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Student Learning Outcome

Select an appropriate experimental design with one or more factors,
Select an appropriate model with one or more factors,

Evaluate statistical analyses of experimental designs,

Assess the model adequacy of any experimental design, and
Interpret model results.
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Module Learning Outcome

Analyze factorial design using Minitab
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Two Factor Factorial Designs

@ Will assume all factors are fixed and n > 2

@ A completely randomized design was used to collect the data.

@ Assume linear statistical model o
b i=1,2,....a
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k=1,2,....n
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@ Sum of squares formulas are given on pages 186-188
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Problem 5-9
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5.9  Anengineer suspects that the surface finish of a metal
part is influenced by the feed rate and the depth of cut. He

- selects three feed rates and four depths of cut. He then conducts

a factorial experiment and obtains the following data:

Depth of Cut (in)
Feed Rate
(in/min) }_li 021\3 f0.20 - 3
74 79 82
@ 64 68 88
60
»n 98 99
86 04 08
— Sl
04

99 ! 8
98 99 10
102 95 9

(a) Analyze the data and draw conclusions. Use a = 0.05.

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

(c) Obtain point estimates of the mean surface finish at
each feed rate.

(d) Find the P-values for the tests in part (a).
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General Factorial Regression: Finish versus Feed Rate, Depth

Factor Information

Factor Levels Values
Feed Rate 3 0.20,0.25,0.30
Depth 4 0.15,0.18, 0.20, 0.25

Analysis of Variance / l ’ (
Source DF AdjsSS AdjMS F-Value P-Value Cu e M
{

Model 1 58427 53115 1849 0.000

Linear 5285.6 1057.12 36.81 0.000 A )’ é, é

1
5
Feed Rate 2 3160.5 1580.25 55.02 0.000
Aepth 3 212541 708.37 24.66 0.000
6
6

2-Way Interactions 557.1 g2.84 3.23 0.018 | \A ] ]
557.1 92.84 3.23 0.018

-

~Feed Rate*Depth
_Errar 24 589.3 28.72
_ Total 35 65320

Screen clipping taken: 9/25/2021 12:52 PM
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Model Summary

/& ) R-sq R-sq(adj) R-sq(pred)
535931 89.45% 84.61% 76.26%

Screen clipping taken: 9/25/2021 1:00 PM

Coefficients

Term Coef SE Coef T-Value P-Value VIF
Constant 94,333 0.893 105.61 0.000
Feed Rate
0.20 -12.75 1.26 -10.09 0.000 ( 1.33
0.25 3.25 1.26 2.57 0.017 | 1.33
Depth
0.15 -8.56 1.55 -6.18 0.000 | 1.50
0.18 -4.56 1.55 -2.94 0.007 | 1.50
0.20 3.56 1.55 2.30 0.031 | 1.50
Feed Rate*Depth
0.200.15 -6.03 2.19 -2.76 0.011 ] 2.00
0.200.18 -3.69 2.19 -1.69
0.200.20 2.19 2.19 1.00

0.250.15 0.64 2.19 0.29
0.250.18 3.64 2.19 1.66
0.250.20 -047 2.19 -0.22

Screen clipping taken: 9/25/2021 1:01 PM
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Regression Equation [

Finish = 94.333-12.75 Feed Rate_0.20 + 3.25 Feed Rate_0.25 + 9.50 Feed Rate_0.30
- 9.56 Depth_0.15 - 4,56 Depth_0.18 + 3.56 Depth_0.20 + 10.56 Depth_0.25
- 6.03 Feed Rate*Depth_0.20 0.15 - 3.69 Feed Rate*Depth_0.20 0.18
+ 2.19 Feed Rate*Depth_0.20 0.20 + 7.53 Feed Rate*Depth_0.20 0.25
+ 0.64 Feed Rate*Depth_0.25 0.15 + 2.64 Feed Rate*Depth_0.25 0.18
- 0.47 Feed Rate*Depth_0.25 0.20 - 3.21 Feed Rate*Depth_0.25 0.25
+ 5.39 Feed Rate*Depth_0.30 0.15 + 0.06 Feed Rate*Depth_0.30 0.18
- 1.72 Feed Rate*Depth_0.30 0.20 - 3.72 Feed Rate*Depth_0.30 0.25

Screen clipping taken: 9/25/2021 1:02 PM
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TN
\’ Pareto Chart of the Standardized Effects

(response is Finish, o = 0.05)

Term

Factor Mame
A Fesd Rate
B Depth

\
7 (‘& \
Standardized Effect

R

28

021 1:02 PM
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