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optiSLang enables 10T & Industry 4.0
\

Virtual Product

Calibration
Simulation = Hardware

Digital Twin
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Agenda

 Interactive post-processing and data visualization

e Automatic approach for signal analysis

e optiSLang for everyone: “Democratization of simulation” & digital twins
e Nested systems “in Action”: performance maps & Co.

e Create and use reduced order models in a world of complex systems

e Data-based ROM’s (F-MOP)
e Physics-based ROM'’s




Premium Sponsors Exhibitors

CADFEM | Ansys

((—— @\ \ MAG CAESES
&L\-' ’ hﬂbos A\\ NA =




dynardo

optiSLang

,,,,,,
,,,,,,,,
........

Interactive post-processing e RN
and data visualization T A

...............

..............

Dynardo GmbH




© Dynardo GmbH dunor\do

Outline

e Generate and evaluate the Metamodel of Optimal Prognosis

e Cluster analysis
Local CoP
- Visualization of signals, st
images and processes 0.992
0.990
0.988
0.986
0.984
0.982

0.980
0.979

optiSLang: Interactive post-processing and data visualization
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Generate and evaluate the
Metamodel of Optimal Prognosis

"?\

optiSLang: Interactive post-processing and data visualization
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Experimental data analysis

e Topic: Ultra-short pulse laser processing of technical
ceramics, 2-dimensional ablation of Al,O,

e Aim: Minimal roughness and maximal abrasion
e Characteristics of the process:
— Many interacting and derived inputs

— Technical limitations of input levels, discrete inputs
— Non-linear process

With courtesy of ifw Jena
optiSLang: Interactive post-processing and data visualization
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Excel Add-In

e Use the Excel Add-In to export your
data in an optiSLang data base

» Statistics post-processing for data file

» MOP generation with external data

Data layout:
A | B [ C | D | E [ [Horizontal {One row per design) EEE ) v
1 Details Parameters Parameter names: 'w
2| N X1 | X2 | X3 | X4 | : :
3 1 11,9154 24178 2,2294 -2,6062 | Automatic (first row) obtiSLan —
4 2 B | P 99
5 3 —
6_ 4 Available Ranges: E}Epﬂrt
7 5 (XL, X2, X3, X4, X5 -
s |
9— / Range with 5 parameters for 100 designs.
10| 8 : :
11 | 9 | < Back | [ﬂext> ] [gancel ] [ Finish ]
12 1
Tutorial: Help/Tutorials/Tools/Export_Excel

Help/Tutorials/Tools/MOP_external_data

optiSLang: Interactive post-processing and data visualization
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Correlation Matrix

e Correlation matrix with Anthill plots and histograms to visualize
correlations

F P Uev Ueh al aP AdUe WL dF A ApS Ra | <
— = T ' =g e S - - L L

0.769 0.838 |MESERN I H
| 0.508

aL  aP AdUe WL dF A ApS Ra t

Parameter | Responses

L 1 1 1 1
P Uev Ueh aL aP AdUe WL dF A ApS Ra t

6l bl kad el o (R GR
i 5 o | TR e = | : 5

P Uev Ueh

F
F

T T T T T T T T T = T T . T 1
F P Uev Ueh al aP AdUe WL dF A ApS Ra t
Samples 100/100 (0/0 failed)

optiSLang: Interactive post-processing and data visualization
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Correlation Matrix

i i Windows | MOP  Help
e Deactivate parameters to see their Manage windows...
impact on the correlations Approsimation
e Manual check of reduction of input Datamining | Designtable
correlations possible optmuation 7 || Parametrization
Reliability 4 ¥ | 2D Anthill plot
Statistics » ou
F P UeV Ueh a ap AdUe dF WL El;zrflllel julll:inatﬁ plot
f’ aL aIP AdIUe d.F Signal plot

