6.1
(a)  Analyze the data from this experiment.


Design Expert Output 

Response
1
Vibration

        ANOVA for selected factorial 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

1641.68
3
547.23
92.02
< 0.0001
significant


  A-Bit Size
1110.56
1
1110.56
186.75
< 0.0001

  B-Cutting Speed
225.75
1
225.75
37.96
< 0.0001

  AB

305.38
1
305.38
51.35
< 0.0001

Pure Error
71.36
12
5.95

Cor Total
1713.04
15


The Model F-value of 92.02 implies the model is significant.  There is only

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

(b)  Construct a normal probability plot of the residuals, and plot the residuals versus the predicted vibration level.  Interpret these plots. [image: image1.emf]Design-Expert® Software
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There is nothing unusual about the residual plots.

(c)  Draw the AB interaction plot.  Interpret this plot.  What levels of bit size and speed would you recommend for routine operation?

To reduce the vibration, use the smaller bit.  Once the small bit is specified, either speed will work equally well, because the slope of the curve relating vibration to speed for the small tip is approximately zero.  The process is robust to speed changes if the small bit is used.
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6.2
(a)  Estimate the factor effects.  Which effects appear to be large?

From the normal probability plot of effects below, factors B, C, and the AC interaction appear to be significant.

[image: image4.wmf]DESIGN-EXPERT Plot

Life



A: Cutting Speed

B: Tool Geometry

C: Cutting Angle

Normal plot

Normal % probability

Effect

-8.83

-3.79

1.25

6.29

11.33

1

5

10

20

30

50

70

80

90

95

99

A

B

C

AC


(b)  Use the analysis of variance to confirm your conclusions for part (a).

The analysis of variance confirms the significance of  factors B, C, and the AC interaction.

Design Expert Output


Response:
Life
in hours

        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
1612.67
7
230.38
7.64
0.0004
significant


A
0.67
1
0.67
0.022
0.8837


B
770.67
1
770.67
25.55
0.0001


C
280.17
1
280.17
9.29
0.0077


AB
16.67
1
16.67
0.55
0.4681


AC
468.17
1
468.17
15.52
0.0012


BC
48.17
1
48.17
1.60
0.2245


ABC
28.17
1
28.17
0.93
0.3483


Pure Error
482.67
16
30.17


Cor Total
2095.33
23


The Model F-value of 7.64 implies the model is significant.  There is only


a 0.04% chance that a "Model F-Value" this large could occur due to noise.

The reduced model ANOVA is shown below.  Factor A was included to maintain hierarchy.

Design Expert Output


Response:
Life
in hours

        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
1519.67
4
379.92
12.54
< 0.0001
significant


A
0.67
1
0.67
0.022
0.8836

B
770.67
1
770.67
25.44
< 0.0001

C
280.17
1
280.17
9.25
0.0067

AC
468.17
1
468.17
15.45
0.0009

Residual
575.67
19
30.30


Lack of Fit
93.00
3
31.00
1.03
0.4067
not significant

Pure Error
482.67
16
30.17

Cor Total
2095.33
23


The Model F-value of 12.54 implies the model is significant.  There is only


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

Effects B, C and AC are significant at 1%.

(c)  Write down a regression model for predicting tool life (in hours) based on the results of this experiment.
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Design Expert Output



Coefficient

Standard
95% CI
95% CI

Factor
Estimate
DF
Error
Low
High
VIF

 Intercept
40.83
1
1.12
38.48
43.19


 A-Cutting Speed
0.17
1
1.12
-2.19
2.52
1.00


 B-Tool Geometry
5.67
1
1.12
3.31
8.02
1.00


 C-Cutting Angle
3.42
1
1.12
1.06
5.77
1.00


 AC
-4.42
1
1.12
-6.77
-2.06
1.00

Final Equation in Terms of Coded Factors:


 Life
 =



+40.83



+0.17
  * A



+5.67
  * B



+3.42
  * C



-4.42
  * A * C


 Final Equation in Terms of Actual Factors:


 Life
 =



+40.83333



+0.16667
  * Cutting Speed



+5.66667
  * Tool Geometry



+3.41667
  * Cutting Angle



-4.41667
  * Cutting Speed * Cutting Angle

The equation in part (c) and in the given in the computer output form a “hierarchial” model, that is, if an interaction is included in the model, then all of the main effects referenced in the interaction are also included in the model.

(d)  Analyze the residuals.  Are there any obvious problems?  

[image: image6.wmf]Residual

Normal % probability

Normal plot of residuals

-7.33333

-2.625

2.08333

6.79167

11.5

1

5

10

20

30

50

70

80

90

95

99

[image: image7.wmf]Predicted

Residuals

Residuals vs. Predicted

-7.33333

-2.625

2.08333

6.79167

11.5

27.17

33.92

40.67

47.42

54.17


There is nothing unusual about the residual plots.

(e)  Based on the analysis of main effects and interaction plots, what levels of A, B, and C would you recommend using?

