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1.

1.1

1.2

Two-L evel Fractional Factorial Design

High-Level  Low-level 6 8 2° =32

2° = 64
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2.
A
B 2
C
D
E
F
level high-level 1 low-level 1
Low-leve High-level
1 1
A 7 4 100 10 1 100
B 7854 ? 17671 *?
C
D 13800 19300
E 3 1
F 5 3
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3.
level
2°x3=192 Fractional
Fractional
2°%x 3 replicates = 48
E ABC F ADE
Design Metrics
A B C D Y
Std Run Bl ock
1 1 Bl|ock ] 1 L 1 1

8

B

ock |1 -1 -1

4

B

ock [1 -1 -1

2

4

B

ock |1 1 -1

3

7

B

ock |1 1 -1

Defining Relation
| = ABCE = ADEF = BCDF

Aliased Terms
[Intercept] = Intercept
[A] =A + BCE + DEF
[B] =B +ACE + CDF
[C] =C +ABE + BDF
[D] =D + AEF + BCF
[E] =E +ABC + ADF
[F] =F+ADE + BCD
[AB] =AB + CE
[AC] =AC+BE
[AD] =AD + EF
[AE] =AE + BC + DF
[AF] =AF + DE
[BD] =BD + CF
[BF] = BF + CD
[ABD] =ABD + ACF + BEF + CDE
[ABF] =ABF + ACD + BDE + CEF
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4.
Step 1
mi
7 4 100 10 1 100 700ml
Step 2
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Step 3

Step 5

Design Expert
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5.
5.1 ANOVA
Normal plot
A B C D E AD
NDFFI"IEI[IIIEIt
25 mE
H[
B ]
%-Tl:l
= =0
Em
20
(]
R
i &
-':l.!:l-l- l:l.ll:l-l- l:l.ll3 l:lél l:l.l3=:l
Effect
ANOVA ANOVA
SS DF MS Fval Prob
\VEoNel: 2 . 19 6 0.36 76.1 < 0.
0.40 1 0.40 84.0 < 0.
0. 14 1 0.14 29. 3 < 0.
0. 06 1 0.0614.0 0.00
0. 4 1 0.4 100. < O.
1.0 1 1.0 225. < 0.
0. 02 1 0.02 4.34 0.014
0.19 41 0.00
0.05 9 0.00 1.26 O0.29
0.1« 32 0.00
2.38 47
MODEL LOF P 0.2922( )

significant

not significan
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0. 06 9REESNNIE-N} 0.917684
1. 39 55X 0.905638
4 . 9 6 1zNeN-Ne 0.887177
0

. 2 6 O NCRRS 32.76802

R- Squared
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5.2 Model Adequacy Checking

5.2.1
Normal Plot of Residuals
99 —| =
7 =
95—: E
> 90— B
% 803 HBB
3 70 3 g8 g
o
o\o 50 — Egj:g
K] 30
g o
s 1
10 =3
53 .
] |
1 m
| \ \ \ \ \
-2.73 -1.53 -0.33 0.88 2.08
Studentized Residuals
ANOVA
ANOVA
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Residuals vs. Predicted
3.00
5
5
” 1.50 — DE'DE'
e 5 5
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- 5
=
-3.00
\ \ \ \ \
0.94 1.16 1.38 1.59 1.81
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5.2.3 Box-Cox Transformation

DESIGN-EXPERT Plot Box-Cox Plot for Power Transforms

Y
-0.05
Lambda
Current =1
Best = 1.03
LowC.l. =0.21
High C.I. =1.89 045
Recommend transform:
None %\
(Lambda = 1)
g -0.84
1.23 4
-1.63
\ \ \ \ \ \
3 2 1 0 1 2 3

12
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5.2.4

®Final Equation in Terms of Coded Factors

1.395833
0.091667 * A
0.054167 * B
0.0375 * C
0.1 =* D
0.15 * E
-0.02083 * A * D

®Final Equation in Terms of Actual Factors

1.395833
0.091667 *
0.054167 *
0.0375 ~*
0.1 =
0.15 =
-0.02083 * *

13
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5.2.5

DESIGN-EXPERT Piot Interaction Graph

R e D: X3

X=A BRRSHMA
Y =D #.F

m D--1.000 1615 s
& D+ 1.000 i
Acfual Faclors Y ——
B: S| = 0.00 fa T
C: ST 4+ = 0.00 T .
E: S8 M= i 50A = 0.00 F L

F: M@ =000 P

-1 450 nm 050 1.0

A RS
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6.

(1)

(2)

(3)

(4)

(5)

15



Design OFf Experiments

Project Report

7.

Metrics
A Y

Std Run Bl ock

1 1 Bl|ock -01. 95 -1
2 18 Bl ock 019 -
3 414 Bl ock 1105 -
4 24 Bl ock -u. 45 1
5 317 Bl ock -1.6 1
6 1/9 Bl ock -11. 45 1
7 114 Bl ock -1. 3p 1
8 1|7 Bl ock -1. 3 1
9 20 Bl ock -1. 45 1
10 4 Bl ock -n.25 -1
11 48 B/l ock -1.3 -1
12 33 B/l ock -1.2 -1
13 25 B/l ock 1125 1
14 P Bl ock -1. 3 1
15 26 Bll ock -11 4 1
16 36 B/l ock -1.3 -1
17 40 B/l ock -1. 2 -1
18 22 B/l ock -1. 25 -1
19 38 Bll ock -1 -1
20 10 Bll ock -1.15 -1
21 0 Bl ock -11.1 -1
22 46 B/l ock F11. 6 1

23 34 B/l ock F11. 7 1

24 35 B/l ock 11. 6 1

25 3 Bl ock 1.1 -1
26 11 Bl oc k 1115 -
27 45 Bll ock 11 25 -
28 42 B/l ock 1.45 1
29 27 B/l ock 1.6 1
30 4 Bl ock 11.55p 1




Design OFf Experiments

Project Report

31 28 B/l ock 1. 65 1
32 8 Bl ock - 11. 6 1
33 5 Bl ock - 11. 6 1
34 30 B/l ock 11. 45 -1
35 6 Bl ock 1 11.5 -1
36 32 Bll ock 11. 45 -1
37 21 B/l ock 1.6 1
38 47 B/l ock 1.5 1
39 43 B/l ock 1.6 1
40 12 Bll ock 11. 5 -1
41 39 Bll ock 11. 45 -1
42 23 Bll ock 11. 35 -1
43 15 B/l ock 11. 25 -1
44 31 Bl oc k 11. 35 -1
45 41 Bl oc k 11. 45 -1
46 29 B/l ock 11.851

47 13 B/l ock 1 1.8 1

48 16 Bll ock 11.85 1

17



