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Chapter Objectives:

Understand how to create a fractional factorial
design.
Understand when to apply screening experiments.

Determine how to design and analyze fractional
factorials. |

Apply concepts to actual problems.
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Families of Designs

Screening | Characterization

Fractional Factorials Full Factorials Multi-Level Designs
4-10 Factors 2-5 Factors Z-3 Factors
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Factors vs. Runs
Full Factorial

Factors | Symbol |# of Runs

2 2° 4

3 2 8

4 o 16

5 2° 32

6 2° 64

7 2! 128
A full factorial experiment provides 8 22 290
complete information on main effects and s 210 2
. . . : 10 2 1024
interactions, but is all of this knowledge 1 ST 5048
really needed? 12 512 4096

13 213 8192

14 2™ 16384

15 2 32768

Note: 2 level designs
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When process knowledge is low we typically have many possible factors to
consider. We want to eliminate insignificant factors so we can focus on the

critical few.

Symbol | Full 12 | 14 | 18 | 116 | 1/32 | 1/64 [1/128

Factors Fract. |Fract. |Fract. |Fract. |Fract. |[Fract. |Fract.

for Full
# of Runs

2 2 4 e l e

3 28 8 4 -

4 2 16 8 4 e
5 2° 32 | 16 8 4 [ B

6 26 64 | 32 | 16 8 4 o
7 o7 128 | 64 | 32 | 16 | 8 4
8 o 256 | 128 | 64 32 16 s | 4 [

9 ¢ 512 | 256 | 128 | 64 32 16 8 4

Knowledge about some 10 2::’ 1024 | 512 | 256 | 128 | 64 | 32 | 1B 8
. . . 11 2 2048 | 1024 | 512 | 256 | 128 | 64 32 16
mtergctnons IS k_)St’ but a_ 12 2'2 14096 | 2048|1024 | 512 | 256 | 128 | 64 | 32
fractional factorial experiment 13 5 | 8192 | 4096 | 2048 | 1024 | 512 | 256 | 128 | &2
can be done with far fewer 14 2% 116384| 8192 | 4096 | 2048 | 1024 | 512 | 256 | 128
FUNS 15 215 |30768(16384| 8192 | 4096 | 2048 | 1024 | 512 | 256

. Note: 2 level designs
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Full vs. Fractional
Factorial Experiments

Full factorial experiments work best when:
1.  Only have a few factors of interest.

Knowledge of process is high so few factor needed.
Cost & time to conduct many runs is low.

Higher order interaction suspected.

2
3
4

Fractional factorial experiments work best when:
1. Many factors of interest.

2. Cost & time to conduct many runs is high.

3. Higher order interaction not suspected.
4,

Knowledge of process is low so need to explore many
factors (screening).
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Fractional Factorials

With a full factorial DOE we can estimate main effects and effects from all
possible interactions. How many effects exist with two factors? Three factors?
Four factors?
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Higher Order Interactions
Effects Estimated in Full Fractional DOE Total 3-way |
Design|_* " Main & higher |
2-\Way | 3-Way | 4Way | 5-Way | 6-Way | 7-W P
Factors Effects &y &y ay &y ay ay Interactions|
2 2 2 1 _ e ‘«
23 3 3 3 1 e
2t 4 4 6 4 1 b
2° 5 5 10 10 5 1 .
e 6 6 15 20 15 6 1 .
27 [ 7 21 35 %5 21 7 1

Do we really ‘_ to know the effects of higher order interactions? .
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100%

75%

50% | -SRI -~ ---------------neoneneeneoneneenes oo

25 % | S

Higher Order

0%
73 % 20 % 5 % 2%

Sparsity of Effects Principle:

Processes are likely to be driven by a few main effects and low order interactions
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Recall the Full Factorial Statapult Experiment?

