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Multifactor RSMTutorial
(Part3 ¢ Advanced Topigs

Adding Propagation of Error (POE) to the Optimization

Details about the variation in your input factors can be fed into

DesignExpert® software. Then you can generate propagation of error (POE) plots

showing how that error is transmitted to the response. Look for conditions that
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settings. This tutorial shows how to generate POE from an experiment designed by
response surface methods (RSM).

If you still have the RSM data active in Desigiaxpert software from Part 2 in this
series of tutorials, continue on. If you exited the program, retart it and useFile,
Open Design to open your data file fut-RSM-opt.dxp). Otherwise, go back and
set it up as instructed in Multifactor RSM Tutorials Parts 1 and 2.

Start by clicking theDesign node on the left side of the screen to get back to the
design layout. Then selctView, Column Info Sheet. Enter the following
information into the Std. Dev. column: time0.5, temperature: 1.0, catalyst:0.05, as
shown below.

View | Display Options Design Tocls Help  Tips

Design Layout

Run Sheet

L ohe Units Type | spev. |  Low High
v Column Info Sheet
_min. Factor 0.5 40 50

v Show Cell Borders deg C Facter 1 20 90

Ascending Sort Order |% Factor 2 3
| (I Show Design Tool _% Response 410758 51 g7

Response 0.980643 53.2 67.9

Display Columns 3

Pop-0ut View
v Toolbar
v Status Bar

Column Info Sheet witlfactor standard deviationsfilled in

Notice the software already entered thestandard deviation for the andyzed
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Expert remembers your previous analysis choiceg you can simply click through
the analysis buttons. For your information, right-clicking the buttons to the left of
response names allowgou to specify a different standard deviation.

Response

Conversion | %
= “-gponse

410758 51 87

= 0.980643 53.2 67.9
v ANOVA StdDev

Enter StdDev

Option to enter a different standard deviation for response
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Under the Analysis branch clickthe Conversion node. Then jump past the
intermediate buttons for analysis and click theModel Graphs button. SelectView,
Propagation of Error. (This option was previously grayed outz unavailablez
becausethe standard deviations for the factors had noyet been entered.) If the
COAPES O AAAECOI Oiitch tolsadudrédiinEhd Cdotdur grdpx h O
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Graphs in Graph Preferences.
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Contour graph for POE

Now selectView, 3D Surface or simply click 3D Surface on the floating Graphs
Tool.
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3D Surface view of the POE Graph
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The lower the POE the better, because less of the error in control factors will be
transmitted to the selected responsewhichresultsin a more robust process.
However, POE will only work when the response surface is ndmear, such as for
the Conversion. When the surface is linear, such as that for Activity, eriier
transmitted equally throughout the region. Therefore, DesignExpert software

O C ©IAQ O&optidrEas shown in the screen shot below.

M Display Options  Design Tools
¥ Model
Standard Error
Propagation of Error
Perturbation
One Factor
Interaction
v Contour
Predicted vs. Actual
3D Surface

POE option not enabled for linear models such as that for Activity response

For an in-depth explanation of POE, attend St&thA OA 6 O xRbbhdE BeRignD
and Tolerance Analysis Call, or check our web site fa schedule.
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optimization criteria. Under the Optimization branch dick the Numerical node.
For the POE (Conversion) set theGoal to minimize with a Lower Limit of 4 and
anUpper Limit of 5 as shown below.

1 Notes for tut-RSM-opt.dxp
=] Design (Actual _M Criteria /"~ Solutions Graphs
esign (Actual)
LE] s ;
-5 Summary Atime POE(Conversion)
- [ Graph Columns B:temperature
L. 2] Evaluation C:catalyst
. Conversion | — |
@ Analysis m Goal | minimize -
i _L'| R1:Conversion (Analyzed) | |Activity Lem=T Upper
1 rzActivity (anatyzed)
Limits: 4
{\_;] Optimization
E‘ Numerical Weights: | 1 1
ﬁ Graphical - Importance: |+++ -
i. %] Point Prediction Options....
4
4|\’\D\ 5
4.23329 5.84441
POE(Conversion)

Set Goal and Limits for POE (Conversion)

Now click the Solutions button atop the screento generate new solutions with
additional criteria. On the floatingSolutions Tool click Ramps or selectView and
choose theRampFunction Graphoption. (Note: Due to random starting points for

the searches, you may see slight differences on your screen versus the shot below.)
Click thealternative OT 1| OOET 1 O j ¢ch oh8Qs 7 AdvAd OEA
see?
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H

Ramps view fopptimization with

POKYour results may differ)

Go back to theSolutions Tool and press thePop-Out View.
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Pop out view shows report alongside of ramps
Exit out ofthe Pop-Out View by pressing theX button at its upper right corner.
Pressthe Graphs button atop your screen To make the view similar to what we

had before, on theFactors Tool
the X2 axis.

