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Agenda
Objective:

Show-and-tell what DOE can do with the aid of dedicated software 
from Stat-Ease and support of its experts. 

Approach:

×Span features from simple to sublime

×Spare on methods (get from Simplifiedseries ςDOE/RSM/Mixture)

× Not an exhaustive presentation of features.  For a complete list, 
see www.statease.com/dx8descr.html. 

Agenda:

1. Factorial design and analysis for simple comparisons, screening, 
characterization and verifications

2. Response surface methods for process optimization

3. Mixture design for optimal formulation 
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http://www.statease.com/dx8descr.html
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Strategy of Experimentation: Factorials



New Features for Factorials (1st batch) 
Simple Stuff (but very useful!)

ü F1 Help now context sensitive: Heads-up on how to navigate 
screen currently on view (also see more detail in Screen Tips).

ü Design layout column widths now adjust automatically by 
double-clicking column-header boundaries: Multiple 
columns adjust simultaneously!

ü Attach row comments by right-clicking on row headers: A 
handy way to record important observations.

ü Many new, high-visibility tools: Optional views, such as 
Model Graphs, are now easily seen.  

ü Better defaults and tick marks: Nicely rounded values 
provide presentable graphs straight away.

ü More-interactive cube plots: Click on design points to see 
factor levels and response predictions on graph legends.
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Popcorn



New Features for Factorials (2nd batch) 
More Sophisticated

ü Tolerance interval (TI) estimates on point prediction: 
This is important for verification studies to ensure your process 
stays within manufacturing specifications. 

ü Improved curvature testing for factorials with center points:
All design points are now fitted to the polynomial model used 
for predictions.  This provides a more realistic impact of 
significant non-linear response behavior.
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Stent -CPa



New Features for Factorials (3rd Batch)
CƻǊ ΨDŜƴŜǊŀƭΩ CŀŎǘƻǊƛŀƭǎ
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Design-Expert® Software
wood failure

Error estimates

Shapiro-Wilk test
W-value = 0.887
p-value = 0.159
A: Wood
B: Adhesive
C: Applicator
D: Clamp
E: Pressure

Half-Normal Plot
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VHalf-normal selection of 
important effects on all
factorial designs, not just 
two-level.*
üFor example, for 5 woods glued 

with 5 adhesives, using 2 
applicators with 4 clamps at 2 
pressures.  The vital effects 
become apparent at a glance!

ϝό5ŜǘŀƛƭŜŘ ƛƴ άDǊŀǇƘƛŎŀƭ {ŜƭŜŎǘƛƻƴ ƻŦ 9ŦŦŜŎǘǎ ƛƴ DŜƴŜǊŀƭ CŀŎǘƻǊƛŀƭǎέτwinner of 
the ShewellAward for best presentation at the 2007 Fall Technical Conference.)

Hardwood

Note: To plot multiple 
contrasts on a compar-
ativescale, the effects 
are normalized.*



A Handy V8 Feature for Categorical Factors 

ü Provides far easier main effects 
plotting and makes interactions more 
meaningful.  Previously, the only 
option to average factors came via a 
hidden drop-list. The screen-shot 
series shows the result of simply 
ǇǊŜǎǎƛƴƎ ǘƘŜ άAvgέ ōǳǘǘƻƴ ŦƻǊ р ǿƻƻŘǎ 
glued with 5 adhesives using 2 
applicators at 2 pressures.  This 
causes the least significant difference 
(LSD) bars to shrink, revealing an 
important difference between two 
particular clamps.
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VPush-button averaging on the 
factors tool: 

ü Also demo 
reference lines 
on plots, a new 
feature in V8: Set 
horizontalat 50. 
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Strategy of Experimentation: RSM



New Features for RSM
(1st batch) 

üConstraint calculator: Simplifies the process for 
calculating constraint inequalities. 

üDirect setting of discrete (fixed) numeric levels in for 
response surface method designs: Limit factor settings to 
reasonable levels, but still produce continuous models. 

üDiscrete factor levels adhered to in numeric 
optimization: Find the most desirable setting for factors 
that are not continuous.

ü IV-optimal design: Ideal for optimizing constrained 
process or mixture experiments.
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See these tools put to use in the following case study.
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Spray Coating a Stent

Issues:

ςPasses of the coater cannot be incomplete, that is, 
they must be set at integer values.

ςAt one extreme (A = 10, B =3, C = 0.5 and D = 1) 
insufficient coating is applied by the sprayer.

ςAt another extreme (A = 30, B =10, C = 0.1 and D = 10) 
the sprayer applies too much coating!