Fractional Factorials

Run Stop Pin L::glzh Te;isri]on Distance
1 = (3) |=(1595)| - (2)
2 +(5) |- (1585)| - (2)
3 - (3) [+(180)] -(2)
4 +(5) |+ (180)| = (2)
5 -(3) |-(155)| +@4)
6 +(5) |- (159)| +4)
7 - (3) |t(180)] +(4)
8 +(5) |+ (180)| +(4)

ST
s
The Tech Group
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Creating a Fractional Factorial
from a Full Factorial

3 factors at 2 levels (Stop Pin-A, Launch Angle-B & Tension Pin-C)
# A B C A AC BC ABC
-" —

- .t *
3 - -
3 - -
4 + -
3
5 - - + - )
— . -
6 + - + R —
T = + + B .
8 + + N

Complete the interaction columns above.
« Which interaction is most unlikely to occur?
» Which column of + and — would you use for the added factor D?
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from a Full Factorial (con’t)

4 factors at 2 levels
(Stop Pin-A, Launch Angle-B & Tension Pin-C with Hook-D added)

D=
# A B C AB AC BC ABC
1 - - - -
2 o+ - -
3 - - +
4 + - :
B - - + +
6 + - + -
7 - + -
8 + + +

- How would you calculate the effect of D7
« What happened to the ABC interaction?
» Where are the other interactions with D (AD, BD, CD, etc.)?
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from a Full Factorial (con’t)
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4 factors at 2 levels

Identifying 2-way interactions

# A B C AB AC B ABC AD BD CD
i -4 A
2 + - " e T ke =+ —+ — -
3 - o T + ~ &
4 - . T _ j . B — 3
B - -+ i + _ + B A
6 + -+ : - 3 - ~ T
7 . - ) T
8 + o+ 4+ * ~+ 1 + + o

Complete the 2-way interactions columns above?
Which 2-way interaction columns are the same?
What is the meaning of identical 2-way interaction columns?
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Aliased Effects

4 factors at 2 levels
Identifying similar patterns

CD BD AD D

& A B C AB AC BC ABC
1 - - - 7 i 4 -

2 + - - - ~ 1

3 - - = A o

4 + - A - - =

5 - - + - — +

5] + - + 7 1 — .

7 - + = = 4 -

8 + + + 1 n +
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The expression for fractional factorials is: ?szgg of

----- =R |
Number of ,/ R'\R\M\

Levels Size of

EXAMPLE: Resolution Fraction
24 where 2 is the number of levels and 4 is the number of factors.

24=16: We want 8.

8 is 1/2 of 16, therefore we want 1/2 of 24.

1/2 may be written as 2-1.

Therefore it may be rewritten as (2-7) (2*) or 241 (add exponents]. This is of the form 2P
where p is the fraction.

Adding the resolution designation we get 2,,*".
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Expression for Fractional Factorial (con’t)
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« 1/2 Fraction R
— 2™ fractional factorial design I
» 1/4 Fraction °

— 2"2 fractional factorial design
* 1/8 Fraction

— 23 fractional factorial design

La2
M * & * ¥ 2 >
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Resolution refers to the amount of information that may be
obtained from a given experiment.

e The higher the resolution, the more information may be obtained
from the experiment (i.e., learn about interactions and higher
order terms). »

e For most experiments, three resolutions are approprlate to
discuss (III, IV, & V).

Resolution Ill: A design in which main effects are separated from
other main effects, but not from interactions. That is, 2-way
interactions & higher are confounded or aliased with main effects.

Resolution IV: A design in which main effects may be separated from
other main effects and two-way interactions (two factor), but two-
way interactions are confounded with other two-way and higher
order interactions.

Resolution V: A design in which main effects may be separated from
other main effects, and two-way interactions may be.separated from
other two-way interactions, but higher order interactions are
confounded.
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Team Exercise — Fractional Factorial The Tech Group
Experiment
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Fill in the levels settings (Use 1 & 3) for the 3rd factor
(Tension Pin) that has lqeen added to the %2 full factorial

shown. A L S A o
Run [ stop pin| L2UnR [Tonson T ! ot
1 | -@) |- @155 + A
2 | +() |- (155)] —0) 3
3 | -@) |+@s0)| = >~
4 | +(5) |+@180)| +1>)

g

When the effect of Tension is calculated, what else is included
in this estimate of the effect?

5 T |45

b S
What is estimated with the Stop Pin and Angle Effect \
estimates? 5%

,)0
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