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... using MODDE?® and DoE-DiVa®
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For those who don‘t yet know DoE-DiVa

- DoE-DiVa is a user-friendly Software for Engineers and
Scientists in R&D, developed in JAVA by umesft

- DoE-DiVa enhances Design of Experiments and makes it
more intelligent , with User-factors and eXplaining-factors

- DoE-DiVa enhances Similarity Theory for Dimensionless
Variables by integrating DoE for Scale-Up and Scale-Down
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Help

This is how the DoE-DiVa looks.

Design | Anafysis

View Settings ~ | View Design Design Diagn, =

Responses
Define Ractors
Key Low High Role  Unit  Transformation Dimension
00 2200 CONTR ¢ LOG TEMPERATL
P os 10 CONTR  bar LOG RESSURE
Mas 40  BO CONTR  kgh L0G MASS_FLOW
VaG 500 800 CONTR mA3hr  LOG VOLUME_FLOW
dd 0002 0004 SCUP LOG LENGTH
g rhe  Gas denity 10 10 CDEP  kg/m*3  LOG DENSITY
srho  Susp dadein v o ST g LOG DENSITY
enth  Entt D E_ D|Va h as a Joule LOG ENERGY
=} H Wkg'®)  LOG HEAT CAPACITY

-4 Conductor,
not a wizard ©

r hhr
Name | G ensit Ao &
) Dimension
Role Type | COEP - J o scur
meter
Dimension Type | DENSITY e
kg 1
Unit | kg/m @ <+ —7 .
Kel
formation | LOG
Mel
Low Setting = 1.0
Amp
High Setting | 1.0 and O

_ g I A bors l Ganel I
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DoE-DiVa‘s conductor is friendly

- DoE-DiVa let's the user choose his
Dimensions, Units, Transforms and
Scaling and carries them through all orewenne
the User-Software work session

Role Type

Unit

- DoE-DiVa differentiates between

User-factors and eXplainina-factors
Tx
q

Transfarmation

u X High Setting

01/02/23 umesoft

F Abk
1Gas density ADDEC | 9
Dimension
CDEP »  woscup
mete
DENSITY
kg 1
kgmr3a o+ | @] o 0
" Unit < |
LoG |
Unet View 1
|
10 Unit Name | kg
Offset
1.0
Gkt |
Save L l
Borschen| |
4
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] l .
DoE-DiVa‘s conductor is helpful
Based on factor di ions DoE-DiVi T“.
ased on factor |men5|or.\s oE-DiVa u X
suggests the Transformation to get
dimensio |® _ =]
A |B ciNE F
Focorrov. D 84 Pt {bnz lpis |4 [pis
_ Sometimes' depende Would you like to generate a VMatrix? 2 [1x 1 0 0 0 0
are already taken up as et 0 R T B A2 2P
. S : . 4 Msx o o [2 o |o
cdep u-factors, then it may — [Shwase 270 0 0 T T L o
. ilp ot o o o o — B o
be opportune to just use ¢ s o lo |1 :.0/635/0 o o fo |
. . . 5 B 02— ° - Cancel l Adjust I
an|identityrmatrix A e Sae— | |55 ®
Tlgme [0 Jo o Jo [1
— s [ o 55 |
_ OrjUSt adeSt... = Adjust Vmatrix 190 ::th 11 t}1 .0.5 : .:
01/02/23 (c) Prof. Andreas Orth, Umesoft GmbH, Eschborn umes@ft 5

DoE-DiVa‘s conductor is flexible

- DoE-DiVa allows overriding the suggestions for the Transformation
to get dimensionless x-factors,

Factor Ingut m Relay Input | VMatrix
a n d eve n How Would you like to generate a VMatrix?

helps you  [lmewms) 220t 1
do this: sl ||

Edit —— B

toremove A

PI5, e

:
8

switch
s_rho with g_rhoin VM_r

01/02/23 (c) Prof. Andreas Orth, Umesoft GmbH, Eschborn
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DoE-DiVa‘s conductor is virtuoso

- DoE-DiVa accepts dependency formulae in user units or Sl-units,

converts them
for you.

key name

p presssure

- DoE-DiVacan | .

Massflow S..

generate | VoG Volumeflo... g rho

| dd D durchm
formulaeto | .. .
export to o seiets

enth EnthOfVapor

MODDE® for | o Heat LdL:.::

|
optimization

01/02/23 umesft

User Unit Formula g rho=1000/((T)+273.15)*298.15

r
Sl - | [1000/T*298.15

Formulae Unit Copy User Unit Formula to Clipboard

(c) Prof. Andreas Orth, Umesoft GmbH, Eschborn

OK

Abbrechen

The DoE-DiVa-approach

Tx f(c, x))
u — | X e

Ty

y

h

V4

u: User-factor, to be set in the experiment, e.g. Temp, pressure etc.
x: eXplaining-factor, to be used in the model, e.g. a force-ratio
T,: transformation to get from u to x, e.g. ratio, dimensionless variable

c: coefficients or parameters in the model, _f to be determined by model FIT

z: measured response value

y: transformed response value, e.g. ratio or product of a z and some u
T,: transformation to get from z to y, may also just be log or neg-log

01/02/23 umesoft
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The role of the Transformations

Design: How to get u from f and the transformation

DIV T ) T
Model Fit: how to get coefficients, ¢, from x and y
E_D|\IO/ Tx f(c, x)) Ty
Do DDE® u factor X y response z
MO transform transform
Optimization: how to get the u from the specification for z
£® T fc, x)) T
MODD u - | X -— y -— b4
model&
design
01/02/23 (c) Prof. Andreas Orth, Umesoft GmbH, Eschborn 9
, The Approximation Trick to get T,
TODAY
Design: To get u from x, T, has to be inverted
Tx! fl.,.) L
u — | X e y  — z

Inverting a non-linear T, may be difficult or impossible, so T, is

approximated by a linear T, and when we write T, we mean T,

-1
approx approx

Model Fit: To get x from u for Fit, T, need not be inverted, T, is not needed.

01/02/23

Tx f(C: X )) T.'I»‘
u —lp ). ¢ — y -— z
factor response
transform transform

(c) Prof. Andreas Orth, Umesoft GmbH, Eschborn
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1. TODAY: The concept of dependent u-factors
2. Example: Spray drying, x_design and u_design
3. Optimization and Scale-Up considerations

Types of factor dependencies

- Quotients and Products of controlled (or constant)
u-factors can be directly used as x-factor T,ransforms
by placing correct exponents into the V-matrix.

