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Gesamtheitliche Optimierunge Arbeitsa

(unterstitzt durch digitale Technologien)

mit dem Potenzial die Geschaftsmodelle zu disruptieren
g [ \oish: Digitalization (nicht: Digitization)

English: seamless digital thread

Erst die Datendurchgangigkeit

ermoglicht die holistische Optimierung
P J . i I :




Digitaler Zwilling SIEMENS

Sttt 1. Insights Hub

gitaler Zwilling gitaler Zwilling aler Zwilling
- vom Produkt der Produktion erformance

Digitaler Zwilling der Infrastruktur
_—
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Pilotfabriken ,,Industrie 4.0“ in Osterreich:
Innovation mit Kunden SIEMENS

Wien Aspern Graz Linz
Pilotfabrik Industrie 4.0 smartfactory@tugraz LIT factory
Produktionsprozesse und Logistik Agilitat & IT-Security Produktion von karbonfaser-
Seit 2019 in der Betriebs-Phase 2018-2020 Installations-Phase verstarkten Kunststoffen & Recycling
2018-2020 Installations-Phase
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Innovation mit Kunden
Ausbildung Innovation Kollaboration
der zukiinftigen Kunden mit Kunden mit den Experten der Kunden

Frei verwendbar © Siemens AG 2023
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Siemens engagiert sich bei vielen Innovations-Showcases: SIEMENS
siemens.at/pilotfabriken

n" 4 1;1‘/ Simple Installation
= i\ it

Virtual Commissioning 2§l Edge Computing: Shared Tasks: Human/ |8 Multi-Factory Case: i “Blockchain”:
5

Smart Condition

Assembly Cell / Safety “ @ tool breakage detection “ B Robot Collaboration 3 pilot factories like one Secure Blackbox Monitoring
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Real-Time Location . I Generative Design Energy Efficiency 2l Predictive Maintenance - 8 Condition Based Process Simulation and
System & Agile Safety * FEM Simulation Optimization 5@ of Drives (Edge Comp.) 5 @ Scheduling Optimization

Late Customer MindSphere: Asset Digital Twin: FiberSim CIosed-Loop 7 Digital Twin: . ] Artificial Intelligence: Operator Training
Intervention Operation Analytics Fiber Draping Manufacturing Virtual Numeric Control Edge-Al on AGV System

.\7 e o

MindSphere: Signal . | Digital Twin: StarCCM+/ _ |@ Automatic ;] Analyze My Machine | Digital Twin: . Digital Twin: Process
Search via TimeFuse NX Co-Simulation CAM Programming Condition (Edge) Durability-Simulation Simulate Human

Golden Triangle: 4
PLM / ERP / MES

1 LivingLab Vienna 2 DigiLab Vienna 3 Pilotfactory Vienna 4 Smart Factory Graz 5 LIT Factory Linz
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Der Aufbau der smartfactory wurde vom BMK Uber das Programm ,Produktion der Zukunft* als Projekt

" .Pilotfabrik Industrie 4.0 — Smart Production” FFG Nr. 852105 in der Jahren 2016-2019 gefordert
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Digitaler Zwilling mit Ein-Sekunden-Vorausschau SIEMENS
zur Kollisionsvermeidung

Ohne Kaollision Mit Kollision

Operation

Tiesmul el wostance Sisp e ta calieen 1, 0)

-18.625 -0.304T #
-44.574 0134 =™
261.956

st

0000" 9,000

ms1 7492

X963 ¥41,618 e(1,1743) Ju(-1.4659) F12279
X19.948 Y4243 1{1.6929) J=(0.8136) F1732%
ki1 vas772 501y

X19.922 ¥44.062 2-25.400 F5501%

%19.846 Y44,343 7.25.403 F55019

X19.722 Y44.606 2-25.397 F5501%

TrEgs e

» In active collision avoidance, possible collisions are detected in advance, visually displayed in the 3D simulation

» Machining is stopped before the collision.

+ Collisions that have been avoided are color-coded in the 3D simulation.
— Orange: Safety clearance of the components violated, but no has occurred
— Red: Components have collided

Verwendete Produkte: SINUMERIK ONE, Create My Virtual Machine, Protect MyMachine /3D Twin

Frei verwendbar © Siemens AG 2023
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Fotorealistischer Digitaler Zwilling mit Bearbeitungsgerauschen
und Spaneflug und virtueller Steuerung

SIEMENS

115.460
-4.260
634.000
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SIEMENS

Ort:
* reale Maschine: Pilotfabrik TU Wien
* Digitaler Zwilling:

TEC-Lab des IFT@TU Wien

(15 km entfernt)

Verwendete Produkte:

* EMCO MaxxMill 500,

* Siemens SINUMERIK ONE,
Create My Virtual Machine

* MolduleWorks

siemens.at/innovation-labs



Vision Industrial Metaverse: SIEMENS
Business Trip ins Metaverse

Frei verwendbar © Siemens AG 2023
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Der Aufbau der smartfactory wurde vom BMK tber das Programm ,Produktion der Zukunft” als Projekt i =y DL o :
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tendurchganglgkelt
elm Digitalen Zwilling I:
Co-Simulation (Multi-Physics)

Y -
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1) Eine Druckwelle durch die Kompositmaterial-Leitung andert
ortsabhangig den Durchmesser und damit die Fluid Dynamics

NX/Nastran Star CCM+

Realistic loading

5 B

Ohne Co-Simulation wird die maximale Belastung
um einen Faktor 2 unterschatzt!

