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optiSLang & digital twins
Calibration of measured data

Outline

1. Define the Calibration Task

2. Digital Twin
— get in touch real-world and simulation —

3. Operation
— speed up simulation —
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Example: Oscillator
should be illustrate a simple rotating machine

e Parametric simulation model e “machine” response
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Example: Sensor data

15

e |llustration different
machine conditions:

measurement of a
time-dependent .
oscillation
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Simplified machine conditions

- Energy Loading
- Mass
> Stiffness machine condition needs to be controlled

_ for maintenance
- Damping

= ldentify the parameters based on digital twin simulation

LLLLE L L L
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Machine condition calibration flow

e Generate an identification flow in optiSLang

0

solver check_conditions generate_plots report send_mail
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measured_signal
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NANSYS BEKM

Process Execution & Data Management

EKM interfacing layer

~

Fluids Structures
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Electronics Semiconductors Systems
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Embedded Software Multiphysics Platform

WY optisLang
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CAXx Robust Design Data Analysis &
Automation Optimization ROM
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Workflow engineer

=» builds and maintains workflow

=» Build the machine data calibration workflow

’
) Project overview
m '_.’- )._,’- )._.}- P’_.)- Currentuser level 4 u Computation Engineer P
chedk_condition genera te_plots send_mail d —

I 1 reference_curve

=

I Ewport Placeholders =+

’ .
Mmeasures d_signal

publish workflow

ANSYS FEKM

Process Execution & Data Management
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“in-field” engineer

= Start EKM in web browser

= Connect measurement curve to Calibration flow (to identify machine status)
= Wait for results (because of real CAE solver runs)

= ldentifies machine parameter within minutes/hours/days

B Catotor Mo [ 0 | =
A

; . Machine 12345ab report

current state: measurement_0001.txt

Mezsured Data
Select Calibrator Type | Calibration RAW 7]
Define Analysis Name [Calibrator_ameld2_20
Define Storage Location [/Data/Shared Data/Ca [ Browse.. |
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Results

= ldentified conditions and values as html report.

=» *.csv file extraction 0 Sl o

Machine 12345ab report

current state: measurement_0001.txt

= Send report as email

1.5
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0.5
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Disnl?cement

-0.5
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Operation

“Digital twins need operating
parameters very fast
(in time ... real time)”

optiSLang
hosts calibration workflows and
generates data-based ROMS

WOST 2017 « Workshop 1D — digital twin « ROM based calibration 14
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Calibration — based on MOP
Generate MOP based ROM

- Define valid parameter range
- Build up ROM based on MOP

pEr

Calibration_ROM

Calibration on MOP based ROM

- Pre-Test if measured signal might be in pre-simulated parameter space
- Use MOP Solver as ROM simulation
- Check system condition based on defined reliable parameter space

- Update the history report
of the monitored machine

| %
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Calibration — based on Statistics on Structures

Generate SignalMOP based ROM sensi b
- Defi lid t >|E /
efine valid parameter range BBl i
- Build up SignalMOP using ~~ :@JH:@V
optiSLang’s SoS integration ::":: e e
| Calibration_ROM OMDBPath

Calibration on SignalMOP based ROM

- Pre-Test if measured signal might be in pre-simulated parameter space
- Use SignalMOP Solver (SoS) as ROM simulation
- Check system condition based on defined reliable parameter space

> Update the history report ui@d;
of the monitored machine " G -
g

> 8 EJ
check_condition - ’D—P > ’)—D ’ -
r ch

Dat Rece
Postprocessing send_mail

idation (= ) » (o

gk

SignalMOP_Solver_SoS solver
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Operation

“Digital twins need operating
parameters very fast
(in time ... real time)”

EKM
is the ANSYS gateway to digital twins
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Workflow engineer: Workflow “Generate ROM”
Generate and publish the data-based ROM

= Creates fully automatic the data-based ROM (MOP) based on up-front
simulations within a predefined variation space

l
H’b—»" -b——b" "»—b" ‘
\c_r‘eate_ROLl\;l c;;ateE gM Postprocessing create_report

send_to_EKM

-

B

ANSYS FEKM

Process Execution & Data Management
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Workflow engineer: Workflow “Calibrate on ROM”