BUT this is not always possible for:
- Nested formulae: \Nol-Mass-ratio, VM_r depends on
gas-density, g_rho, g_rho depends on temperature”,

- Non-linear formulae,

- Prior experimental or simulation results, available Mas
only as data tables. P

01/02/23 Umes@ﬂ (c) Prof. Andreas Orth, Umesoft GmbH, Eschborn 12
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Factor dependencies as formulae (possibly non-linear)

[ ] X
key name

T T s User Unit Formula g rho=1000/((T)+273.15)*298.15

p presssure

Ma5s Massflow S...

VoG Volumeflo... grho sl > ﬂ1 000/T*298.15

e Biduichin Formulae Unit Copy User Unit Formula to Clipboard

g_rho Gas density

s_rho Susp density

enth EnthOfVapor

o Heat capac...

OK Abbrechen

01/02/23 UI'I'lQS@ﬂ (c) Prof. Andreas Orth, Umesoft GmbH, Eschborn 13

simulation or experience)

Factor dependencies as data tables rom experimentation,

RelayDesign x: xT , y: yenth Factor Input | VMatrix Input Responses
Al B c Define Relay
O
2 1 Y X rSq rse rse %
- '2 e 36I304 grhe T 1.0 1.4493101331183131E-31 0.0
[ I enth T 0.9931823544750864 9.339125800379686E-6 0.002150436306513903
4 |3 |200 (34,962
cp T 0.994629138566753 5.7252693655533675E-8 1.3182920755028249E-5
5 |4 (220 |33.468
Data table with
the enthalpy Quality of the approximation is given as
dependency R? and rse, and relative rse in %

(rse = residual standard error)

01/02/23 Umes@ﬂ (c) Prof. Andreas Orth, Umesoft GmbH, Eschborn 14
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Relaying Factor dependencies to x-factors

How Would you like to generate a VMatrix? Relayed VMatrix

Import Vmatrix A plE = = : A B © D E F
i T | Bos | MSoc T |VMLE o 1 |T x ]p x .MS x VM_r |rho_r
System Suggest 2 T ! L d 9 us 2T 10558226 |, B782884 | 8782884 -1 1
5 8 o L ’ o v 3 T_N 9558226 ‘ 87828 ] B782884 1 1
Edit il 0 o |2 1o alp 0 7 o o |0
5 VoG 0 0 0 1 0 5 0 0 ) 1 0
Identity 6 jad I LA L - /5':::/ o o 0 1 0
7 |grho o lo |o 1 44\1_“\3 3 ] o o
] ! i 1 a 1 8 |g.rho_D 0 0 \0’ 1 1
Adjust Vmatrix 9 |enth L . L ¢ 9 |s.rho 1 o |4 0 1
10 |cp 1 0 0 0 0 10 lenth D 1 1 | 0 0

Temperature, T, dependency is relayed on to Vol-Mass-ratio, VM_r via g_rho.

01/02/23 UI'I'IQS@ﬂ (c) Prof. Andreas Orth, Umesoft GmbH, Eschborn 15

1. TODAY: The concept of dependent u-factors
2. Example: Spray drying, x_design and u_design
3. Optimization and Scale-Up considerations
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From a common project
with Fraunhofer IKTS,
Institut fir Keramische
Technologien und Systeme

Spray-Drying

TX in Dresden
u — X Z
Z: measured responses
u: User-factors, d50 of granulate,
T=GasTemp, grad of distribution,
VoG=gasflow, GranF F = hardness,
MaS=suspension,; Grrho density of gran,
p=pressure,  “gle uP Gfes hardness of a
dd 4—— fac’tor pressed preform
Zle https://www.ikts.fraunhofer.de/de/abteilungen/strukturkerami
r\o.z eter k/verfahren_und_bauteile/pulvertechnologie/spruehtrocknung
00223 umMeseft dlam (c) Prof. Andre'_as\,\(/)irl"[.)?,ilnswgro]fitc GhrEBTE?cLbom 17

Todays Spray-Drying-example (sprihtrocknung)

Scd‘@ up

Tx f(c, x )) Ty f acto;e
u — | X -—> y -— z nozZ r
diarge

u: User-factors, T=GasTemp, P=pressure, MaS=suspension, VoG=gasflow, dd
x: dimensionless eXplaining-factor: T_x, p_x, MS_x, MG/MS*rho (T)

T,: transformation: T_x=T, p_x=p*d>/enth(T), MS_x=MS?/dd/ rhos / c, (T)

c: coefficients or parameters in the model, f to be determined by model FIT
z: measured response value; d50, grad, GranF, Grrho, Gfes

y: dimless responses, PI6__d50, grad__y, PI8 _GranF, PI9__Grrho, Gfes__y

T,: transformation to get from z to y, solutions from Buckingham’s theorem

01/02/23 Umes@ﬂ (c) Prof. Andreas Orth, Umesoft GmbH, Eschborn 18
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Step 1: u-factors

VMatrix Input ' Relay Input ' VMatrix ' Keep Columns ' Responses = Settings
Define Factors
Key Name Low High Role Unit  Transf i Di i
T T 1700 2200 CONTR C LOG TEMPERATURE
p presssure 0.5 1.0 CONTR  bar LOG PRESSURE
Mas Massflow Susp. 40 8.0 CONTR  kg/h LOG MASS_FLOW
VoG Volumeflow Gas 500 80.0 CONTR mA3/hr LOG VOLUME_FLOW
dd D durchm 0.002 0.004 SCUP m LOG LENGTH
g_rho  Gas density 1.0 1.0 CDEP kg/m#*3  LOG DENSITY
s.rho  Susp density 1.0 1.0 CONST  kg/l LOG DENSITY
enth EnthOfVapor 1.0 1.0 CDEP Joule LOG ENERGY
cp Heat capacity 1.0 1.0 COEP  J/(kg'K)  LOG HEAT CAPACITY
01/02/23 (c) Prof. Andreas Orth, Umesoft GmbH, Eschborn 19
L]
Step 2: x-factors
Design | Analysis
Conductor | | View Settings ~ | View Design Design Diagn. =
(L | & 3

Relay Input | VMatrix  Keep Columns = Responses  Setting

Factor input
|
How Would you like to generate a VMatrix?
[ F
Impart Vmatrix o B D E J
1 Tx |px [MSx [VM.r |rhor
System Suggest 2 8 L0 A ] ki
3 p o [1v |o 0 0
Edit 4 [Mas o [0 |2 1 0
5 |VoG o o (1] ¥ 0
dantity 6 |dd 3 |3 |a o 0
7 |g.rhe o |0 |o 1 1
8 |srho 1 o 1 o 1
Adjust Vmatrix 9 [mnih il Ll i 0 0
10 |ep 1 Jo |o 0 0
01/02/23 (c) Prof. Andreas Orth, Umesoft GmbH, Eschborn
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Step 3: u-factor dependencies

