), ����=
 Ra ��!��


���DS��[���, �
��	���
������
������ ����=
 Rt ��!����
���DS��[���, ����=
 Rt ��!����
�
��DS��[���(45°), ����=
 Rt ��!��

���DS��[���, �
��	���
������
������ ����=
 Rrms ��!����
�
��DS��[���, ����=
 Rrms ��!����
���DS��[�� (45°), ����=
 Rrms ��!��

���DS��[�� �
�����D���
�
�	���
�����S� Rt !�� Rrms !���[����v
����� ���
��	���
�������=
����
���	Q�
���D������F�

��!#��DE�D��
=���
���K���$FS��	�[��  �F��=
��
�
#R���	S��
� �K�����"�D�
��!���=
��
��X���
�
�
�� �=���=
 Interaction ����=
�
��!#�[�=�D��
=���
���K���$FS��	�[�� ��FE��=
�K�����"�D�

���#�DE��!#��\
� 40 ��Q
 �#Z� 60 ��Q
 \��>
����=
��
���K���$FS��	�[������ !
=��FE��=

��
�
�
�#R���	S��
�!����
��X����
�
���#�DE��!#��\
� 8.0 �/�
�D �#Z� 14.0 �/�
�D !��
1.5 ��. �#Z� 2.5 ��. 

��>
��" \��>
����=
��
���K���$FS��	�[���$	E��XS�

 4.2  ��	�
��
����
�
������
����������� 2

\
����
�������"FS��
������S�
���DE 1 $"�=
�=
��
�
#R�� �=
�K�����"�D�
��!���=

��
��X����
�
���D��
=���
���K���$FS��	�[���
�$
�
�DE�=
����"���
�[���D�"��S� ���=��
����K�����"�D�
��$"�=
 #y\\K"���"�D�
���DE�D�
���E�[#�D�=
�K�����"�D�
����=
��" 45 ��Q
 !
=�
���
����
�!
=������
�\���"�K�����"�D�
��

���
��>
�
J���� ���"�K����FE��\��� �����S���
��S�
���DS\X��>
�=
�K�����"�D�
���
QX�x
������$FE��
�=
�K�����DE���
�����"�
�[���D�"[���
�
�$
�
 �
������!���
��	���
������
������ ��������
��	���
������� �!""!���
�
����� (Experimental Design) !������#�!������$	��
���  %Statgraphics Plus for
Windows Version4< �=�����
��>
��?�=
�
���	
	!���>
�
��	���
������
������ Factorial
Design !"" Single Factorial ����=
�
���	
	�DE������
��	���
������� ��F� F-ratio !���=
����"
��
���FE���E� 95% ��F��DE����"����>
��J 5%  
��!#��DE\��>
�
�QX�x
�F��=
�K��������"�D�
��
qXE��D 5 ����"�F� �=
�K���� 40, 45, 50, 55 !�� 60 ��Q
 ��
�"�����#Z��=
��
���K���$FS��	�
[����
�$
�
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        4.2.1  ��
����
�
������
����� ������ Ra ��	�� ����!�"#�$%&�



�
��DE 4.4 ��K#���
������
���DE 2 ����=
 Ra ��!����
���DS��[���
Roughness( µm)  Rake Angle

    (degree) 1 2 3 4 5 6
Total

yi.

Average
yi.

40 6.37 6.34 6.26 6.32 6.30 6.29 37.85 6.313
45 6.14 6.20 6.13 6.19 6.21 6.16 37.14 6.175
50 6.02 6.08 6.04 5.99 5.96 6.02 36.05 6.018
55 5.88 5.85 5.80 5.76 5.81 5.80 34.85 5.817
60 5.45 5.47 5.54 5.56 5.49 5.50 33.02 5.502