L H5 Parameter | Responses
7
Activation Name
® | _g 11 AdUe
nQ & he]
34 & T
c : 2 al
a I ™ . " . . :
o IR, T % e
— geeRe 8 N gt + : o
% \ Y, \_: ° S0ty ) = :j
£ o~ N L. i ™ Y o
© [ | ey 5, ¢ e ‘ o . -
SR ; =
\ AN YA A\ J
"r__ B . N ™y 7 =~ i =
a H - . ' : fl Ha
et ) | Jlt i AR
1 1 1 1
al AdUe dF

aP
Samples 100/100 (0/0 failed)

optiSLang: Interactive post-processing and data visualization
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MOP generation

e MOP generation in Postprocessing is now possible!

File Edit View Windows MOP Help

A Y Owe O F B &k

" Create and update database
“%, Create and save as new database

[ ] uze advanced settings
Tested memodelslderm +MLS + isotrop. Kriging "|
Variable reduction | Automatic reduction v |
Write crossvalidation values

Inputs

Parameter Importance ™

1F Selectable

2P Selectable

Selectable

optiSLang: Interactive post-processing and data visualization
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MOP generation

e MOP generated with manually deselected parameters

Use advanced settings
& F P Ue, Ue, & ap AdUe d WL
Property Yalue
Testing type Cross valic ‘ ‘ . ‘ .
Approximation type Smoothin ‘ & '
Resampling for single CoPs  Empirical I
Max. responses in parallel 1 “I 20.0 %
Inputs
Pararneter Importance
1F Unimportant
g 2 80.8 %
2P Selectable
[%]
3
U Uni rtant
3 Uev nimportan § ‘
4 Ueh Unimportant
16. 30.3 %
5 alL Selectable
& aP Selectable T P
7 AdUe Selectable
lﬂ ‘!ﬂ" -86.8 %
8 WL Unimportant =
dF Selectabl ‘ : : 1 ;
° slectenE aL ap AdUe dF Total

Parameter

optiSLang: Interactive post-processing and data visualization
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Indication of Possible Outliers

e The residual plot shows the predicted values (from cross validation)
vs. the original data values by indicating lower and upper error bounds

e Error bounds are obtained from the standard deviation of the
error values (RMSE) multiplied with the user defined sigma level

» Samples outside the error bounds may be possible outliers

5 10 15
]

Predg:ted values

-5

o %Bﬁ' ) Show ordinate as: [Ualues A ]
' / Sigma level: 3.00 El
v | 1 | 1 L J
-10 -5 0 5 10

Data values

optiSLang: Interactive post-processing and data visualization
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Indication of Possible Outliers

e The Sample CoP gquantifies the contribution of each sample to the
global CoP value

e The mean of all sample CoP values is equal to the global CoP

J
2' . - .. .!.:' .-.‘...'. .t.: .g.. l.. O ...;
*s s, - - L B o
., ¢ .:- S . .

X ’ .
s - Residual plot
i
o .
S Show ordinate as: [Sample CoPs - l
g .
“60_
2o
o .
S
§ oo
o .
=1 95
E® 19 .
g .

=28

w

31
1 | L ] |
-10 -5 0 5 10
Data values

optiSLang: Interactive post-processing and data visualization
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Neglection of Outliers

» Select outliers in the residual plot
= Deactivate them via the context menu
= Update the MOP directly in the post-processing

OUTPUT : Y

File Edit View Windows MOP Help '

|
L]
==y
O

%@

:El@ OrUpdateG%H

5

Pre%icted values

=5

=10

Data value

@ Showr Statistical data

optiSLang: Interactive post-processing and data visualization

Rescale
Redraw
Zoom in
Zoom out
Appearance

Deactivate
Activate all
Use current design values

Color

Alt+R

Alt++
Alt+-
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Local Prediction Errors

e Local approximation errors are estimated model independent
from sample cross validation errors using local averaging

e Local CoP and RMSE are

. Local CoP
obtained from locally 0.994
weighted squared errors _—

0.990

e Distance depending weights 0.988
0.986

» Indicator for possible 0.984
adaptation of meta-model 0.982

—r 1 T = — &=
O -
b b hWONS O @D

optiSLang: Interactive post-processing and data visualization



dynardo

© Dynardo GmbH

Experimental data analysis

e Obtained results:
— Galin on process understanding
— ldentify the most influencing factors
— Quantify optimization potential
» Optimize and fine-tune process depending on application
(desired abrasion and roughness)