Y Name Low High Role
T T 1700 2200 CONTR C
dd D durchm 0.002 0.004 0P m
g_rho  Gas density 1.0 1.0 ke
s rho  Susp density 1.0 1.0 ke
enth  EnthOfVapor 1.0 1.0 Jo
cp Heat capacity 1.0 1.0 I
Define Relay

CDEP is short for:
continuous
dependency

rse

0.9931823544750864 9.339125800379686E-6

01/02/23 (c) Prof. Andreas Orth, Umesoft GmbH, Eschborn

1.4493101331183131E-31

5.7252693655533675E-8

B! Relay DAG

rho_r

MS x

VM _r

o SR
/\-TD//
| el

21

Step 3f: u-factor dependencies

Define Relay
rse rse % |
1.4493101331183131E-31 00
0.99318235447p0864 9.339125800379686E-6 0.002150436306513903

0.9946291385§6753 5.7252693655533675E-8 1.3182920755028249E-5

User Unit Formula g rho=1000/((T)+273.15)*298.15

as formulae

Sl

-

[|10001T*298.15 ]

g_rho

Formulae Unit Copy User Unit Formula to Clipboard

01/02/23 (c) Prof. Andreas Orth, Umesoft GmbH, Eschborn

as data table

RelayDesign x: xT , y: yenth

yenth |
37,518
36,304
34,962 .
33,468 .

wmoAa W N

RelayDesign x: xT , y: ycp

A B
T |ycp
1,0196
1,0228

1,026

160

180

200

B w | M

1,03

22
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4: Info, Tappmx

— transformation as a matrix

Factor Input ' RUSEIGVRRTTES Relay Input VMatrix Responses
Factor Input = VMatrix Input = Relay Input
How Would you like to generate a VMatrix? -
Bef Relayed VMatrix
ctore ... ... and after Relaying...
A B i D E F
Import Vmatrix T - A B C D E F
1 [T_x p_% [MS.x IVM_r rhor
2 |T il o 0 tU 0 1 Tx px MS x VM_r |rho_r
System S t | |
i i [ 2 ¥ 19558226 | 8782884 8782884 |-1 1
3 p lo [1 |o o 0 | |
| 3 T_N -9558226 |- 8782884 |- B782884 |1 1
Edit 4 |MaS o |0 2 |- 0
1 1 4 |p 0 1 0 0 0
5 VoG 10 0 0 1L 0
1 5 |Mas 0 0 2 1 ]
Identity 6 |dd 3 |3 1o 0
1 6 (VoG 0 0 0 1 Q
7 |g.rho ] 0 0 n 1
I 7 |dd 3 3 1 0 o
8 |srho |1 [V 1 |0 1
= 0 ; : : ;0 5 8 |g.rho_D 0 0 0 1 1
- : en | _ — —
Adjust Vmatrix i: 9 |5t ; 5 ; 0 3
10 |cp 1 0 0 |0 0
= 10 |enth_D 1 1 1 0 ]
Previous Next Abbrechen
01/02/23 (c) Prof. Andreas Orth, Umesoft GmbH, Eschborn 23
L]
Step 5: choose x-factors to use
nl = X
Factor Input  VMatrix Input  Relay Input | VMatrix m Responses  Settings | Design Variation
Select Dimension-less factor(s) to Keep (2]
¥ T
2 ox VMatrix : Correlation
v Msx
A B < D E F
v VM .
= 1 |# Tx pX M5 x VM_r rho_r
2 7 19558226 8762884 | B782884 |1 1
3lp 0 1 0 0 0
4 |MaS 0 0 2 1 0
5 VoG 0 0 0 1 0
Max 4 x-factors is possible.
Previous Mext Abbrechen
01/02/23 (c) Prof. Andreas Orth, Umesoft GmbH, Eschborn 24
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Step 6: define z-response(s)

= X
Factor Input | VMatrix Input ' Relay Input | VMatrix ' Keep Columns Settings

Define Z-Response(s) (2]

Key Name Low High Unit Transf ti Di
ds0 ds0 45.0 55.0 pm LoG LENGTH
grad grad 0.5 20 sl LOG DIMENSION_LESS
GranF  GranF 0.5 1.0 kN LOG FORCE
Gfes Gfes 08 1.0 sl LoG DIMENSION_LESS
Grrhe  Grrhe 1.0 20 kg/l LoG DENSITY

d50, grad, GranF, Grrho, Gfes Provious Next Abbrechen
01/02/23 (c) Prof. Andreas Orth, Umesoft GmbH, Eschborn 25

(Uses Buckingham'’s
PI-theorem intro-
duced in session 2)

Step 6ff: define y-response(s)

Vmatrix = x-Settings | u-Settings | VRes Wres | y-response(s)

1 PI6_d50 |grad_y |PI8_GranF |Gfes_y [Grrho__y .

2 1 0 o o o o .. to find useful

3 0p 25 0 -5 0 0 exponents for the »
4 Mas -25 0 5] 0 -1 f t

5 |VoG -25 0 -5 0 1 actors ... Import
i 1 = — ... to make the

12 |gred 0 : 0 o o responses At

B : : : : g dimensionless

14 |Gfes 0 0 0 1 0

15 |Grrho 0 0 0 0 1

01/02/23 (c) Prof. Andreas Orth, Umesoft GmbH, Eschborn 26
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A owoN

W ® N ;oW

approx approx
Vmatrix x-Settings u-Settings | VRes | Wres | y-response(s)
A B C D E F G H I J K
I T Bt 1 PR 1l =] Pl | S s | e |
X P
Vmatrix x-Settings wu-Settings VRes | Wres response(s)
T 1,9558226 |8 i 2 ki
A B C D E F G H I J

T_N -9558226 |-t ]

B 5 3 1 T T_N |p |Mas VoG dd g_rho_D | srho |enth_D |cp_D
[Mas 0 0 2 X 4286821 0 -,5380803 -1613243 |,2673578 |,0538579 |0 0 0 0
.VOG B P 3 |px -3339453 |0 6401625 2555065 -0784389 | 2177126 |0 0 0 U
:dd 3 3 4 |M5.x 0821633 0 0885338 4371356 |,519299 -0535656 |0 |0 0 :0
i 5 |WM_r -0727948 |0 -0784389 | 0556964 |9829016 |0474579 |0 ] 0 0
‘g_rho_D 0 0 : ;
| 6 [T_N ,2614016 1 204135 --.3401526 1481891 |0 10 0 0

s _rho 1 0 |

D 7 ] 7 |grho D 0727948 0 0784389 -0556964 |-9829016 |-0474579 |1 |0 0 0
enth_| - - . :
5 A o B srho -3465188 |0 6266141 ,5984599  |,2519411 |-, 1074236 |0 1 0 0
|ep-| - :
9 |enth_D 1763001 0 1906159 ,5313178 |,7082179 |, 2180049 |0 10 1 |0
10 (cp_ D - 4286821 0 5380803 1613243 -,2673578 |-,0538579 |0 0 0 |l
11 |dd su -1,5338814 |0 -1,6528097 |1,1735951 |-3602863 |1 0 |0 0 U
01/02/23 (c) Prof. Andreas Orth, Umesoft GmbH, Eschborn 27

