5.1

(a)  Fill in the blanks in the ANOVA table.  You can use bounds on the P-values.

	Two-way ANOVA:  y versus A, B

	Source
	DF
	SS
	MS
	F
	P

	A
	1
	0.0002
	0.0002
	0.00001
	0.998

	B
	3
	180.378
	60.1260
	3.02907
	0.093

	Interaction
	3
	8.479
	2.8263
	0.14239
	0.932

	Error
	8
	158.797
	19.8496
	
	

	Total
	15
	347.653
	
	
	


(a)  How many levels were used for factor B?

4 levels.

(b)  How many replicates of the experiment were performed?

2 replicates.

(c)  What conclusions would you draw about this experiment?

Factor B is moderately significant with a P-value of 0.93.  Factor A and the two-factor interaction are not significant.
5.4

Design Expert Output


  Response
1
Force


ANOVA for selected factorial model
  Analysis of variance table [Classical sum of squares - Type II]


Sum of

Mean
F
p-value

Source
Squares
df
Square
Value
Prob > F

Model

0.28
7
0.040
13.61
0.0007
significant


    A-Drill Speed
0.14
1
0.14
49.37
0.0001

    B-Feed Rate
0.092
3
0.031
10.54
0.0037

    AB

0.042
3
0.014
4.75
0.0346

Pure Error
0.023
8
2.925E-003

Cor Total
0.30
15
The Model F-value of 13.61 implies the model is significant.  There is only
a 0.07% chance that a "Model F-Value" this large could occur due to noise.

Values of "Prob > F" less than 0.0500 indicate model terms are significant.  
In this case A, B, AB are significant model terms.  

The factors speed and feed rate, as well as the interaction is important. 
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The standard analysis of variance treats all design factors as if they were qualitative. In this case, both factors are quantitative, so some further analysis can be performed.  In Section 5.5, we show how response curves and surfaces can be fit to the data from a factorial experiment with at least one quantative factor.  Since both factors in this problem are quantitative, we can fit polynomial effects of both speed and feed rate, exactly as in Example 5.5 in the text.  The Design-Expert output with only the significant terms retained, including the response surface plots, now follows.

Design Expert Output

Response
1
Force

ANOVA for Response Surface Reduced Quadratic Model
Analysis of variance table [Partial sum of squares - Type III]

Sum of

Mean
F
p-value
Source
Squares
df
Square
Value
Prob > F

Model

0.22
3
0.073
10.64
0.0011
significant


  A-Drill Speed
0.14
1
0.14
21.00
0.0006

  B-Feed Rate
0.020
1
0.020
2.89
0.1151

  B2

0.055
1
0.055
8.03
0.0151

Residual
0.083
12
6.875E-003

Lack of Fit
0.059
4
0.015
5.05
0.0250
significant

Pure Error
0.023
8
2.925E-003

Cor Total
0.30
15


The Model F-value of 10.64 implies the model is significant.  There is only

a 0.11% chance that a "Model F-Value" this large could occur due to noise.


Values of "Prob > F" less than 0.0500 indicate model terms are significant.  

In this case A, B2 are significant model terms.  


Std. Dev.
0.083

R-Squared
0.7268

Mean
2.77

Adj R-Squared
0.6585

C.V. %
3.00

Pred R-Squared
0.5292


PRESS
0.14

Adeq Precision
8.937

5.6

Response:
Surface Finish

   ANOVA for Selected Factorial Model

Analysis of variance table [Partial sum of squares]


Sum of

Mean
F



Source
Squares
DF
Square
Value
Prob > F

Model
1.14
8
0.14
8.00
0.0026
significant


A
0.77
2
0.38
21.59
0.0004

B
0.30
2
0.15
8.47
0.0085

AB
0.069
4
0.017
0.97
0.4700

Residual
0.16
9
0.018


Lack of Fit
0.000
0

Pure Error
0.16
9
0.018

Cor Total
1.30
17


The Model F-value of 8.00 implies the model is significant.  There is only a 0.26% chance that a 

"Model F-Value" this large could occur due to noise.


Values of "Prob > F" less than 0.0500 indicate model terms are significant.  


In this case A, B are significant model terms.  


Values greater than 0.1000 indicate the model terms are not significant.  


If there are many insignificant model terms (not counting those required to support hierarchy),  


model reduction may improve your model.

(b)  Prepare appropriate residual plots and comment on the model’s adequacy.

The residual plots show no serious deviations from the assumptions.
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(c)  Under what conditions would you operate this process? 
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Set pressure at 215 and Temperature at the high level, 170 degrees C, as this gives the highest yield.

The standard analysis of variance treats all design factors as if they were qualitative. In this case, both factors are quantitative, so some further analysis can be performed.  In Section 5.5, we show how response curves and surfaces can be fit to the data from a factorial experiment with at least one quantative factor.  Since both factors in this problem are quantitative and have three levels, we can fit linear and quadratic effects of both temperature and pressure, exactly as in Example 5.5 in the text.  The Design-Expert output, including the response surface plots, now follows.