palette right-click the C:catalyst and change it to
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A Ciiteria | Solations [ [7]  Graphs

sownrs[ T 2 | 3 | s | s | o | messorse: [Desirabiity ]

Design-Expent® Software

Desirability Desirability
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i; fé tci?éwst Prediction 0650
- 280

Actual Factor
B: temperature = 89.14

C; catalyst

40.00 42.00 44.00 46.00 48.00 50.00

A: time

Optimal Solution with added POEiteria

The above optimalsolution represents the formulationthat best maximizes
conversion and achieves a target value of 63 for activity, while at the same time
finds the spot with the minimum error transmitted to the responses. So, this
should represent process conditions that are robust to slight variations ifactor
settings.

Design Evaluation

DesignExpert offers powerful tools to evaluate RSM design®esign evaluation
ought to beaccomplishedprior to collecting response data, but it can be done after
the fact. For example, you may find it necessary to aiige some factor levels to
reflect significant deviations from the planned sepoint. Or you may miss runs
entirely z at least for some responses. Then it would be well worthwhile to re
evaluate your design to see the damage.

ForareAAD 1 £ x Eohdsd far, giditfeiDesiyn branch and click the
Summary node.

i.. 727 Design (Actual)
. E'I Summary
L‘I Graph Columns
“.] Evaluation

] Analysis

i1 RACAnuersinn. fanahimed)

Design Summary

| Study Type Reszponze Surface Runs 20
] Des=ign Type Central Composite Blocks 2

Design Model CQuadratic

Design summary

The summaryreports that the experimenter planned a central composite design
(CCD) in two blocks, which was geared to fit a quadratic model. Click the
Evaluation node and noice DesignExpert assumes you want details on this
designedfor order of model.
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[ Motes for tut-RSM-opt.dxp
.- 527 Design (Actual)
2] Summary

L-I Graph Columns Order. | Quadratic 4 Add Term

Evaluation
] Analysis Model: Response:
[] R1:Conversion (Anatyzed)
] Re:Activity (Analyzed)
éﬂ Optimization

ﬂ Humerical

&a Graphical

.. %] Point Prediction

fix) Model Results ‘
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A-time
B-temperature
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Design evaluatiory model choice

Click theResults button for an initial report showing annotations on by default.

Results | Graphs

Use your mouse to right click on individual cellz for definticns. im

fix) Madel

3 Factors: A, B, C
Design Matrix Evaluation for Response Surface Quadratic Model
_ No aliases found for Quadratic Model
Aliazes are calculated bazed on your responze 2election,
taking into account missing datapoints, if necessary.

Watch for aliases among terms you need te estimate.

Degrees of Freedom for Evaluation

_ Blocks 1
| Model 9
| Residuals 9
Lack OF Fit 5
Pure Error 4
_ Corr Total 19

A recommendation iz a minimum of 3 lack of fit df and 4 df for pure errer.
Thiz enzures a valid lack of fit test.

Fewer df will lead to a test that may not detect lack of fit.

Power at 5 % alpha level to detect signalinoise ratios

_ Term StdErr= VIF Ri-Squared 0.5 5id. Dev. 1 Std.Dev. 2 Std. Dev.
| Block 1 0.23
| Block 2

A 027 1.00 0.0000 132 % 78 % 90.7 %

Design evaluation results
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Scrollthrough the resultsor use the handyBookmarks palette and note the results
look very goodzAO UT 08 fom A deddardl Gesigh for RSM.

Bookmarks @

Tap
OF
Terms (Povver )
Leverage
Pop-Cut iew

Bookmarks for design evaluation

For a design that produces a faworse evaluation, take a look at the Historical Data
RSM Tutorialz Part 2.

Press ahead to thé&raphs button atop the screen It defaults to the FDS Graph
that depicts standard error versus the fraction of design spaceClick the curveyou
see depicted. DesigiExpert now provides coordinate lines for easy reading.

FDS(fraction of design space) graptvith coordinates clicked on

Based on extensive sampling of the experimental regid®0,000 points by default

as noted in the legend)tE A QU6 AQGEO Igdantie&Ethe méx@@m COADE
prediction variability at any givenfraction of the total space. For example, as noted

in the legendat the left of the screen 92 percent of this response surface method

(RSM) design falls at or below 860 units of standard error (SE). Due to the

random sampling algorithm, your FDS mayary a bit. When you evaluate

alternative designs, favor those with lower and flatter FDS curves. However, keep

in mind that this provides only one of many critera that ought to be considered.

criteri a, selectView, Contour. DesignrExpert then displaysthe standard error
plot, which shows how variance associated with prediction changes over your
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