Step 7: view T, and its inverse T, -1

Step 7ff: view and.x—settings

Vmatrix = x-Settings | u-Settings | VRes y-response(s)

# Weight Outer Low] User Low| Inner Low Mean Inner High ser High ) Outer High
T 1.0 -3.10516 -3.10516 -3.10516 -3.059.. -3.01436 -3.01436
p_x 1.0 -4.06185 02107 -3.880.. -3.76082 -3.76082 -3.72004
M5 _x 1.0 -8.07754 V.84516 -7.756... -7.66708 -7.66708 743471
VM_r 1.0 3.87837 $0861 3.85312 3.89764 .89764 82788
T 0.0 2.66976 2.66976 2.66976 2.66976 2.66976
g_rho_D 00 2.80467 2.80467 2.80467 2.80467 2.80467 2.80467 2.80467
s_rho 0.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0
enth D 00 1.54661 1.54661 1.54661 1.54661 1.54661 1.54661 1.54661
x-settings have been generated for Scale Up
Transformation  Use
& 106 Inner Quter Setting Generate x-Settings
01/02/23 (c) Prof. Andreas Orth, Umesoft GmbH, Eschborn 28
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Step 7ff: x-settings |

Mean

-3.059..,

Vmatrix = x-Settings | u-Settings = VRes | Wres | y-response(s)
# Weight Outer Low User Low Inner Low

T . 1.0 -3.10516 -3.10516 _ -3.10516
G_x 1.0 -4.06185 | ]4.0210?

MS_x 1.0 -8.07754 -7.84516 -7.84516

VM_r 10 3.87837 3.80861 3.80861

T_N 0.0 2.66976 2.66976 2.66976

g.rho_D 00 2.80467 2.80467 2.80467

s_rho 0.0 3.0 3.0 3.0

enth D 0.0 1.54661 1.54661 1.54661

-3.890...
-7.756...
3.85312
2.66976
2.80467
3.0

1.54661

Inner H
-3.01436
-3.76082
-7.66708
3.89764
2.66976
2.80467
3.0

1.54661

U3 jow
2.0049/0 2.009/0
2.80467 2.80467
3.0 3.0
1.54661 1.54661

For VM_r inner limits and can always be chosen
outer limits are different  inbetween the two.

01/02/23 (c) Prof. Andreas Orth, Umesoft GmbH, Eschborn
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Step 8: Select the design variation- Generate

Toctor gt Vidakri lnpel Waley g b K

Select Dewgn Vanation
.

Factorinput  Wistris Input

Relay Inpuit ~ WMatrix  Keep Columns  Responses  Sestings  Desgn Yaration  JEUSEAR:E)

® Generate Design Select Design Type ("]
Import Design Runi  Dof  logDet GEM Cond.No.  madsl Coeturpaint | 3
1% 12 MR N/A a Intaracton
Generate Candidate g L e FI'GC FGC RES IV + 3 CP
A S A MNA T
Performed Design f| w12 NA Mo intarncten
‘ NA N D %
R e A B c o 3 F G H | | K
A r - - | I |
. . 1 Tx px [Msx  [vMr |T N |grho D is_rhc enth D |cp O |dd su
| For the dlmenslon- 2 RO -00111 [,00039 00023 00045 [0 o 0 o 0 0
3 |R1|-1,0009 |-1,0002 |-1,0006 |-1,0001 |0 0 [ 0 0 0
Iess x_faCtorS 4 [R2 |sese1 |-1,0002 |-1.0006 [ 9922 |0 0 o o 0 0
®) Gneral | Coafficients, | Pradictians & g2 l1nana | -ronne | ooasr  la n n n n n
Previaus Frrtigstaiien Abiarechen
01/02/23 (c) Prof. Andreas Orth, Umesoft GmbH, Eschborn 30
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Step 8f: Look at the design (uu-design)

Design | Analysis

Conductor | | View Settings = | View Design Design Diagn. =
Design X
A B c D E F G H I J Xk M N o
1 17 P [MaS !VQG dd |[g rho s_rho i enth cp dS0 |grad |Granf |Gfes |Grrho
2 RO |108s0428352 |2,223804 [2,5079028 |81,1819354 |.002 |2202679957 |1 138384198 (1113533 o Jo o o o
3 |R1 10029951891 |1,726049 (23171129 |641797766 [,002 [2323587332 |1 145033892 11089289 [0 |0 |0 0 0
4 R2 |1.1547447605 15722044 |22108639 |83.6437318 |.002 |208,8038971 |1 13,2038019 11181573 [0 Jo |0 o o
5 |R3 [1.0099951891 31446296 (23171129 (787767756 | 002 (2323587332 |1 14,5033892 |1,1089289 |0 |0 0 0 0 unfortunately
6 R4 1080428352 (2223804 [25079028 |81,1819354 |.002 |2202679957 |1 138384198 [1,113533 [0 |0 o 0 0
7 RS [1.1547447605 [2,8628527 |2,2108639 |68,1449066 |002 |208,8038971 |1 13,2038019 [1,1181573 [0 |0 o 0 0 Z-I’esponse
= ! ! ! ! ! .
8 |R6 10099951891 |1,726949 (28444755 |96,7059511 002 |232,3587332 |1 145033892 (17080289 (0 (o [0 0 0
- - — - : data are not
9 [RT [1.1547447605 |1,5722044 (27140447 |83,6543253 | 002 |208,8038971 |1 13,2038019 (11181573 0 jo o 0 0
T | 1 .
10 [RB  |1.0B0428352 |2223804 |2,5079028 |81,1819354 |.002 |220,2679957 |1 138384198 (1113533 [0 Jo ici 0 0 ava||ab|e
11 (RS |1.009,9951891 |3,1446206 |2,8444755 |78,7867527 002 2323587332 |1 14,5033892 11089289 0 [0 |0 0 0
12 [RI0 (11547447605 |2,8628527 |27140447 |102,6806007 |002 |208,8038971 |1 |13,2038019 (11181573 |0 [0 io 0 0
. u XK u scaled
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[
Step 8ff: ok-plot for u-design llinear!!
. collinear:!:
Conductor | View Settings « | | View Design [ies-gnDuagr\ =