[wi]
ssauybnoy

purd
With courtesy of ifw Jena

500. 0 £698. 4

optiSLang: Interactive post-processing and data visualization
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Cluster analysis
"’\\
-

optiSLang: Interactive post-processing and data visualization
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Parallel coordinates plot

e One line represents one design

e One column represents one parameter, response,
objective or constraint

e For each parameter the full variation range is shown and
can be modified by sliders

height | pulse_width_modulat... | Temp_Magnet | costs | efficiency | mech_pow...
!g number of turns | commutation | Temp_Winding | e _power_in | i_board l
19.9857 40 0.99483 14.9583 170.58 383.4 433.992 999.25 0.769 78.06 458.28
] &) G =)
td =] =] (5] =] =)
12.0524 24 0.900622 5.04167 126.37 148.28 283.074 212.76 0.43 115 80T 162.21
Parameter Responses

optiSLang: Interactive post-processing and data visualization
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Parallel coordinates plot

hei’ght | pulse_width_modulat... | =~ Temp_Magnet | " costs [
number_of turns | commutation | Temp_Winding e _power_in

19.9857 40 0.99483 14.9583 170.58 383.4 433.992 999.25
@ @ o & ] C

efficiency

|
0.769

| mech_pow...
il

i_board

78.06

458.28

&) & o _ =) ) : C
12.0524 24 0.900622 5.04167 126.37 148.28 283.074 212976 1523 162.21
Parameter Responses
height | pulse_width_modulat... | Temp_Magnet | costs | efficiency [ mech_pow...
’g number_of turns | commutation Temp_ Winding e _power_in i_board T
19.?'857 40 0.99483 14.9583 17%58 383.4 ___oolood 999.25 0.769 78&)6 45%28

&

o - <
24 0.900622 5.04167 126.37 148.28

Parameter

12.0524

283.074

\\

S—"FH//
\"::?’

21276
Responses

optiSLang: Interactive post-processing and data visualization
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_ Rescale Alt+R
Cluster analysis — ,
Magnifying Glass Alt+G
e Cluster: k-means: number of R
1 Activate all
clusters to be defined for petell
. Use current design values
WhICh parameter Deactivate filtered designs
Adapt color
Color selected L4
Color unfiltered L
Dimension Modifications 4
Cluster Analysis ' Show Cluster Dialog
Export Picture... Alt+E L Show Cluster
height | pulse_width modulat... | Temp_Magnet | ‘costs | efficiency | mech_pow...
|g number_of turns [ commutation | Temp_Winding | e_power_in i_board j
19.9857 40 0.99483 14.9583 170.58 383.4 433.992 999.25 0.769 78.06 458.28
3 e o= e = =] = = =] =]
206 & |
206
.._._--"""...-
=) = o I =) =) =) =] =]
12.0524 24 0.900622 5.04167 126.37 148.28 283.074 212.76 0.43 15.93 162.21
Parameter Responses

optiSLang: Interactive post-processing and data visualization
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) Rescale Alg+R
Cluster analysis A »
ppearance
. Magnifying Glass Alt+G
e Adapt coloring of clusters to PCP and to Denctivate

Other pIOtS Activate all

Use current design values

Deactivate filtered designs

Adapt color
Color selected »
Color unfiltered »
Dimension Modifications r
Cluster Analysis r
Export Picture... Alt+E
height | pulse_width_modulat... | Temp_Magnet | costs | efficiency | mech_pow...
F number_of _turns commutation Temp_Winding | e_power._in i_board
19.857 0 0.9483 14.9583 17&58 33.4 43.992 99.25 0.769 7.06 45.28

