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Digital Twin
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“combine sensor data with detailed product
simulation”
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Sensor data

Measurement of a
time-dependent
oscillation
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Example for this presentation

- Energy Loading
- Mass
> Stiffness machine condition needs to be controlled
_ for maintenance
- Damping
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= Identify the parameters based on digital twin simulation
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Motivation

Customer or Customer of customer ...

- Look into the product (simulation shows what can not be measured)
- Manage maintenance

- Find optimal operating parameters
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- Traceable processes & results
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- Web-based (everywnere, everytime)
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Identify the parameters

...Simulation...
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Design Understanding

Investigate parameter sensitivities, Design Improvement
reduce complexity and Optimize design performance

generate best possible meta models

Robust Design

Measurement
Data

Model Calibration

Identify important model parameter
for the best fit between simulation

Design Quality
Ensure design robustness
and reliability

and measurement




Simulation workflow management

« Connect the tools our customers are using
« ANSYS
« 3rd-party
- PLM

* in-house

« CAx workflow building

« Organize sequence/loops/conditions
Loops can be e.g. DOE,optimization, performance grid

« open architecture (plugins & interfaces)
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Process integration and automation

optiSLang provides
o full flexibility to build (parametric) workflows
¢ integrating arbitrary CAX tools

=» run design variations automatically

InputDeck SolveOnHPC ExtractResult

":L}_ Minimize simulation effort if costs are to high J

Cost calculus

i land e

Gt ANSYS Workbench MOP Solver —rr
SendMail
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Machine condition calibration flow

e Generate an identification flow in optiSLang
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Measured Curve
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SPDM - connect “"data” and simulation

Product parameter

MName Resclution Range
K1 Continuous -3.14 314
K2 Continuous 314 314
Name Left side express Crit
X3
Constraint | Y 10

}

CAE Model ing poi o
2 e ——

*:EL 4 ) .:P Results
AMESIim HPC eval ETK AMESim .
Report A :
CAE Model ) s

ANSYS Workbench




dynardo

Machine condition calibration flow

e Generate an identification flow in optiSLang
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Receive Measured Curve




Teamwork - 4 Groups dynardo

PLM/SDM system is central component
optiSLang for SPM, standardization and automation

Flexibility

}/ Prodﬁct analysis

Standardization Automation
"4 N
J
Pv'_’ ’_’ _“ v._.»u_. »»
o Sensitivity MOP Memetic
Simulation I Collaborative work RDO workflow
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Democratization

 CAXx Expert

— Builds (Simulation)-
model

CAXx Model

— Takes care about
correctness

113

— Defines ,Parameter
for CAx Workflow
expert

— Stores model in
Database
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Simulation expert

= Builds and maintains sim-model 1000.00 oo
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Revisioned work
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Democratization
+  CAx Workflow Expert
— builds (simulation-)
process
\ /! — Defines ,Parameter
\ i/ for CAx System
Expert
/:/ \\‘ — Stores/revisions
— - workflow in database
CAXx Workflow I
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Workflow engineer

= builds and maintains calibration workflow

e 1 R

Receive Measured Curve Solve

publish workflow
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Democratization

 CAXx System Expert

»
& -EE
MoP Memetic

Sensithity

CAXx System

Combines disciplines

Has simultaneous
view on different/all
domains

Defines ,Parameter”
for Product Analyst

Stores/revisions
workflow in database




© Dynardo GmbH

dynardo

optiSLang Remote - Control ,,The Cloud"™

e End user can Monitor Status of optiSLang project

e End user can interact with optiSLang project

e [=a] = ]

Connected to optiSLang: 6.2.0 (44487)
Project Name: test_com
Status: Processing aborted

[ Run Project || Halt Project | Reset Project|| Shutdown |[Update status views|
Sensitivity \
Processing aborted: 9 designs of 201 processed (9 succeeded, 0 failed, 192 pendini

= Designs @
=01 Succee ded
= Parameters
X 1
X2 1
X3 1
x4 1
X5 1
[=] Responses
Y 6.507354924039483
=05 Succeeded
= Parameters
X 25.49999939999933
X2 395
X3 74.50000000000001
X4 79.5 i3

e via TCP/IP

connect to submitted project

—>

e Get Status
(Project, node...)

‘ 'Ed!IE SFiUﬂ!I-S ﬁllﬂlt files

e Start/Stop/Reset

(Project, node, single id)
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~in-field" engineer

« Start APP in web browser and select measurement curve

« Or: Automatic trigger, when new curve is measured

= Identifies machine parameter automatically

aaad| Calibrator Node

Machine 12345ab report

current state: measurement_0001.txt

; + 5 —
Measured Data
Z Select Calibrator Type [ Calibration_RAW =]
et et Define Analysis Name  [Calibrator_smold2_20
Define Storage Lacation [/Data/Shared Data/Ce | Browsen. |
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Results

= Identified conditions and values as html report.

=> *.csv file extraction
Machine 12345ab report

current state: measurement_0001.txt

= Send report as email

ey
-

0 0.5

Displacement

-0.5

'
10

2 4 3 8
Time

Parameter IYalue IEowet bound IUpper boundl

b~ posossssossaspor o2 [
T ] —
P e | "
I 7T T X | —



dynardo

Democratization

Product analysis

* Product Analyst
— Starts analysis

— Parameter&Results
are automatically
stored for traceability

=» Can be anybody of 3
prior groups or a ,new*
person
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Democratization
+ Teamwork
— Collaborativ
L P — —  Flexible/Innovative
| % —— — Traceable
< . — Technically inherited
& \\ 7 v (e IR quality assurance

— Able to work at any

\\‘ point in time

tuniog.fock
P—. -MQJ BB — Single person does
sy BB not need to change
CAx Workflow | CAXx System — ‘*-*T way of work (a lot)

— Continuous
improvement
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Operation
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“We need operating parameters immediately”




Generate and publish ROM's dynardo

= Workflow in optiSLang including MOP algorithm

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

R T N

solver aeate_ROM create M_d Postprocessing create_report

mm Bﬁpubllsh ROM E‘j




Use ROM's for calibration dynarcdo

=» Calibration workflow in optiSLang using e.g. SignalMOP
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