Name Units ï1 level +1 level

A flow rate ml/min 10 30

B pressure kPa 3 10

C linear speed inch/sec 0.1 0.5

D passes # 1 10

accumist_stent_coating.mpg


Spray Coating
Discrete (whole) number of passes
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άDiscreteέ ƛǎ ŀ ƴǳƳŜǊƛŎ ŦŀŎǘƻǊ ōǳǘ ƛǘǎ ǾŀƭǳŜǎ ŀǊŜ 
restricted to the values you define, in this case 
by simply entering :

Á1 for low

Á10 for high and 

Á¢ŀōέ ǘƻ ŎŀƭŎǳƭŀǘŜ ƛƴǘŜǊƳŜŘƛŀǘŜ ǾŀƭǳŜǎ

Spray  - No discrete factor or MLCs

Next: Edit Constraints



Prevent Insufficient Coating

Define constraint as points on edge of cuboidal space.  Determine 
the setting for each factor that provides adequate coating while 
all other factors are at their low coating weight level.  Here are 
ǘƘŜ ŎƻƴǎǘǊŀƛƴǘ Ǉƻƛƴǘǎ ό/tΩǎύΥ

ςA (flow rate) җ15 when B = 3, C = 0.5 and D =1
CPA = 15 (must spray at a higher rate than this)

ςB (pressure) җ6 when A = 10, C = 0.5 and D = 1
CPB = 6 (must spray at a higher pressure than this)

ςC (linear speed) Җ0.3 when A = 10, B = 3 and D =1
CPC= 0.3 (must spray slower than this)

ςD (# passes) җ4 when A = 10, B = 3 and C = 0.5
CPD = 4 (must spray more times than this)
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Prevent Insufficient Coating
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On the Add Constraints Tool:

ςChoose the vertex to exclude (A=10, B=3, C=0.5, D=1)

ςLook over the inequality column: A > CPA, B > CPB, C < CPC, D > CPD

ςEnter the constraint points: CPA=15, CPB=6, CPC=0.3, CPD=4

/ƭƛŎƪ άhYέ ǘƻ  ŀǳǘƻƳŀǘƛŎŀƭƭȅ ŎƻƳǇǳǘŜ ǘƘŜ multilinearconstraint.

CƻǊ ŘŜǘŀƛƭǎ ǇǊŜǎǎ IŜƭǇ ŀƴŘ ǎŜŜ ά/ƻƴǎǘǊŀƛƴǘ ¢ƻƻƭ 9ȄŀƳǇƭŜǎΦέ



Prevent Over-Coating
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On the Add Constraints Tool:

ςChoose the vertex to exclude (A=30, B=10, C=0.1, D=10)

ςLook over the inequality column:  A < CPA, B < CPB, C > CPC, D < CPD

ςEnter the constraint points: CPA=20, CPB=6, CPC=0.3, CPD=5

/ƭƛŎƪ άhYέ ǘƻ  ŀǳǘƻƳŀǘƛŎŀƭƭȅ ŎƻƳǇǳǘŜ ǘƘŜ multilinearconstraint.

.

Next: Build optimal design



Spray Coating
Build an Optimal Design
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Spray Coating
Optimize

CƛƴŘ ŎƻƴŘƛǘƛƻƴǎ ǘƘŀǘ ƎƛǾŜ ŀ ǘƘƛŎƪƴŜǎǎ ƻŦ ά9.5 ±0.5έΦ άRestrictέ 
the number of passes to their discrete levels.

Spray  - Final
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Spray Coating
Optimize (postcriptif time allows)

Since there are many conditions that yield a thickness of 9.5 
ƭŜǘΩǎ ǇƛŎƪ ƻƴŜ ǿƛǘƘ ƭŜǎǎ ǇǊŜŘƛŎǘƛƻƴ ŜǊǊƻǊΥ

ςClick the Options button and check 
άInclude Standard Error Modelsέ

ςMinimize standard error.  Note:
low limit = 0.15& importance = +. 



New Features for RSM
(2nd batch) 

üSmoother color gradations on 2D contours: More 
impressive for presentations.

üRounded contour values: More presentable defaults 
ǊŜǉǳƛǊƛƴƎ ƭŜǎǎ ΨŦƛŘŘƭƛƴƎΦΩ

üPlant flags on 3D surfaces: Previously, you could only 
put flags on 2D contour plots.

üNew and fully configurable mesh option that reflects 
smooth, lighted colors off your 3D surface: Dazzle 
your customers and colleagues.

ü3D graphs that you can spin with your mouse: Simply 
grab and rotate! 
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Thickness surface 

Spray  - Final



New Features for Mixture Design

ü Partial quadratic mixture (PQM) analysis: Model non-linear 
blending behavior most effectively.  

ü Design for linear plus squared terms on mixture designs: 
Save on number of blends required for optimal design for 
non-linear blending.

ü Design for special* and full quarticmixture models: 
Capture extremely non-linear relationships among the 
components. 

ü Blocking expanded to simplex mixture designs: Blend your 
cake and bake it in two oven batches, for example.

ü Increased limit on components for screening and historical 
designs.  Design-Expert now handles up to 50 individual 
ingredients ςup from 40 and 24; respectively. 
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Too many Design-Expert V8 features with too little time ςAsk Pat for details.

Waste Glass Durability (Log)

Liquidus

*Cornell Exp 4 (a weak case for quartic�����R�U���³�*�O�R�V�V�´���I�U�R�P���0�,�;��


