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Classical control architecture
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Machine architecture
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Machine architecture

Classical control architecture
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Object and capability based machine architecture

Digital representation

Informations-
modell

MOVE 
ABSOLUTE

MOVE PRESET 
POSITION

HOMING

…

Methods
= Capabilities

Attributes
= data/information model

„Digital representaion“
or „digital represented object“
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Object and capability based machine architecture

Digital representaion as architectural element

Realised with OPC UA
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New machine architectures on the basis of digital 

repesentations
 for engineering and operation
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Digital representation – during Engineering and operation

MCAD

ECAD

Programmier-

tools

Herstellerkataloge

…

„Strom an…“

Instanziierte Maschinenarchitektur

Engineering Betrieb

Fileformat

Prinziplösung

Auslegungstools
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Digital representation – during Engineering and operation

MCAD
ECAD

Kataloge

Auslegung

Simulation

„Strom an…“

H
E

U
T

E
Z

U
K

U
N

F
T Fähigkeitenbasiertes Engineering Wandlung im Betrieb

VIBN

Durchgängiges Engineering

Automatisierung im Engineering

Plug & Produce

Mehrwertdienste

Instanziierte Maschinenarchitektur

Engineering Betrieb

Fileformat

… ?...

KI-gestütztes 

Engineering

Programmierung Deployment

Prinziplösung

Daten bereitstellen auf 

von Ebenen
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Capability based engineering

Fügen durch 
Einpressen

Geordnetes
speichern

Führen

Spannen



Capability based engineering
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Capability based engineering

1 Produkt

2 Montage-Vorranggraph

3 Fähigkeitenauswahl (1. Näherung)

Fügen durch 
Einpressen

Geordnetes
speichern

Führen

Spannen

4 Fähigkeitenauswahl (Ausdetailierung)

5 Matching mit konkreten Komponenten 

und deren Fähigkeiten

Führen

Merkmalsliste
- Lineare Bewegung
- Kraftüberschuss > 0

(über Reibung, 
Massenträgheit, 
Gewichtskraft)

- RandbedingungenFügen durch 
Einpressen

oder

Linear-
element

Linear-
element

greifen Linear-
element

Linear-
element

Linear-
element

greifen

Festo
DGSL

Festo
EGSL

afag
EG20

Festo
EGSL

Rotations-
element

Rotations-
element

afag
RE50 Pick&Place

oder

Führen
Fügen durch 
Einpressen



Realised with CODESYS
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Capability based engineering

1. Generic solution

2. Virtual comissioning of
generic solution

3. Exchange with real products

4. Virtual comissioning of real 

comissioning



Manufacturer independent categorisation of mechatronic capapilities
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Capability based engineering

Linear
Movement

Rotative
Movement

Gripping

Clamping

Standardisation

VDI 2860 
Montage und Handhabung

DIN 8580
Fertigungsverfahren
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Physical digital representation
of automation components



Mechatronic object oriented systems
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Physical digital representation

Abb.: EMC2xx gefaltet

Abb.: Abmessungen

Abb.: Flexibler Einbau durch Faltung



Example logistic module (stopper) machine builder ASYS
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Physical digital representation



Economical analysis
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Physical digital representation

1. Änderung

Zeit

Kosten
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VDMA OPC UA Demonstrator
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M
o

n
ta
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e

 F
id

g
e

t-
S

p
in

n
e

r - All devices of all manufacturers described
in AutomationML

- All devices offer standardised capabilities

- Capability based control software:

- All devices present with OPC UA in the system
(data & control)

VDMA OPC UA Demonstrator
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VDMA OPC UA Demonstrator

Maschinenbauer

Hersteller

Software/Kommunikation/
Sicherheit

Steuerungs-
hersteller

https://www.google.de/url?sa=i&rct=j&q=&esrc=s&source=imgres&cd=&cad=rja&uact=8&ved=0ahUKEwiF1NWurqzXAhXJfhoKHZGdDJMQjRwIBw&url=https://b2b.partcommunity.com/3d-cad-models/nbb-hopper-afag/?info%3Dafag/zufuehrtechnik/nachfuellvorrichtungen/nbb/nachfuellbunker_nbb&psig=AOvVaw0vJNjTc3ZNUatY04dAiIJO&ust=1510140627362922
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Vielen Dank 
für Ihre

Aufmerksamkeit!
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Pains in Engineering

ECAD

Excel

MCAD

Emails

@
Sketch Task

…

e.g. Programmer

Handbook



Digital Representation for Engineering – state of the art

Festo solenoid valve VUVG-BK10-M52-AT-F-1R8L-S Data (excerpt)
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Digital Representation for Engineering – future?
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Filling Toolchain Gaps with AutomationML
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Mechanical 
engineering

Electrical 
engineering

Control 
engineering

Virtual 
commissioning

System 
engineering

*.aml

*.aml

*.aml

*.aml

*.aml

*.aml

*.aml

*.aml

*.aml



AutomationML: Architecture und Content
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CONTRIBUTOR

ACADEMIC

<AutomationML_e_V_Members num=52 />  

PROMOTER



AutomationML Example of Use: Geometry und Kinematics
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<AutomationML/>



AutomationML Example of Use: Correctly Configured and Open Engineering Data

Exchange of PLC configuration between ECAD and PLC-Tool
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correctly configured!

PLC-Tool

MCAD

ECAD

M

M

FUNCTION_BLOCK BehavPLC
VAR_INPUT
END_VAR
VAR_OUTPUT
END_VAR
VAR

xPneu1 : BOOL := FALSE;
xPneu2 : BOOL := FALSE;

END_VAR

<AutomationML/>



AutomationML Example of Use: Synthesis of PLC Code
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GoToPosition

Release

?

Grip

GoToPosition

+ =



AutomationML e.V. cooperates with CADENAS
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Thank You!