OFK Plot

u-Design Ok Plots

»-Design Ok Plots

Design | u-Design Ok Plots X

= o .=

01/02/23

|
» | L] e
-
4
» | L[] L
Mas
Mas

(c) Prof. Andreas Orth, Umesoft GmbH, Eschborn
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Step 8fff: Look at the design (x-design

Design | Analysis

Conductor || View Settings ~ || View Design Design Diagn, =

Design X | u-Design Ok Plots

A B C F G H 1 J K L M N o P
1 T.x Ipx I-' ] ,g rho. D .s rho |enth D cp. D .:Id sU IPI6 d50 |grad_y :PiB GranF |Gfes_y |[Gmho_y
2 R0 |-305981 |-3,8909 26697643 |28046699 |3 |1,5466085 | 0109041 |-2562234 [0 0 0 0 0
3 R |310s2 |42t [26697645 |2804699 3 15466085 | 0109041 | 25341051 |0 0 0 0 0
4[R2 | 3014 |402m |266976a9 |28046699 |3 |1.5466085 | 0109041 | 25432186 |0 0 0 o 0 e
5 R |310s2 |-376081 26697649 |26046699 |3 |15466085 |0103041 |-25349072 [0 0 0 0 0 Conseq uently
6 R4 |-305981 |-3.8909 26637649 (28045699 |3 |15466085 | 0103041 |-2562234 |0 0 0 0 0
7|88 [sowur | 1 [psosroas Jzavesos |5 [rssesons owsour [2smess o Jo o o o y-response
8 RE [31052 |-402m 26697640 |28046609 |3 |1,5468085 | 0103041 |-2,5287883 |0 0 0 0 0
9 |R7 |-301441 |-4p0211 26697649 |2.8046699 |3 15466085 | 0109041 |-2,5204543 |0 il o o 0 data are not
10 RE |-305981 |-3,8909 26697649 (28046699 |3 |1,5466085 | 0103041 |-2562234 |0 0 0 0 0 . .
1 hRE_ 31052 | 3,76081 ‘?.559?649 .?.Eﬂdﬁm -3 15466085 E_Dlm'- ‘2_55'1?329 -0 o o o 0 avallable elther
12 [R10 | 301441 |3,76081 |2sso76as |28046699 |3 |1,5466085 | 0109041 | 25903464 [0 0 0 0 0
uy u o (e scaled
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) Step 8ffff: ok-plot for x-design (orthogonal !!

Conductor | View Settngs ~ || View Design I-.sé.sTgn-b:;gn. -‘ Ideal X_factor design

| OK Plat
Design | u-Design Ok Plots | x-Design Ok Plots %
| u-Design Ok Plots

5 1% 10 . » S i 1T | S LI 3 S (IR 1SR ¢ Syl S
£ = s
A"
! o ° ® ® ® @ ol ® e
p.X M5 x Tx rha_r_slk
- - 175 - - 375 - - - -
(- [ ] L] o » [ ] o, AKX L L] o ¥ L ] L]
px
0 o 300 i 7% ] L% 0 (i
VM MS x Tx ho_r_stk
= L ] L ] S L ] [ 3 [ L ] = [ [ ]
3 i) [ v
g 2 < g
° S @ . MS_x o . B ®
px Tx rho_r sik
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Step 8- revisted: Sel. design var. - Import

Factor Input | VMatrix Input - VMatrix  Keep Columns = Responses  Settings

Select Design Variation [#]

Generate Design

A classical RES IV Frac Fac
design for the u-factors, for which response
data are available

(@) Import Design
Generate Candidate Set

Performed Design for Analysis (and Prediction)

Previous MNext Abbrechen

01/02/23 (c) Prof. Andreas Orth, Umesoft GmbH, Eschborn 35

Step 8f - revisited: Look at the design (uu-design)

for which response

Conductor || View Settings « | View Design Design Diagn. ~ d ata a re ava I Ia b I e

Design X
A B c D E F G H i ] K W - |
1 [ T P .MaS :\-’OG dd .g_'hc .s_rho enth .cp -USD ;grad Granf | Gfes .Gn;'o H
F 170,0000473 |5 .4 0000001 In.:n.n:»ouu."s |.002 ‘573.?%9251 ‘1 |36.807522 I\ 0211845 (85 19294 7 551 |28 I EX p e rI m e nta I

3 1 |219990575 |5 |40000001 |49.000000s |02 |soasazsizz |1 |33se07577 |1.0206841 |33 177785 | 503 2348
4 R2 1700000473 |1 40000001 |49,9999996 |002 (6727969283 |1 36897522 10211845 |25 461 |67 | 756 |2.347 resu |tS fO r t h e 5

5 R3 [219,9999575 |1 40000001 |80,0000025 |002 (5045828172 |1 |33,5907577 |1,0296841 |40 1625 |78 |633 2367
6 R4 |1700000473 |5 80000003 |45,999996 | 002 |6727969283 |1 i‘éEBFS?.? [10211845 54 1740781 | 598 |2353 z—responses have
7 [R5 |2199000575 |5 |a0000003 |e0.0000025 |00z |soasaaatzz |1 |33ss07s77 |10206841 |97 1604972 | 545 2379 . .

8 |R6 (1700000473 |1 8,0000003 |BO,000002S [002 (6727969283 (1 |36EO7SZ2 (10211845 |73 2248955 483 [2378 been cop | ed | nto
9 BT |213.9999575 |1 B,000DO03 |49,9999996 | 002 |6045828172 |1 (335007577 |1,0296841 |26 1384669 |72 2348
10 I:RE 1949999701 [, 7500001 :599‘3‘3993 :BH.DDDDDEE E.CCI? :Eiﬁ.ﬂﬁﬂi-‘l'xS _Il i]ﬁ |21 :'!:0?5519 :12 .|.?Y43 _.?11 -_EI'F -2.35ﬂ i the COI u m ns here
11 RS [1949000701 | 7500001 50990993 650000066 |002 |6368685456 |1 (351612171 [1,025539 |42 15714 85 |61 2361

e u u X x scaled
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Step 8ff: ok-plot for u-design

Design | VResponse | u-Daesign Ok Plots X

@ &
a
° @
70 1 o e
-
i
@ a
£
a a
1 T 18 00 210
T
°

01/02/23

i [ ] l [ ]
RESSIES
- ° . L

£

) |
. |
. |

MS

—
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(orthogonal)

MG
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L ] | L
&
- Iy ]
L ] | L
50 & & L
MG
)
@ J. B
.
a T o
MG
@ l .
£
@ T °

Step 8fff: Look at the design (x-design)