Since B has a positive effect, set B at the high level to increase life.  The AC interaction plot reveals that life would be maximized with C at the high level and A at the low level.
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6.9

Design Expert Output
Response
2
Fatigue
            ANOVA for selected factorial 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

2801.25
3
933.75
16.81
0.0001
significant


  A-Worker
2652.25
1
2652.25
47.75
< 0.0001

  B-Bottle Type
100.00
1
100.00
1.80
0.2045

  AB

49.00
1
49.00
0.88
0.3661

Pure Error
666.50
12
55.54

Cor Total
3467.75
15


The Model F-value of 16.81 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 are significant model terms.  
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There is an indication that one worker exhibits greater variability than the other.

6.12

(a)  Estimate the factor effects.  Which factors appear to be large?

From the half normal plot of effects shown below, factors A, B, C, D, AB, AC, and ABC appear to be large.

Design Expert Output


Term
Effect
             SumSqr
              % Contribtn


Model
 Intercept






Model
 A
3.01888
72.9089
12.7408


Model
 B
3.97588
126.461
22.099


Model
 C
-3.59625
103.464
18.0804


Model
 D
1.95775
30.6623
5.35823


Model
 AB
1.93412
29.9267
5.22969


Model
 AC
-4.00775
128.496
22.4548


Error
 AD
0.0765
0.046818
0.00818145


Error
 BC
0.096
0.073728
0.012884


Error
 BD
0.04725
0.0178605
0.00312112


Error
 CD
-0.076875
0.0472781
0.00826185


Model
 ABC
3.1375
78.7512
13.7618


Error
 ABD
0.098
0.076832
0.0134264


Error
 ACD
0.019125
0.00292613
0.00051134


Error
 BCD
0.035625
0.0101531
0.00177426


Error
 ABCD
0.014125
0.00159613
0.000278923
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(b)  Conduct an analysis of variance.  Do any of the factors affect cracking?  Use (=0.05.

The Design Expert output below identifies factors A, B, C, D, AB, AC, and ABC as significant.

Design Expert Output
Response:
Crack Length
in mm x 10^-2

        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
570.95
15
38.06
468.99
< 0.0001
significant


A
72.91
1
72.91
898.34
< 0.0001

B
126.46
1
126.46
1558.17
< 0.0001

C
103.46
1
103.46
1274.82
< 0.0001

D
30.66
1
30.66
377.80
< 0.0001

AB
29.93
1
29.93
368.74
< 0.0001

AC
128.50
1
128.50
1583.26
< 0.0001

AD
0.047
1
0.047
0.58
0.4586

BC
0.074
1
0.074
0.91
0.3547

BD
0.018
1
0.018
0.22
0.6453

CD
0.047
1
0.047
0.58
0.4564

ABC
78.75
1
78.75
970.33
< 0.0001

ABD
0.077
1
0.077
0.95
0.3450

ACD
2.926E-003
1
2.926E-003
0.036
0.8518

BCD
0.010
1
0.010
0.13
0.7282

ABCD
1.596E-003
1
1.596E-003
0.020
0.8902

Residual
1.30
16
0.081


Lack of Fit
0.000
0

Pure Error
1.30
16
0.081

Cor Total
572.25
31


The Model F-value of 468.99 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, D, AB, AC, ABC are significant model terms.  

(c)  Write down a regression model that can be used to predict crack length as a function of the significant main effects and interactions you have identified in part (b).

Design Expert Output  
Final Equation in Terms of Coded Factors:

Crack Length=


+11.99


+1.51
*A


+1.99
*B


-1.80
*C


+0.98
*D


+0.97
*A*B


-2.00
*A*C


+1.57
* A * B * C
(d)
Analyze the residuals from this experiment.
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There is nothing unusual about the residuals.

(e)  Is there an indication that any of the factors affect the variability in cracking?

By calculating the range of the two readings in each cell, we can also evaluate the effects of the factors on variation.  The following is the normal probability plot of effects:
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It appears that the AB and CD interactions could be significant.  The following is the ANOVA for the range data:

Design Expert Output
Response:
Range

        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
0.29
2
0.14
11.46
0.0014
significant


AB
0.13
1
0.13
9.98
0.0075


CD
0.16
1
0.16
12.94
0.0032


Residual
0.16
13
0.013


Cor Total
0.45
15


The Model F-value of 11.46 implies the model is significant.  There is only


a 0.14% 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 AB, CD are significant model terms. 

Final Equation in Terms of Coded Factors:

Range
 =


+0.37


+0.089
 * A * B


+0.10
 * C * D

(f)  What recommendations would you make regarding process operations?  Use interaction and/or main effect plots to assist in drawing conclusions.

From the interaction plots, choose A at the high level and B at the low level.  In each of these plots, D can be at either level.  From the main effects plot of C, choose C at the high level.  Based on the range analysis, with C at the high level, D should be set at the low level.

From the analysis of the crack length data:
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From the analysis of the ranges:
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