Having Fun While
Experiencing
Statistical
Applications

Presented by Steve Engelman, Sr. VP
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“+ Run a process
+ Analyze the process
* Improve the process
+ Re-run to validate effectiveness of changes
« Summary statistics...did process truly change?
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""Run a Process
+ Analyze the process
¢ |Improve the process
+ Re-run to validate effectiveness of changes
¢ Summary statistics...did process truly change?
+ Transition from consistency to predictability
+ Design of Experiment
+ Develop predictability model
+ Validate model
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“+ Run a process
+ Analyze the process
* Improve the process
+ Re-run to validate effectiveness of changes
¢ Summary statistics...did process truly change?
+ Transition from consistency to predictability
+ Design of Experiment
+ Develop predictability model
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® ) DOE Defined
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Design of Experiments Is
a methodology of varying
numerous input factors (X's) simultaneously,
In a planned and structured manner,
such that individual and combined effects
on the outputs (Y’s) can be determined

(Y) =1(x)
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| ) One Factor at a Time Analysis
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“+ Many times we prefer to test one input variable
at time while holding others constant

+ For instance, If we are studying gas mileage
using two types of gas and two of oll

Gas Type Oil Type| MPG

Oil Type 1 is G1 01 30 Gas type 1

compared to provides the

Gas 1 and 2 highest MPG
/ G2 | o1 | 20 |M
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il ) One Factor at a Time
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v Next, Gas 1 (highest MPG in first test) is tested
against both oil types

G1,01 provides
highest MPG

Gas Type Oil Type| MPG J7/
Gl O1 3

Gl 02 25

+ The combination of Gas 1 with OIl 1 is obviously
the best answer, right?
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/) What was Missed?

I'f all combinations of the test were conducted,

the results would have looked like this:

Gas Type | Oil Type | MPG U?iir':]%‘zggt‘iiga‘
Gl Ol 30 missed this
Gl 02 25 /‘/‘ \\
G2 01 20 | 7 )
. 02 45 %
An interaction between
gas & oll exists. Effect
of oil on MPG depends
on gas type ot o2
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‘f | ) Interactions

® @® Factor A High
® — - - - @ Factor A Low
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/) Pre-DOE Activities
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“+ Prior to conducting DOE, ensure obvious
sources of variation are minimized or eliminated
o Insufficient standard operating procedures
o Insufficient training
o Poorly defined quality standards
o Unacceptable measurement system variation & error
o |Inadequate process stability

R. Michael Donovan & Co., Inc.
© 2008 R. Michael Donovan & Co., Inc. All rights reserved Phone 1877LEANS|GMA



- /) Design Matrix

Performing a 3 factor, 2 level, full factorial DOE.

One of three input variables has been
identified...the Pull Back angle.

Team needs to identify two additional variables.
Determine Hi/Lo levels (-1/+1) for all 3 variables
Complete matrix on the following page.
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Std. ; “Randomized Factor 1 Factor 2 Factor 3 Distance 1 Distance 2 Distance 3
Run Run Order
Order

1 4 (-1) (-1) (-1)
2 3 (-1) (-1) (+1)
3 7 (-1) (+1) (-1)
4 8 (-1) (+1) (+1)
5 1 (+1) (-1) (-1)
6 5 (+1) (-1) (+1)
7 2 (+1) (+1) (-1)
8 6 (+1) (+1) (+1)
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'j i j) DOE Summary

~+ Define the practical problem
+ Establish objective of the experiment
+ Select the output (response) variables — Y’s
+ Select the input (independent) variables — X's
+ Choose the levels for the input variables (-/+)
+ Select the experimental design
+ Conduct the experiment and collect data
+ Analyze the data and draw statistical conclusions
+ Determine practical solutions
+ Replicate or validate the experimental results
+ Implement solutions
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