Using data-based ROM for machine data calibration workflow

=» Calibration workflow in optiSLang including MOP algorithm

e
) Project overview

» i i m P 14 idati »
Current user level 4 u Computation Engineer [ 2
B | TR

Id Description Value
MOP Solver solver 1 reference_curve +\ oscillator_reference

hd ' b Export Placeholders = 0K

g g

check_condition: genera te_plots  report  send_mail

publish ROM based
calibration workflow

ANSYS FEKM

Process Execution & Data Management
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“in-field” engineer: Calibrate measured signal
Using ROM-based calibration workflow as black-box

=» Start EKM in web browser
=» Connect Measurement curve to ldentification flow

= ldentified parameters within seconds using the data-based ROM

Calibrator Node ®

[ 0] HEE
s Machine 12345ab report

ES current state: measurement_0001.txt

Time

g T g 3
Measured Data IfData/Sharad Data/Cz| Browse...
Select Calibrator Type | Calibration_ ROM =

Define Analysis Name | Calibrator_amold2_20

Define Storage Location IIData/Shared Data/Cz| Browse..

0.5

Displacement.
0

-0.5
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data-based ROM shows a green flag

= “green state”

=>underlaying ROM covers the machine signal with pre-investigated variation
window and can identified system parameters

current state: measurement_0001.txt

Measured Dats [PDetarShared Detarc: [ERGREEEN

Select Calibrator Type  |Calibration ROM =]

Define Ansiysis Name  [Calisratar_armold2_20

Define Starage Location [{Dsta/Shared Data; C: [ Browsa
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data-based ROM shows a yellow flag

= “yellow state”

=>» The signal scratch the pre-investigated variation window of the underlaying
ROM or the identified parameter reach bounds

:urrent state: measurement_0003.txt

e

Select Calibrator Type  |Calibration ROM =]
Define Anatysis Nome |c=hbmar_umu|u2_zu
Define Starage Location [{Dsta/Shared Data; C: [ Browsa

Measured Dats [PDetarShared Detarc: [ERGREEEN I

k 27.0066191966 [20.0 30.0 H .
i

274260291873 |25 35 T ]
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data-based ROM shows a red flag

= “red state”

=>» The signal is outside the pre-investigated variation window of the underlaying
ROM or the identified parameter are our of bounds (ROM extrapolation mode
will be necessary)

current state: measurement_0004.txt

1.5

it
0.5 1

isplacement

e
DSDE

-1.5

= The data-based ROM need an update
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L ook & Feel

ANSYS EKM Default (M)~ R ~

Dashboard

Status.

@31 May 2017 « 09.17 08.639 AM *1 Completed with errars
E}Sl May 2017 - 09.10,08.129 AM A\, Completed with emors
[ 31 May 2017 - 09.08.08.308 AM A\ Completed with ermors
mBl May 2017 - 090207116 AM f Completed

E|,31 May 2017 - 08.58.07.431 AM i.i Completed with érfarn

lob Monitor
Status
31 Mey 2017 - 09.15.35 AM o Executed
31 May 2017 - 09.08.58 AM o Executed
3 May 2017 - 09.05.41 AM of Executed
31 May 2017 - 09.01.00 AM o/ Executed
31 May 2017 - 08.55.57 AM o Executed

- (8 5310 AM

| geipath [~ v | e Grobi-{iex o Ganze Worter
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Digital twin results

= See results in EKM — report
= Archived for traceability

current state: measurement_0001._txt urrent state: measurement_0003.txt

ey
-

VT

0.5
T
0.5
T

o

Displacement.

0.5

N s L
[] 2 8 10

|Pa.tameterHValue ”Lm’er me1dHUppe:r bound ‘

lk [27.0066191966 [20.0 [30.0 o e .
[m [.74260291873 2.5 [35 ]
=>» All machine parameter green =» Some machine parameter yellow
=>» No maintenance necessary =» maintenance needs to be scheduled
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ANSYS optiSLang + EKM

"?\

If you have any questions belonging the presentation do not hesitate to contact

johannes.will@dynardo.de (CEO Dynardo)
david.schneider@dynardo.de (product manager optiSLang)
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L ook & Feel