                                                                                                     y..= 178.91   y..= 29.82

�=
  Sum of  Squares  Total

SST =  ∑ ∑ Yij  j

                                         = (6.37)2 + (6.34)2 + (6.26)2+h+ (5.50)2  j

                                         = 2.471

SSTreatments =          ∑ Yi.  j

                                         =        [(37.85)2 + (37.14)2+h+(33.02)2] -

                                         = 2.430

a   b

i=1j=1

2   Y�
  N

2

178.912

    30

a

i=1

2   Y�
  N

21
6
1
6

178.912

    30
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 SSE  = SST j SSTreatments

                                          = 2.471 j 2.430
                                          = 0.041

�=
 MSTreatments =                          =

     = 0.607442

�=
                      MSE =                          =

     = 0.00163933

�=
                        F0 =    

�=
                        F0 =    

                                          = 370.54



�
��DE 4.5 

�
��
��	���
�����
�!#�#��� !������DE[��\
��#�!��� Statgraphics Plus
for Windows (Version 4)

  Sum of Degrees of        Mean
Source of Variation       Squares             Freedom             Squares            F0         P-value
Between groups               2.42977                 4              0.607442           370.54      .        0
Within groups               0.0409833               25            0.00163933
Total (corr.)                   2.47075                  29

SSTreatments

    a - 1
 2.42977
    6 - 1

     SSE

    N - a
 0.0409833
    30 - 6

MSTreatments

 MSE

 0.607442
0.00163933
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The Effect model �>
���" Single j Factor factorial  �F�

Yij =  µ + τ i  + ε ij

����DE τ i :  Treatment Effect ����=
 Rake Angle

���
	n
��DE�������"
        1. H0   : µ1  = µ2  = µ3  = µ4 = µ5

             H1   :  µi ≠ µj   for at least one pair (i, j)

��\
��
��	���
���

\
�

�
��DE 4.5 �>
�
��	���
����DE����"��
���FE���E� 95%��F��DE����"����>
��Jα = 0.05
qXE��=
 Fα , a - 1, N - a \
�

�
� F j ratio �DE α = 0.05 \�[���=
 F0.05, 5, 24  = 2.62  �D��?r��
�
���	�
�\�F���
�=
 F j ratio �D�=
�
���=
 Fα , a - 1, N - a \�#s	��] H0 qXE���
��X�
��!#���S� t �D��
=�
��
���K���$FS��	�[����
�$
�


�=
 Rake Angle
\
�

�
��DE 4.5 �=
 F j ratio ��=
��" 370.54 qXE��D�=
�
���=
�=
 F0.05, 5, 24  = 2.62  !���=


P-value �D�=
�����
�qXE��D�=
������=
�=
 α = 0.05 �����S�\X�#s	��] H0 ������
	n
��DE 1 ��K#
[���=
�D��
�!
�
=
��������=
��=
 µ ����=
 Rake Angle 
=���
���K���$FS��	�[���
�$
�


i = 1, 2�, a
j = 1, 2�, n
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v
$#����"�DE 4.4 ��
���
����$��]�����=
���
���K���$FS��	� Ra��"�=
 Rake Angles

\
�v
$#����"�DE 4.4 $"�=
 �=
��
���K���$FS��	�[���D�=
������FE��=
 Rake Angles �D�=

� ��XS� �=
 Rake Angle 60 ��Q
 \��D�=
��
���K���$FS��	�[���D�=
�����DE�K� !���=
 Rake Angle
40 ��Q
 \��D�=
��
���K���$FS��	�[���
��DE�K� ��FE���D�"��"�=
 Rake Angle �DE 45, 50,!�� 55
��Q


        4.2.2  ��
����
�
������
����� ������ Ra ��	�� ����!�"#�$%& (45°°°°)



�
��DE 4.6 

�
��
��	���
�����
�!#�#��� !������DE[��\
��#�!��� Statgraphics Plus
for Windows (Version 4)