Design | Analysis

Conductor | View Settings ~ | | View Design Design Diagn, = y_response data Calculated
Design X | u-Design Ok Plots | x-Design Ok Plots
B c o E F & H K L M N o P
Tx px M5.x vM_r TN grho D |srho dd_su Pl6_ds0 grad_y  |PIB_GranF |Gfes_y |Grrha_y
-4,0082523 |-4,9649372 |-7.7765122 |4128914 |26607649 |2,B046609 (3 15466085 0109041 |-2,2915044 |-1,74397482.. | 28542227, . |~ 25BB4B401... (467760695,
-39174468 |-49241598 |-7.7357348 |36783658 |26697649 |2B046699 (3 1,5466085 | 0109041 (-2,291196 |-2,10384981.. | 24839018... - 226945306... (4 46760809_..
46639072 |-7.7765122 (39247941 26697649 |2B046699 |3 1,5466085 | 0109041 (-2,3473553 |-2,14916624.. |- 3362990... o |- 121478204... | 446742308
39174468 [-46231298 |-7.7357348 |4.0824858 | 26697649 |2B046699 |3 1,54566085 | 0109041 |-23664231 |-1,99607625.. | 21085336.. |2.69582210... |- 4,6752282
-4,0082523 |-4.9649372 |-7,1744522 |36237641 26697649 |2B046699 |3 1,5466085 -2,2352813  [-1,96522749._ | 24072302, | 2.81427251.. {- 223208016, |4,16750192_.
39174468 |-452415%8 |-T.1336748 |3.7814558 |2.6697649 |2BO46689 | 1,5456085 -2,2543451  |-1,76187951... [ 20544797... |266105999... |- 263603457... |437639444..
7 23105065 |-1,81007088... | 35197014... | 2.39357518... |-, 316052669... |4,37621185...
-39174468 |-46231298 |(-7,1336748 35773358 26697649 |2BO4G699 | 1,5466085 -2,3102 -2,20739040.. (14132432, (259412150, |- 142667503... [4,16657809...
-3,9616366 |-47679126 |-T4033963 [3B388119 26697649 |2B046699 |3 1,5466085 | 0109041 |-2,3031559 |-2,02760028.. | 23408682.. |265247126... |- 208714835... |4,40914389...
39616366 |-4,7679126 |-7.4033963 (38388119 |26697649 |2B046699 |3 15466085 |,0109041 |-2,3031559 |-2,02760028.. |, - 214670164, |44078:
-39616366 |-4.7679126 |-7.4033963 |3B388119 |26697649 |2B046609 i 1,5466085 | 0109041 (-2,3031550 |-2,04878958.. | 20411998, |2 6B057204... |- 218063061, |4,40822590
uu u o (e scaled
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Step 8ffff: ok-plot for x-design (not orthogonal)

Design | Analysis

s e - v [smon <) THIS Is nOt ideal for fitting the y ~ f(c,x) -model

VM r

Design | x Design Ok Plots X
VM_r
- ® J o °
(- - _1_ =
g "o @
Ar
o =
= s

Vi r

01/02/23

OK Plot

u-Design Ok Flots

L]
_— x
_’_L._s_ s
| > >
=39 | ®
i L7 i 75 T4
pX MS x
450 :
o [ °
= o | o "
ol A7 o - AT
"
L= s @% | °®
MS x
e | °®
Qg
-
e® | e MS5_x

px
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1% °

L ] ; L ]
& |
e

f [ ]
e ISR
B —
® [
i .I+_
° | ™

M5 _x

. /

o /
rho r slk
\

ot \

s \
rho_r sk

®

0 — \
® X

Step 9: Analyse — Summary of Fit

Help

Design = Analysis

Fit a Model Edit Model | = Model Diagn. ~

Design | x-Design Ok Plots

Response RSquared qSquared rsd
PI6_d50 0.9436561539534315 \ 0.9136960999469821 0.013365759080477555
Gfes_y 0.7275512183804331 | 0.3455181527236393 0.00787879070530632
Grrho_y 0.9999945109793064 J 0.9999909637830152 1.472055541240581E-6
grad_y 0.5106394607587582 0.18543218795211658 0.15781103983514863
PI8__GranF 0.7564903091396313 0.017296045364006567

01/02/23

summary-of-fit X

(c) Prof. Andreas Orth, Umesoft GmbH, Eschborn

3.125426829947764
1.8307144248187912

no of runs degreeOfFn

11
1
11
1
11

o v O O O

40
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1. TODAY: The concept of dependent u-factors
2. Example: Spray drying, x_design and u_design
3. Optimization and Scale-Up considerations

Step

LGN A SURTIRAERY-Or.