- e 3 A @

ANSYS EKM EEE Default B~ L ~

Pashboard

Status

QH Apr 2017 - 02.55.19.077 P & Completed with errors

[}2«! Apr 2017 - 02.51.05.099 PM A\ Completed with emors

[0 24 Apr 2017 - 02.37.04 554 P Ak Completed with errors

mEl Apr 2017 - 0234 16602 PM & Completed with errors

ET“J,EI Apr 2017 - 02.33.18.063 P 1" Completed with errors

Completed with errors

lob Monitor
Status

- 24 Ape 2017 - 02.51.47 PM o Evecuted
- 24 Apr 2017 - 02.49.59 PM o Executed
- 20 Apr 2017 - 04.5935 PM o Executed
- 20 Apr 2017 - (4.52.21 PM o Executed
- 20 Apr 2017 - (44311 PM o Evecuted

- 20 Ape 2007 - (4.35.24 PM

Dashboard
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Operation

“Digital twins need operating parameters
very fast (in time ... real time)”

optiSLang
hosts calibration workflows and
generates data-based ROMS

EKM is the ANSYS gateway to digital twins

WOST 2017 « Workshop 1D — digital twin « ROM based calibration 30
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Calibration — based on MOP
Generate MOP based ROM

- Define valid parameter range

- Build up ROM based on MOP

A _
B — — R
solver _’UU 5 ) Postorocessing create_report

Calibration_ ROM
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Calibration — based on MOP
Calibration on MOP based ROM

- Pre-Test if measured signal might be in pre-simulated parameter space
- Use MOP Solver as ROM simulation

- Check system condition based on defined reliable parameter space

- Update the history report of the monitored machine

read_db

(4 [ ’
B aa|
— “p—F‘) rrtu measurement_name
_paramter
B i

measured_signal
B—E R

Postprocessing report send_mail

check_condition
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Calibration — based on MOP

P G

”I';.b:zvrﬁ_“]l!_'_ § Q&Hb — & ® feac rere—— LT lte 3 8@ =
Celoxater @l s T - d v !
) | 4™ solver wizard
|-l
1P Robustess mzmrd
4P Reevaiuaton wzd
Modules a8 x
» B T ——
] B
3 Postprocessing repart t 9 L= tbivil P.Q;
< reate.] Favorites
Calbration_ROM
Templates as =
@ & Templates
Ly i il Fehler: Datei nicht gefunden

Die Dateien unter /C:/Users/amold2/Desktop/WOST2017/1D - digtal Tvwn/data/calbrate ROM_MOP_v2
freport.html kannten nicht gefunden werden,

® Bite dberprifen Sie die Adresse auf Redhtschreb-, GroB-fKlenschrebungs- oder andere Fehler,
» Bite dberprifen Sie, ob de Adresse umbenannt, gelischt oder verschoben wurde.
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Calibration — based on Statistics on Structures
Generate SignalMOP based ROM

- Define valid parameter range
- Build up SignalMOP using optiSLang’s SoS integration

L

_'} )»} W ’| Postprocessing create_report

AN R

Calibration_ROM OMDBPath

> envelope —{ | [ 1
'’ B B
solver = — :
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Calibration — based on Statistics on Structures
Calibration on SignalMOP based ROM

- Pre-Test if measured signal might be in pre-simulated parameter space
- Use SignalMOP Solver (SoS) as ROM simulation

- Check system condition based on defined reliable parameter space

- Update the history report of the monitored machine

|
B G

PP_paramter measurement_name
g - E‘ :
c;_e‘ck_condilt_i/on > E ’P—P’ W ’P—P’

Postprocessing report send_mail

' =

Data Send

SignalMOP_Solver_SoS solver
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Dashboard

- 25 Ape 2017 -
- 75 Apr 2017 -
- 25 Apr 2007 -
- 25 Apr 2017 -
- 25 Apr 2007 -

- 35 Apr 2007 -

124045 PM

123802 PM

123637 PM

123046 PM

12.27.01 PM

12,2635 P

ANSYS EKM

Dashboard

Status
" Executed
o Executed

o Evecuted

o Executed

o Executed

Name:

[By25 Apr 2017 -
[By 25 Apr2017 -

[B25 Apr 2017 -

[ 25 Ape 2017

[By 25 Apr 2017 -

12.52.27.336 M

12.42.04 750 PM

123905474 PM

-12.38.06.314 PM

123206.719 PM

python create empty kst

Status

A\ Completed with esrors
A\, Completed with emors
11 Completed with erors
Ak Completed with errors
A\ Completed with errors

Completed with errors

=10 x|
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