Design Expert Output
Response:
Surface Finish

   ANOVA for Selected Factorial Model

Analysis of variance table [Partial sum of squares]


Sum of

Mean
F



Source
Squares
DF
Square
Value
Prob > F

Model
1.13
5
0.23
16.18
< 0.0001
significant


A
0.10
1
0.10
7.22
0.0198


B
0.067
1
0.067
4.83
0.0483


A2
0.67
1
0.67
47.74
< 0.0001


B2
0.23
1
0.23
16.72
0.0015


AB
0.061
1
0.061
4.38
0.0582


Residual
0.17
12
0.014


Lack of Fit
7.639E-003
3
2.546E-003
0.14
0.9314
not significant

Pure Error

0.16
9
0.018

Cor Total
1.30
17


The Model F-value of 16.18 implies the model is significant.  There is only


a 0.01% chance that a "Model F-Value" this large could occur due to noise.


Values of "Prob > F" less than 0.0500 indicate model terms are significant.  


In this case A, B, A2, B2 are significant model terms.  


Values greater than 0.1000 indicate the model terms are not significant.  


If there are many insignificant model terms (not counting those required to support hierarchy),  


model reduction may improve your model.


Std. Dev.
0.12
R-Squared
0.8708


Mean
90.41
Adj R-Squared
0.8170


C.V.
0.13
Pred R-Squared
0.6794


PRESS
0.42
Adeq Precision
11.968

5.18
Design Expert Output


Response
1
Score

        ANOVA for selected factorial model
Analysis of variance table [Classical sum of squares - Type II]

Sum of

Mean
F
p-value
Source
Squares
df
Square
Value
Prob > F

Model

1214.83
17
71.46
20.75
< 0.0001
significant


    A-Cycle Time
426.33
2
213.17
61.89
< 0.0001

    B-Operator
279.00
2
139.50
40.50
< 0.0001

    C-Temperature
44.46
1
44.46
12.91
0.0010

    AB

349.67
4
87.42
25.38
< 0.0001

    AC

68.93
2
34.46
10.01
0.0004

    BC

8.04
2
4.02
1.17
0.3229

    ABC

38.41
4
9.60
2.79
0.0409

Pure Error
124.00
36
3.44

Cor Total
1338.83
53


The Model F-value of 20.75 implies the model is significant.  There is only

a 0.01% chance that a "Model F-Value" this large could occur due to noise.


Values of "Prob > F" less than 0.0500 indicate model terms are significant.  

In this case A, B, C, AB, AC, ABC are significant model terms.  
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5.24

(a)
Analyze the data from this experiment (use ( = 0.05).

Design Expert Output 
Response:
Crack Growth

        ANOVA for Selected Factorial Model
Analysis of variance table [Partial sum of squares]


Sum of

Mean
F



Source
Squares
DF
Square
Value
Prob > F

Model
376.11
8
47.01
234.02
< 0.0001
significant


A
209.89
2
104.95
522.40
< 0.0001

B
64.25
2
32.13
159.92
< 0.0001

AB
101.97
4
25.49
126.89
< 0.0001

Residual
5.42
27
0.20


Lack of Fit
0.000
0

Pure Error
5.42
27
0.20

Cor Total
381.53
35


The Model F-value of 234.02 implies the model is significant.  There is only


a 0.01% chance that a "Model F-Value" this large could occur due to noise.


Values of "Prob > F" less than 0.0500 indicate model terms are significant.

In this case A, B, AB are significant model terms.  
Both frequency and environment, as well as their interaction are significant.

(b)  Analyze the residuals.

The residual plots indicate that there may be some problem with inequality of variance.  This is particularly noticable on the plot of residuals versus predicted response and the plot of residuals versus frequency. 
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(c)  Repeat the analyses from parts (a) and (b) using ln(y) as the response.  Comment on the results.

Design Expert Output

Response:  Crack Growth
Transform:  Natural log

Constant:  0.000

        ANOVA for Selected Factorial Model

Analysis of variance table [Partial sum of squares]


Sum of

Mean
F



Source
Squares
DF
Square
Value
Prob > F

Model
13.46
8
1.68
179.57
< 0.0001
significant


A
7.57
2
3.79
404.09
< 0.0001

B
2.36
2
1.18
125.85
< 0.0001

AB
3.53
4
0.88
94.17
< 0.0001

Residual
0.25
27
9.367E-003


Lack of Fit
0.000
0

Pure Error
0.25
27
9.367E-003

Cor Total
13.71
35


The Model F-value of 179.57 implies the model is significant.  There is only


a 0.01% chance that a "Model F-Value" this large could occur due to noise.


Values of "Prob > F" less than 0.0500 indicate model terms are significant.

In this case A, B, AB are significant model terms.  

Both frequency and environment, as well as their interaction are significant.  The residual plots based on the transformed data look better.
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