10: Export of

x-Design

and

u-formulae

25/01/23

Fit Columns

(c) Prof. Andreas Orth, Umesoft GmbH, Eschborn

A B D E F T x px MSx VMr dd GranF grad Grrho Gfes d50 '18_ Gran grad_y Grrho_y Gfes_y PI6__d50|
T T T RO -4,0083 -4,9649 -7,7765 4,1289 0,002 0,7 19294 238 0551 85 279934 0,28542 4,67761 -02588 -1744
1 T Ls |Mas 1 ad 9-r R1 -3,9174 -4,9242 -7,7357 3,8784 0,002 0,65 17717 2,348 0,593 33 2,86922 0,24839 4,46761 -0,2269 -2,1038
2 |R0 [170,0000473 |5 40000001 |80,0000025 |002 |72 R2 -4,0083 -4,6639 -7,7765 39248 0002 0,67 0461 2347 0756 25 273186 -03363 4,46742 -0,1215 -2,1492
3 m 2199999575 | 5 40000001 |49.9999996 | 002 1604 R3 -3,9174 -4,6231 -7,7357 4,0825 0,002 0,78 1,625 2,367 0,633 40 269582 0,21085 4,67523 -0,1986 -1,9961
i i i N L S R4 -4,0083 -4,9649 -7,1745 3,6238 0,002 0,81 1,7407 2,353 0,598 54 2,81427 0,24072 4,1675 -0,2233 -1,9652
4 Rz |1700000473 |1 40000001 |49,99999%6 | 002 (672 RS -3,9174 -4,9242 -7,1337 3,7815 0,002 0,72 16049 2379 0545 97 2,66106 0,20545 437639 -02636 -1,7619
5 R3 21999:@'5?5 Y ..IIDDDUD.CI'I IBODD‘.JDU"!' 002 ‘Evﬂl R6 -4,0083 -4,6639 -7,1745 3,8279 0,002 0,55 2,2489 2,378 0,483 73 2,39358 0,35197 4,37621 -0,3161 -1,8101
s a a el L R7 -3,9174 -46231 -7,1337 35773 0002 069 13846 2348 072 26 259412 0,14132 4,16658 -0,1427 -2,2074
& (R4 |170,0000473 |5 BO000D03 [49.9999996 | 002 |67: Re -3,9616 -4,7679 -7,4034 3,8388 0002 074 17143 2368 0617 42 269247 0,23409 4,40914 -0,2097 -2,0276
. R9 -3,9616 -4,7679 -7,4034 3,8388 0002 065 15714 2361 061 42 263615 0,19629 4,40786 -0,2147 -2,0276
7 _R5_2‘9.999‘35-’5 .'5 B.0000003 ;300000025 002 ‘504 10.20616 42670 24020 0000 070 2 2 60440 2gonco 000410 Agnoo2 010 004
fRE  [170,0000473 8 . T = A x .. X,
] Copy | W7 Files saved : CONFIRMATION » T_C (10%(0.428682*V1 - 0.333945*v2+0.0821633*v3 - 0.036
9 [R7 |2199999575 |1 Pt | p_C (10( - 0.53808*v1+0.640162*v2+0.0885338*v3 - 0.039
10 R 1525999701 | 750008 i | Mas_c (107( - 0.161324*v1+0.255506*v2+0.437136*v3+0.027.
———————— & Commant call i o VoG_C (107(0.267358* 1 - 0.0784389%v2+0.519299*v3+0.491.
11 [RE 194.9959701 |,75000C - | dd_c (107(0.0538579*v1+0.217713*v2 - 0.0535656*v3+0.02:
12 RI0 1949985701 | 750000 o | Grrho_C (107 (v20+( - 0.161324%v1+0.255506*v2+0.437136*v3+
. Show Al | GranF_C  (107(v18+( - 0.53808*v1+0.640162*V2+0.0885338*v3 -
: | files (jspuehScupudesign-Formulae.csy, Gfes_C (107(v19))
port spushScupudasign Design.csv]) saved successhully into d50_C (107 (v16+( - 0.53808*v1+0.640162*v2+0.0885338*v3 -
Copy Filtered to Clipboard  D\DoEDiVa\program'sprihtrocknung grad_C (107 (v17))
Merge Filtered Clipboard T‘ e PI6__d50_C Logl0(v6*1.0E-6)+( - 0.53808*v1+0.640162*v2+0.0885
grad__y_C Logl0(v7)

PI8__GranF_ Log10(v8*1000.0)+( - 0.53808*v1+0.640162*v2+0.0885;

Gfes__y_C

Log10(v9)

Grrho__y_C Log10(v10*1000.0) - ( - 0.161324*v1+0.255506*v2+0.4:

42
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Step 10: Use MODDE® to Analyse and Optimize

Print

Share

mport

al design

14
13 A736M
14 -4, 791

25/01/23

-7,73573
-1.77651

77373

AR
713367
NAREE
713367
- 5,404
74034
-4, A
744039
-7.44044

5
4,12891
1,87837

192479
A,08243

3Fae

EXECES]
"
a1922
Lrr

6 Response  Response  Response
dd oed  Gaho Ges
0,002 19294 0,551
0,003 17717 0,593
0,002 0461 0,756
o002 1,625 0,633
i 1, 74017
ono2 1,609

Ay

1,326

1.7140

1,5714

16

0,461

Alai

(c) Prof. Andreas Orth, Umesoft GmbH, Eschborn

Respanse
ds0

85

33

Respense
Pia_GranF
279034
286422
273186
259522

A

“grad_y
0,285422

0,24839
-0,336209
0,210833
A0 sa
0205142

Respanse
Grrho_y
467761
446761
446742
67522
ERLTES
A,37639

440414
AA0T3E
A4
16652

46/ /01

Gles_y
-0.258848
-0,226945
-0,121478
0,19239¢
A

A
0,21467
SUAEgE
0,316053
11408

43

Pi6_d50

-1.74397
-2.10385
-2.14917
193602
-1, 88570
176132
-1,
220739
B G

2,027%
-AldiY
220739
<1040

Step 9f:

E R

@

Prepare the worksheet (... obs-columns)

Add uncontrolled factors, ... _obs

o and copy observed reponse values
p

v @

Hame Daesign Analyze Predict View

-0 X
Liniits Type Uss

Tx CQuantitative +  Controlled » -4,

L P Quantitative ~ Controled  ~

S Ms Quantitative ~ Controlied
W Quantitative ~ Controlled
dd Quantitative ~ Controlled

0,285422

25/01/23

Grfd Cuantitative »  Lincentrol

i i) Chsnlitalive  Ungomlrolled o
8 Grhod Crugnttative »  Unconmallec
4 |dsoobs [l Cusrilitalive « Unonlrollid
+  Add
4 »
L I 1

1z 12

11 11

0,002 ‘ 3 . ), - . 85 1,9294 2.79934 4677

0,002 0.65 1.7717 33 17717 i3 286922 0,24839 4,467

0.002 067 0.461 25 25 273186 -0.336299 4467

10 Ar 2695332 0210852 4,675,

i bl Ad 440 DAL 4R

a7 2370 0545 a7 106 0205448 4270

(a3 R N4l i 1Ty 4L

(] i 248 vz 26| 239112 0141224 4. 160!

L L7 47 PRk HEYN &4 AR DGy AL
23321 ES 12 2261 061 A2 283815 0100287 4407
RHHA e 1.6 41 1.6 AR aif 4 415
11 0482 a5 4.160!

Exclude these two rows .. v T

(c) Prof. Andreas Orth, Umesoft GmbH, Eschborn
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Step 10: Use MODDE® to Analyse and Optimize

01/02/23 (c) Prof. Andreas Orth, Umesoft GmbH, Eschborn 45

Step 9ff: Check the worksheet (u-T-ransforms)

