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statistics made easy™

Agenda

Objective

Showandtell what DOE can do with the aid of dedicated software
from StatEase and support of its experts.

Approach

x Span features from simple to sublime

x Spare on methods (get fro@implifiedseriesc DOE/RSM/Mixture)

x Not an exhaustive presentation of features. For a complete list,
seewww.statease.com/dx8descr.html

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

2. Response surface methods for process optimizati¢®
3. Mixture design for optimal formulation
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New Features for Factorig]$st batch)
Simple Stuff (but very useful!)

statistics made easy™

U F1 Help now context sensitivlleadsup on how to navigate "

screen currently on view (also see more detail in Screen Tiuo;.

U Design layout column widths now adjust automatically by
double-clicking columrmeader boundariesMultiple
columns adjust simultaneously!

U Attach row comments by rigktlicking on row headergs
handy way to record important observations.

U Many new, highvisibility tools:Optional views, such as
Model Graphs, are now easily seen.

U Better defaults and tick markslicely rounded values
provide presentable graphs straight away.

U More-interactive cube plotsClick on design points to see
factor levels and response predictions on graph legends

Popcorn

What's New in Desigkxpert V8 4




New Features for Factorial@"d batch)
More Sophisticated

statistics made easy™

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

U 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 noAinear response behavior.

Stent -CPa
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@5accose  New Features for Factorial3 Batch)
C2NJ YDSy SN

wood failure

4 Error estimates
Shapiro-Wilk test 99
W-value = 0.887 |
p valggd 0.159 > ] Og
sadmve 2w
D: C apmp 3 E =)
E: Pressure 69_ 90g =)\
V Haltnormal selection of ¢ - oy ChB
important effects orall g 70 &
factorial designs, notjust 2 5 5
two-level.* g 3 f
U For example, for 5 woods glued %
with 5 adhesives, using 2

. . l l l l l
applicators with 4 clamps at 2 0.00 2.67 5.35 802  10.69

pressures. Thatal effects
become apparent at a glankte

Note: To plot multiple ==>|Normal Effect|
contrasts on a&ompar

ative scale, the effects

are normalized.*

Hardwood
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@<t ar-cose A Handy V8 Feature for Categorical Factor
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V Pushbutton averaging on the
factors tool:
U Provides far easier main effects
plotting and makes interactions more

meaningful. Previously, the only
option to average factors came via a

hidden droplist. The screeshot )
series shows the result of simply
IINEAaAAE OHAGEY TT  *

glued with 5 adhesives using 2 h

applicators at 2 pressures. T_hls T Al dee
causes the least significant difference reference lines
(LSD) bars to shrink, revealing an on plots, a new
important difference between two feature in V8- Set
particular clamps. horizontalat 50.

What's New in Desigkxpert V8 7




)

at-€Ease

st

0

Strategy ofExperimentationRSM

Screening
Factors Factors

Trivial

Response
Surface
Methods

Verification

no

What's New in Desigkxpert V8

yes



B New Features for RSk
(15t batch) “&*

U Constraint calculatoiSimplifies the process for
calculating constraint inequalities

U Direct setting of discrete (fixed) numeric levels in for
response surface method desighsmit factor settings to
reasonable levels, but still produce continuous models.

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

U IV-optimal designideal for optimizing constrained
process or mixture experiments.

Seerthesedools pub tos userin-the/ Jollowingecase .55.
9
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@Star-case Spray Coating a Stent

~
Name Units i 1level +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

Issues
¢ Passes of the coater cannot be incomplete, that is,
they must be set at integer values.
¢ Atoneextreme (A=10,B=3,C=05and D =1)
iInsufficient coating is applied by the sprayer.
¢ At another extreme (A =30,B =10, C=0.1and D = 10)
the sprayer applies too much coating!
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Spray Coating

Discrete (whole) number of passes

Stat-€ase

statistics made easy™

0

Responze Surface
J Mumetric Factors: IN; (1 to 30 ™ Horizontal
) Categoric factors: |0 | (Oto10) f* “ertical
Central Composite —
Box-Behnken A [Mumeric] | B [Mumeric] | C [Mumeric] | D [Mumeric]
One Factar N .
Miscellaneous E"IT'E flovy rate pressure linear speed  |passes
optimal Uit tmilftmin kPa inchifzec #
U.Ser-l.]eﬂned Type Continuous  Cortinuous Cu:untinucuus
Historical Data ——
Lewvels  pa i, M1, 10
Spray - No discrete factor or MLCs L1l o 3 0.1 1
L[] 30 10 0.5 2
L[3] 3
L[4] 4
Giscret€ A& | yYdzYSNRAO T O 2 NJ | 0o|dzi
restricted to thevaluesyoudefine, in this case 6
by simply entering : 7
A 1 for low E
. . 9
A 10 for high and
Ac¢loé¢ (G2 OFf Odz I GS [ SIRA |
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Stat-€ase 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 levédere are
0KS O2yaiNXAYyd LR2AYGa o/t Qauvy
¢ A (flow ratepkl5whenB=3,C=05andD =1
CPB, = 15(must spray at a higher rate than this)

C B (pressurex6 when A=10,C=05and D=1

CR = 6(must spray at a higher pressure than this)
¢ C (linear speed¥.3when A=10,B=3and D =1