67 %

L7

12.0524 0.900622 5.04167 126.37 148.28 283.074 212.76 : 15.93 162.21
Parameter Responses

optiSLang: Interactive post-processing and data visualization
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Cluster analysis

e Pareto conflict between efficiency and costs

R- T T ”. '. * o X .‘
O- . ..=.o e .
. . .
@_ [ :. ° e @ %. . .4 . . '.. B
. - L
Zin . 0‘. '.\.. e, . :: °
Yol . '.' L
%O. ! ° a‘ & : . .f o * ¢
S| v tint o T - :
.- ) ° - -® . .
Ole ® 00 . . . .
I5Lﬂ ° oo. ‘e . . . .. . :
&m_o . b e o ¢ % °
- s .
83 .o °* .
CD--
LN
YI:_
o

300 320 340 360 380 400 420
OUTPUT : costs

optiSLang: Interactive post-processing and data visualization
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Visualization of signhals, images
and processes

o)

optiSLang: Interactive post-processing and data visualization
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Spring steel example

e Simulation with initial materials parameters vs. reference (measurements)

9000

8000 |

7000 |

6000 |

3

Force [N]
I 9]
S

3000 F

2000 —e—Reference

1000 | ——|nitial response

0 L L L
0 0,5 1 1,5 2
Displacement [mm]

B: Static Structural
Total Deformation
Type: Total Deformation
Unit: mm

Time: 1

2.9 Max
25778
2,2556
1,9333
1,6111

1,2889 Source: customer
0,96667

0 64444 portal Dynardo ->

0,32222 Tutorials
0 Min

optiSLang: Interactive post-processing and data visualization
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Spring steel example

e Integrate signals, images and processes in postprocessing

Edit | View Windows MOP Hel

y | | External files and processes...
Edit limits...

Title

1 new file new file

Show preferences

Processes

Ti?le i Detect Executable Arguments

Manage windows...
1 new process NEW ProCess | New process

Approximation r

| | Data mining 4 Designtable
Optimization / Parametrization
Reliability * 2D Anthill plot | [ e
Statistics 2 3D Cloud plot

Parallel coordinates plot
| | Signal plot

optiSLang: Interactive post-processing and data visualization
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Spring steel example

& plastic_strain.png [= == ] [ 4 Histogram [= = ]=]
INPUT : Yield_stress
Z:ftransfer fStephanie. Kunath /Sensitivity__1/Design0003/spring_steel_optisLang_files/dp0/5Y5/MECH plastic_strain.png
™~
o sk ANSYS gh
?.]Eﬁ:ﬂ PLOT M1 =l
[t 8
% T
1
-
=1
=]
=]
[
=}
o
-
=)
=
=]
n
=
g A -.
o N Teessssssseea s -y
1150 1200 1250 1300 1350 1400 1450 1500 1550
INPUT : Yield_stress
hd + -
2-FA-H0-X @ & B A B-R Dy .
=== | & signal plot [=reir=]
[=}
=18
=]
@
3.5068-01 S|
2337a-01 =
11698-01 i
0.000e+00 >
=)
S
=]
+
=)
=18
=]
]
[— channel D of signal signal_interpolate ]
L L L I L L L L
1 0.25 0.5 0.75 1 1.25 15 1.75
x
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OUTPUT: Minimum_plastic_strain vs. OUTPUT: Maximum_plastic_strain, (line

plastic_strain
.08

OUTPUT: Maximum
0.02 0.04 0.06 O

Spring steel example

ANSYS

R15.0
PLOT MO, 1

MODeL SOLUTION

1
SUB =47

For some designs the material
does not behave uniformly
E@P‘ﬁ{g{g (G

A strong localization is e
indicated by a large difference m
between minimum and

. [ B S
maX|_mum . 0 01154 ® osre0s P psorry '092
pIaStIC strain Picture: plastic strain

