CHG 3337 Assignment #9 Solutions

1.
A two-level factorial experiment that examined the effects of Body Weight (X1), Walking Speed (X2), Incline Angle (X3) and Walking Time (X4) on Calorie Consumption (Y) for a brand of treadmills produced a fitted model of the form 
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. The Body Weight factor level settings ranged from 180 to 200 pounds. The Walking Speed factor level settings ranged from 2.0 to 4.0 miles per hours. The Incline Angle factor level settings ranged from 0 to 12 degrees. The Walking Time factor level settings ranged from 15 to 30 minutes. What is the path of steepest ascent?

a)
Coding formula for the three factors are:


X1 = (Body Weight – 190)/10


X2 = (Walking Speed – 3)/1


X3 = (Incline Angle – 6)/6


X4 = (Walking Time – 22.5)/7.5


One coded unit change in X1 is a change of 10 pounds.


One coded unit change in X2 is a change of 1 mile per hour.


One coded unit change in X3 is a change of 6 degrees.


One coded unit change in X4 is a change of 7.5 minutes.


The path of steepest ascent is therefore:



10(0.7) = 7 pounds for Body Weight



1(1.6) = 1.6 miles per hour for Walking Speed



6(1.4) = 8.4 degrees for Incline Angle



7.5(3.0) = 22.5 minutes for Walking Time

b)
For a step size increment in Body Weight of 5 pounds, the step size increments for the other three factors are:



5/7(1.6) = 1.14 miles per hour for Walking Speed



5/7(8.4) = 6.0 degrees for Incline Angle



5/7(22.5) = 16.07 minutes for Walking Time

2.
The following problem has been derived from the Minitab (version 16) help system. You would like to determine the best conditions for injection-molding a plastic part. The factors you can set are: 

·    Temperature: 190° and 210°

·    Pressure: 50Mpa and 100Mpa

·    Injection speed: 10 mm/s and 50 mm/s

The quality characteristic of interest is the hardness of the plastic part. The experimental runs and results are in the following table.
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a) This is a Box-Behnken design.

b) Response Surface Methodology to characterize the curvature of a response surface.

c) A full quadratic model has been fit. The proposed model form is:
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(slides 10:586-597 )
d) The full calculation matrix is

	X0
	X1
	X2
	X3
	X1*X1
	X2*X2
	X3*X3
	X1*X2
	X1*X3
	X2*X3

	1
	-1
	-1
	0
	1
	1
	0
	1
	0
	0

	1
	1
	-1
	0
	1
	1
	0
	-1
	0
	0

	1
	-1
	1
	0
	1
	1
	0
	-1
	0
	0

	1
	1
	1
	0
	1
	1
	0
	1
	0
	0

	1
	-1
	0
	-1
	1
	0
	1
	0
	1
	0

	1
	1
	0
	-1
	1
	0
	1
	0
	-1
	0

	1
	-1
	0
	1
	1
	0
	1
	0
	-1
	0

	1
	1
	0
	1
	1
	0
	1
	0
	1
	0

	1
	0
	-1
	-1
	0
	1
	1
	0
	0
	1

	1
	0
	1
	-1
	0
	1
	1
	0
	0
	-1

	1
	0
	-1
	1
	0
	1
	1
	0
	0
	-1

	1
	0
	1
	1
	0
	1
	1
	0
	0
	1

	1
	0
	0
	0
	0
	0
	0
	0
	0
	0

	1
	0
	0
	0
	0
	0
	0
	0
	0
	0

	1
	0
	0
	0
	0
	0
	0
	0
	0
	0


The covariance matrix is determined by the inverse of XTX. XTX is 

	X0
	X1
	X2
	X3
	X1*X1
	X2*X2
	X3*X3
	X1*X2
	X1*X3
	X2*X3

	15
	0
	0
	0
	8
	8
	8
	0
	0
	0

	 
	8
	0
	0
	0
	0
	0
	0
	0
	0

	 
	 
	8
	0
	0
	0
	0
	0
	0
	0

	 
	 
	 
	8
	0
	0
	0
	0
	0
	0

	 
	 
	 
	 
	8
	4
	4
	0
	0
	0

	 
	 
	 
	 
	 
	8
	4
	0
	0
	0

	 
	 
	 
	 
	 
	 
	8
	0
	0
	0

	 
	 
	 
	 
	 
	 
	 
	4
	0
	0

	 
	 
	 
	 
	 
	 
	 
	 
	4
	0

	 
	 
	 
	 
	 
	 
	 
	 
	 
	4


Since XTX has non-zero elements between the intercept and the quadratic columns, and amongst the quadratic columns, (XTX)-1 will also in the same cells. Therefore, the following correlations exist amongst the model coefficients; 
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Since there is a correlation structure amongst the model coefficients, some of their estimated values are dependent on one another and which ones are included or not in the fitted model. Therefore, the coefficients in any reduced model form must be recalculated which is not the case for an orthogonal design where all of the model coefficients are mutually uncorrelated.

e) From the table of coefficients, we see that the following effects are statistically significant at the 5% level since their p-values are < 0.05;

· the main effects due to Temperature, Pressure and Injection Speed

· the quadratic effect due to Pressure

· the interaction effect between Temperature and Injection Speed

f) Terms that could be considered for exclusion from the model are;

· the quadratic effects due to Temperature and Injection Speed

· the interaction effects between Temperature and Pressure, and Pressure and Injection Speed

because their p-values are > 0.05; i.e. not statistically significant at the 5% level.

The values of the fitted coefficient have to be recalculated due to the correlation structure displayed in part (e) amongst some of the coefficients.

g) The variance of the three centre-points is:
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This is the same as the pure error mean square in the ANOVA table.

h) 
H0: There is no bias due to model inadequacy.


H1: There is bias due to model inadequacy.

Reject the null if the p-value for the lack of fit test is < 0.05. From the ANOVA table the p-value for the lack of fit test is 0.65. Therefore the null is not rejected at the 5% level of significance and conclude that there is no evidence of lack of fit.
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