v LIT Factory = Insfitute of
Polymer
E Product Engineering
[



nowcase:
)atendurchgangigkeit

eim Digitalen Zwilling 11:
prltzgleBen von recycelten
| wKunststoffen (Multi-Scale)
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INTEGRATIVE SIMULATION

SFRP Injection Molding Workflow - Simcenter 3D integration

Datum Sketch Extrude Revolve Hole Unite Subtract Edg Chamfer Draft Shell
b I Mirror

|
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Base
£ Welcome Page X @ modell.prt v [EGreta eI
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Name &

~ @[% Model History
® Body (1)

O € & ¢ ¢

From CAD...
Siemens NX

Automatically map
Manufacturing Simulation
results to structural mesh

SIEMENS

ing £

Materials Engineeri

Simcenter 3D - Pre/Post

Application

Defects Output Request HP Dehomogenization

Homogenization Parameters Models
True Multiscale

e . E ?& _$_ Multiscale Solve
e y e 8 Microstructural Results
FE Toolkit Microstructural Material Microstructural

Injection Molding Simulation
Moldex3D

J z U LIT Factory

Material

Microstructure Definition
Simcenter — Multimechanics

Application

Structural mesh and loading
condition
Simcenter3D

nnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnn

Homogenization
+ Virtual Test

Fiber Orientation s
Values represents a probability for fibers to be oriented in & ve : i
A .

-r-:;"f-f
o
1.000 s
b
I ""':J ; v‘
. 0.944 5l
0.889 4 # «.»_:‘)“{‘/ \
0.833 ; e
0.778
0.722
|

Multi-Scale Simulation
Simcenter - Multimechanics

(D. Tupe 2021 - 2022)



INTEGRATIVE SIMULATION

SFRP Injection Molding Workflow - Simcenter 3D integration

Simcenter 3D / NX Module
Step 1:
= Create 3D CAD model of bone

specimen using NX module.

= Import the file in 3D Simcenter module

and create a new FEM and Simulation

Analysis

it

» Mesh the geometry

= Assign Load and Constraints

J v U LIT Factory
—— (D. Tupe 2021 - 2022)



INTEGRATIVE SIMULATION

SFRP Injection Molding Workflow - Simcenter 3D integration

Multimechanics Module
Step 2:

Define materials & microstructures of
various shapes, sizes, orientations and
volume fractions e.g. short & long fibers,
particles. Also voids & defects can be
defined.

Here, short fibre reinforced composite of
Polyamide with 50 wt.% glass fibers is
defined

J ¥ U LIT Factory

A Gively €A spasr Rt Mummch/AK Sceummmn 2022 16 20 IM BorerME Rast m/mmlimecty e soreGS0 msh cl ¥
Fle Toos Window Help
1 Moduses |
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) Mesh
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INTEGRATIVE SIMULATION

SFRP Injection Molding Workflow - Simcenter 3D integration

Simcenter 3D / NX Module
Step 3:

» Mapping fibre orientation from process

simulations such as STAR CCM-+,
Moldex3D in .02d format

= Links the process simulation results to

CSAE E R BT ENIEEER B

the structural simulations

J v U LIT Factory
— (D. Tupe 2021 - 2022)



INTEGRATIVE SIMULATION

SFRP Injection Molding Workflow - Simcenter 3D integration

Simcenter 3D / NX Module

P o
o £ B, ’ )

it = R

Step 4: Step 5:

=  Setting up the structural simulation = Results

Calculating the component's structural integrity takes into account the materials
properties, microstructure of the reinforcing materials, and processing parameters

J v U LIT Factory
— (D. Tupe 2021 - 2022)



INTEGRATIVE SIMULATION

SFRP Injection Molding Workflow - Simcenter 3D integration

Multimechanics Module - ViscolLab Tool

» The structure viscoelasticity(VE) data
helps to predict the modulus of the
material with respect to time and
temperature.

= ViscolLab aids to shifts and fits the VE

experimental data to numerical model,

TOTALLY INTEGRATED AUTOMATION

which depicts the behavior of material [ A S e

via numerical simulations.

J v U LIT Factory
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INTEGRATIVE SIMULATION

SFRP Injection Molding Workflow - Simcenter 3D integration

Outlook: Implementation of Culgi (Molecular Dynamics)

[

Molecular Dynamics Microstructure & Process Simulation Multiscale Structural
Mesostructures Simulation

With Culgi

Installed recently in Sept 2022

J v U LIT Factory
— (D. Tupe 2021 - 2022)



Zusammenfassung SIEMENS

Datendurchgangigkeit nicht nur bei den realen Anlagen,
sondern auch bei den Digitalen Zwillingen

e _—
. e

Nur mit Datendurchgangigkeit
lassen sich die Ablaufe gesamtheitlich optimieren

. -

Business Trips ins Metaverse werden genau selbstverstandlich werden
wie das Bildschirm Teilen bei Web-Konferenzen —
dazu ist Datendurchgangigkeit der Digitalen Zwillinge erforderlich

Unre
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Contact

Prof. Dr. Michael Heiss

Principal Consultant Digital Enterprise

Siemens AG Osterreich

Digital Industries, Digital Enterprise
SiemensstralBe 90, DI DE

A-1210 Vienna, Austria

Email: michael.heiss@siemens.com
Phone: +43-664-8855-1526
Website: siemens.at/innovation-labs

LinkedIn: http://www.linkedin.com/in/michaelheiss

SIEMENS

Siemens AG Osterreich
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