023079 L4615
034619

0.12

0.1

L
L
. MODAL SOLLTION ANSYS
. ° STEP=1 R15.D
N SUB =47 PLOT MO, 1
L TIME=1
. .- Gy v
. . ®
L ] - . . - _ ‘
e : L4 ) * .. ~.
o ]
ey L / 0 004664 009328 013992 018658
'. . 002332 006996 016G 016324 020933
°® ..
N : P :,,...' ehes smme 00 Picture: plastic strain
- . I 1 I I
0.014 0.016 0.018 0.02 0.022

OUTPUT: Minimum_plastic_strain

optiSLang: Interactive post-processing and data visualization
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Spring steel example

force_displacement

e This localization will lead to a .
negative gradient (1) of the
force-displacement-curve.

e To avoid this situation, a 3
positive gradient is required as
constraint:
“min_gradient_Signal = 0”

OUTPUT: Minimum_plastic_strain vs. OUTPUT: Maximum_plastic_strain, (linear) r s

o~
—
£e
©
o
- .
""| S channel Signal_interpolate_chan_0 of signal Si... }
[S)
=
Boo
asr ‘ :
EC L. o
3 . .
(Vo] L]
ES ",
o . . L . . . . .
= s * ° - 0.25 0.5 0.75 1 1.25 1.5 1.75
.. * & ° * X
o ¢ *
) a8 - . L]
&O ) . [ ] . o : s
o~ . o e
Ool ¢ * . o we LI
o " . * o '-... ==

0.014 0.016 0.018 0.02 0.022
OUTPUT: Minimum_plastic_strain
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Tuning for

k example

(===

D:fStephanies_Daten/Tutorials_Schulung_WebinareTutorialsftuning fork/
5_2ftuning_fork_ANSYS_Classic.opd/Sensitivity/Design0074/
tuning_fork_outputd00.png

« tuning_fork_output000.png

ANSYS

]
o, 1

(== =]

D:fStephanies_Daten/Tutorials_Schulung_Webinare /Tutorials tuning fork/
5_2ftuning_fork_ANSYS_Classic.opd/Sensitivity/Design0074/
tuning_fork_outputd01.png

« tuning_fork_output001.png

ANSYS

53

[=[=]=]

D:/Stephanies_Daten/Tutorials_Schulung_Webinare/Tutorials/tuning
fork/5_2/tuning_fork_ANSYS_Classic.opd/Sensitivity/Design00 74/
tuning_fork_output002.png

4 tuning_fork_output002.png

W

ANSYS

4 Response surface 3D plot

MOP generated Linear Regression of ElgenﬁFrequency_l

Coefficient o

1000

1 Aouanbeid usbig

optiSLang:

Prognosis =

< Coefficient of Prognosis

Coefficients of Prognosis (usmg MOP)
full model: CoP = 98 %

=

INPL

INPUT ga r'amete4|'

2

INPUT

N

T : Rod_Width
3%

: Grip_Length

11 %P .

PUT : Depth
16 %

T : Grip_Width
38 %

= |2 nEm]

Mass

Eigen_Frequency_3

Models

Eigen_Frequency_2

Eigen_Frequency_1

Rod_Width

Interactive post-processing and data visualization

Rod_Length

Radius Grip_width

Parameter

Grip_Length

Depth

Total
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e Unit 1 — Graphical user interface and process integration
e Unit 2 — Sensitivity analysis

e Unit 3 — Single- and multi-objective optimization

e Unit 4 — Robustness evaluation and Robust Design

e Unit 5 — Model calibration and parameter identification

e Unit 6 — optiSLang and ANSYS Workbench

e Unit 7 — Interactive post-processing and data visualization

optiSLang: Interactive post-processing and data visualization
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Thank you for
your attention
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