  Sum of Degrees of        Mean
Source of Variation       Squares             Freedom             Squares            F0         P-value
Between groups               4.450945               4                 1.12736           583.12      .        0
Within groups               0.00483333              25            0.00193333
Total (corr.)                   4.55779                    29

���%!�%+��,�

��������% 
- 

������%-%��#��%��

5.3
5.4
5.5
5.6
5.7
5.8
5.9

6
6.1
6.2
6.3
6.4
6.5

Rake Angle 40 Rake Angle 45 Rake Angle 50 Rake Angle 55 Rake Angle 60

Su
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��\
��
��	���
���
\
�

�
��DE 4.6 �>
�
��	���
����DE����"��
���FE���E� 95%��F��DE����"����>
��Jα = 0.05

qXE��=
 Fα , a - 1, N - a \
�

�
� F j ratio �DE α = 0.05 \�[���=
 F0.05, 5, 24  = 2.62  �D��?r��
�
���	�
�\�F���
�=
 F j ratio �D�=
�
���=
 Fα , a - 1, N - a \�#s	��] H0 qXE���
��X�
��!#���S� t �D��
=�
��
���K���$FS��	�[����
�$
�


�=
 Rake Angle
\
�

�
��DE 4.6 �=
 F j ratio ��=
��" 583.12 qXE��D�=
�
���=
�=
 F0.05, 5, 24  = 2.62  !���=


P-value �D�=
�����
�qXE��D�=
������=
�=
 α = 0.05 �����S�\X�#s	��] H0 ������
	n
��DE 1 ��K#
[���=
�D��
�!
�
=
��������=
��=
µ ����=
 Rake Angle 
=���
���K���$FS��	�[���
�$
�


v
$#����"�DE 4.5 ��
���
����$��]�����=
���
���K���$FS��	� Ra ���"�=
 Rake Angles

\
�v
$#����"�DE 4.5 $"�=
 �=
��
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for Windows (Version 4)

  Sum of Degrees of        Mean
Source of Variation       Squares             Freedom             Squares            F0         P-value
Between groups            0.83142                     4              0.207855          250.23      .        0
Within groups               0.0207667                 25            0.000830667
Total (corr.)                   0.853187                   29
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for Windows (Version 4)

  Sum of Degrees of        Mean
Source of Variation       Squares             Freedom             Squares            F0         P-value
Between groups           346.491                     4                 86.6278         551.37      .        0
Within groups               3.92758                   25               0.157103
Total (corr.)                  350.419                    29
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for Windows (Version 4)

  Sum of Degrees of        Mean
Source of Variation       Squares             Freedom             Squares            F0         P-value
Between groups           61.5048                     4                 15.3771         133.13      .        0
Within groups               2.88763                   25               0.115505
Total (corr.)                  64.399                      29
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for Windows (Version 4)

  Sum of Degrees of        Mean
Source of Variation       Squares             Freedom             Squares            F0         P-value
Between groups           103.028                     4                 25.7569         624.83      .        0
Within groups               1.03055                   25               0.041222
Total (corr.)                   104.058                   29
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for Windows (Version 4)

  Sum of Degrees of        Mean
Source of Variation       Squares             Freedom             Squares            F0         P-value
Between groups           46.6074                     4                 11.6518         801.51      .        0
Within groups               0.363433                   25               0.0145373
Total (corr.)                   46.9708                    29
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for Windows (Version 4)

  Sum of Degrees of        Mean
Source of Variation       Squares             Freedom             Squares            F0         P-value
Between groups           8.0873                      4                 2.202183         652.48      .        0
Within groups               0.0774667              25               0.00309867
Total (corr.)                   8.16473                  29
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  Sum of Degrees of        Mean
Source of Variation       Squares             Freedom             Squares            F0         P-value
Between groups           1.53351                     4                 0.383378       252.33      .        0
Within groups               0.0379833               25               0.00151933
Total (corr.)                   1.5715                     29
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50 6.02 50.24 8.11 8.0
55 5.82 47.35 7.55 6.0
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