CR = 0.3(must spray slower than this)
¢ D (# passesy4 when A=10,B=3and C=0.5

CR, = 4(must spray more times than this)
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@stor-€cose Prevent Insufficient Coating
Mame Lovy Actual High Actual Yertex = = =kip i \\
il floew rate 10 30 10 A= 15
E pressure 3 10 3 B= G
Sillinear speed |01 0.5 05 C = 0.3
Bl pazzes 1 10 v D= i /

On theAdd Constraints dool
¢ Choose the vertex to exclude (A=10, B=3, C=0.5, D=1)
¢ Look over the inequality column: A>,CB>CP C < CPD > CPp
¢ Enter the constraint points: GP15, CE=6, CR=0.3, CF=4

/] £t A0l dahyYé (2 I daintifheadchnStiaintf & C_|2 YL

-

C2NJ RSGFAfTA LINKaa | StLI IyR &
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Stat-€ase Prevent OveiCoating

Mame Lowy Actual High Actual f Wertex = = zkip ' i\

Bl flovwy rate 10 30 30 A = 20

—_—

Bilpressure 3 10 10 B= 5

Cillinear speed |01 0.5 0. = 0.3

—_—

Bl passes 1 10 \llil D= 5 /}

On the Add Constraints Tool:
¢ Choose the vertex to exclude (A=30, B=10, C=0.1, D=10)
¢ Look over the inequality column: A<,CB<CRC>CPD<CP
¢ Enter the constraint points: GF20, CE=6, CR=0.3, CE=5

/] £t A0l dahyYé (2 I dainutifheatichnSttaintf & QP YL
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Dt cose Spray Coating
Build an Optimal Design

rOptimaI Design

Model points: 15

Cluadratic To estimate lackof fit: &

Replicates: S

Blocks: | Options. .. | Additional center points: 0

|| Force categoric balance Totalruns: 25

"Best' will try both Point Exchange and Coordinate Exchange =earches of the design space. Thiz could result in
some unusual combinations of factors. If you reguire certain candidates or combinations of factors, switch to Point

M-optimal designs provide lower average prediction variance across your region of experimentation. N-optimality
iz desirable for response surface methods (RSH) where prediction is important. The algorithm picks points that
minimize the integral of the prediction variance across the design space.
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sssssss Spray Coating
Optimize

CAYR O2YRAUAZ2ZYA (OKIBE Bdeigcs |
the number of passes to their discrete levels.

A Criteria 7 Soldtions

Graphs

A flowy rate D:passes
EIEF.:'rESSWE # Dizcrete numeric factar
. Clinear speed
Spray - Final
thickness ol I'n Fange j
Lovvet Upper
Limitz: |1 10
Weightz: |1 1

: Importance; |[+++ 0
Options...
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Stat-€ase Spray Coati ng

Optimize(postcriptif time allows

Since there are many conditions that yleld a thlckness of 9.E
f SIQa&a LIAO] 2y S ¢ [Eommemas =l IN
¢ Click the Options button and cheg| — srensewsres [»
dnclude Standard Error Models

¢ Minimize standard error. Note:
low limit =0.15& importance =t.

hecimum Mumber of Solutions: | 100
M cCriteria 7 Soldtions Graphs v Include Standard Errn@

Use upta |50 design points

Duplicate Solution Eiter: I_ Epé'u:un +
1 1

Simplex Fraction (0.01 to 0.2y | 2.1

A:cflow rate StdErr{thickness) Detauits |
E:pressure # Dizcrete numeric factar ; ;
Cilinear speed i Cancel | Helg |
# rpazzes — :
thickness Goal Imlnlmlze j
=tdErrithickness] — Lipper

[0.272848

WiEight = |1 |1

—
Options. ..
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@S ar-case New Features for RSkw
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i =

(29 batch) =

U Smoother color gradations on 2D contou¥&ore
Impressive for presentations.
U Rounded contour valueddore presentable defaults
NESIldZANAY3I fSaa WFARRIAYID
U Plant flags on 3D surfacd3reviously, you could only
put flags on 2D contour plots.
U New and fully configurable mesh option that reflects
smooth, lighted colors off your 3D surfaé®azzle
your customers and colleagues.
U 3D graphs that you can spin with your mousen8y
grab and rotate!

Thickness surface

What's New in Desigkxpert V8 .
Spray - Final
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statistics made easy™

New Features for Mixture Desiss>

Too many DesigExpert V8 features with-too little timeAsk /Pat for/details.

U Partial quadratic mixture (PQM) analyvodel nonlinear
blending behavior most effectively Waste Glass Durability (Log)

U Design for linear plus squared terms on mixture designs:
Save on number of blends required for optimal design for
nonlinear blending. Liquidus

U Design for special* and fuduartic mixture models:

Capture extremely noelnear relationships among the
Components. *Cornell Exp 4 (a weak case for quartc RU 3*ORVV’  IURP 0,;

U Blocking expanded to simplex mixture desigdlend your
cake and bake it in two oven batches, for example.

U Increased limit on components for screening and historical
designs.DesignExpert now handles up to 50 individual
iIngredientsc up from 40 and 24, respectively.
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