B wm oo e W

=

cup1-Dasign.cs, E Pro - [Worksheot] =i e
View v @
| Responses Factors Summary of Fit Plot 2
20| 3| & 5 6 T 8 1 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27
xg Ru Incl/E | pk | WS StV a grade Grfo Gho Gfeso dS0 grad Granf Gho Gfes PI6_dSO grad y PIB_Grs PI9_Gret Gfes y | T [ pc [ msc | o
1 RO 6 Ind « -496494 -9.21862 412891 85 19294 o7 238 0551 85 19294 238 0.551 3 85422 2,79934 0.677607 -0.258848 169,993 0 004 4,00002
2 R1 9 Ind ~ -492416 -9,22222 387837 33 77T 065 2348 0593 33 17717 0593 -210385 024839 286922 0671728 -0.226545 | 220,001 0,500004 400003
3 R2 |12 ind ~ -4,66391 392479 25 0461 067 2347 0756 25 0461 214917 -0,336299 273186 0370513 -0.121478 169993 1,00001 4.00002
4R35 md v AB2373 2 408249 1625 078 2367, 0633 10 199508 Q210852 260582 0271108 0108506 220007 100001 400002
IR LE R LN e Rl i DSRE 54 DSRE -188520 DAL PRI DRGERSE -DFEEEEE 1a8.888 ) DG SN
G ORI 12 Ind - - iz 055 o7 0545 176182 0205418 200100 007T421 0202004 220,001 0500004 500005
[ L I TS ity DAk o DRI AOERE DUHRATE SIUVIRDSE 169889 1 11 i
8 RF 10 Ind = 1 0,60 arz o 0141224 250412 0270608 01420068 220,001 | 1.00001  2.00005
8O I o - 1,/ nid AT 47 LAWNET AL DAWSEE SFR0TS 194885 DD RDDDng
10 BRI 11 Ind = 4 15714 065 061 4z & 0196287 202615 0408025 021467 1949353 0750021  G.00007
1T RIE 4 dned - - 1 L LRI M DAREHNE -LFTRSRE 194885 LS R e
12 Rif 2 1 & 0370513 G052

ECHPAPRTEER e weoAranE | oa| 0ish 1,0 R ETE Wy

all experiments done at dd = 2mm (nozzle diameter)
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[ d
L]
Step 9ff: FIT the model — y-response to x-design
Residuals Mormal Probability Plot Coefficent Plot Summary of Fit Plot  X| Coefficient Plot Observed vs. Predicted Plot Coefficient Plot ‘Worksheat | Rasponses Factors | Optimizer
Summary of Fit - spuehScup1-Design.csv (MLR) Wr
1 |
08
06
04~
02
o
-0,2= T T T T
Pl6_d50 rac PI8__GranF P19__Grrho Gfes_y
sz_d%o ?ﬂ:u; DF=6; R2=0,94); grad_y (N=11; DF=6; R2=0,51);
PI8__GranF (N=11; DF=5; R2=0,96); PI9__cGrrho (N=11; DF=6; R2=1,00);
cfes__y (N=11; DF=5; R2=0,98)
01/02/23 (c) Prof. Andreas Orth, Umesoft GmbH, Eschborn 47
[
.
Step 9ff: Diagnose the model for the y-responses
Residuals Normal Probability - spuehScup1-Design.csv (MLR)
Pl6__d50 grad_y PI8_GranF
=095 =3 - o 2095 =3 L4 & 2095 IR Fica
3 2 o " |5 b ¢ - - =
T ki - | A 4 ! 7 e | !
S 06 | & 06 i B i 0 067 ! |
8 4 | 204 | B g4 ! !
£ 02 [ € 02 il B i E o2 | i
5 § p @ H 5 H |
Zp05 } ; | Z005 T } ; H Zoos =i —
5 4 -3 2 4 0 1 2 3 4 5 8 : 0 2 4 6 & 5 -4 -3 2 -1 0 1 2 3 4 5
Deleted studentized residuals Del iduals Deleted studentized residuals
PI9_Grrho Gfes_y
2095 =] o =3 2095 [=3 o d I Y]
£.E L@ ° i @ : That’s why the
i ® =0 [ ]
S 06 e 8 o6 ﬂnf»n
3% K A 3 o1 BT model for grad_y
gu.z T 11 Eo.z _n.)-
2000 12| L 2005 A . was so bad
-5 -4 -3 -2 -1 1) 1 2 3 4 5 -5 -4 -3 -2 -1 1] 1 2 3 4 5

Deleted studentized residuals Deleted studentized residuals

PI6__d50 (N=11; DF=6; R2=0,94); grad__y (N=11; DF=6; RrR2=0,51);
PI&__cranF (N=11; DF=5; R2=0,96); PI9_crrho (N=11; DF=6; R2=1,00);
Gfes_v (N=I1: DF=5: R2=0.98)
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Step 10: Optimize for the low Scale, dd = 2 mm

Setpoint 1

#
15
16
17
18

Selected setpoint: #18

Altarnative setpoints:

logiD}  |Prob. of fai. *
-0,531 0%
-0,531 0%

0,535 0%

0572 0%

0,572 0%
Select best run »

Find robust setpoint

01/02/23

Objective Setpoint (#18) Alternative setpoints

Response Ohbjective Value Response range log(D) Prob. of failure Cpk
10 Predacted -0.207759 L]
1 Pridictid 104,984

Predicted
Maimize

14 Predicted

593178 569804

63,8781

15 Predicted 0,002
16 Predicted 236173 .
17 Predicted 0650667 "
18 i Maximize ogta7as | = | o2sraz
19 Inside anooos ¢ 0%
20 i Minirmize 139204 | L] l 1.51211
21 [PISRMEOIE N Frccicted -1,99894 .
22 § O Fredicted | 0.205017
2 i Predicted 267263
24 Setha € Predicted 0429304
25 Predicted -0,198309 [ ]
Fartor Role Factor range Factor contribution
-1 Constant 0002 19,7911
6 d Froe 427748 T = 0

(c) Prof. Andreas Orth, Umesoft GmbH, Eschborn

Maximize Mas, while
d50 stays in spec,
and grad is minimal
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Step 10ff: Optimize for the high Scale, dd =

Setpaint 7

Selected setpoint: #20

Alemative setpoints:

logiD} Prob. of fai..| »
-073 0%
0737 0%
0,588 0%
0812 0%

Selact best un -

Find robust

O The run with lowest
logiD) is selected.

0%

01/02/23

Objective Setpaint (#20) Alternative setpoints

Response  Objective Value Response range log(D)  Prob, of failure Cpk
10 § Predicted 0114776 (]
1 Predicted 200,564 .
Predicted 0.1, L]
PrETTET 54,4908
15 Predicted  0,00399999
16 Predicted 02927 (@
1 Predicted 0337967 =
18 Masimize 0767754 | . | -osssass
19 Inside g 0%
20 |grad Minimize r1ooa1 | m |
21 [Pi6_ds Predicted 248874 ®
22 Predicted 0,141324
23 Predicted 292635
2 Predicted 126562 W
25 [GIRRYOIN Prcdicted | -0,142667 .
Rale Value Factor range Factor contribution
* Constant 0,004 10,9823
[} § Free 26 o

(c) Prof. Andreas Orth, Umesoft GmbH, Eschborn

mm

Mas, 2 times higher
d50 better in spec,
and grad is smaller
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Gefardert durch:

@ Bundesministerium
fiir Wirtschaft
und Energie

aufgrund eines Beschlusses
des Deutschen Bundestages
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Vielen Dank!

(c) Prof. Andreas Orth, Umesoft GmbH, Eschborn

ganz besonders an:

Chhawang Lama
Anthony Orth
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