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e Motivation

e Requirement Analysis

e Overview of AutomationML

e General communication system modeling methodology
in combination with EtherNet/IP™ example
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Requirements on the engineering of production systems
e complexity of the systems
e amount of data to be handled
e high development costs
e different applicable efficient engineering processes
e different sets of software tools in the development process
e exploiting different engineering artifacts
e modular control structures / distributed control systems
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Involved engineering
activities exchanging
engineering artefacts

Bus Configuration

PlantPlanning

Mechanical
Engineering

Electrical Planning

PLC Programming

Motivation

Simulation
Test / Virtual
Commissioning

Commissioning/
Device
Configuration

Monitoring,
Maintenance

Documentation

Robot Programming
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General semantic for communication systems with AutomationML
e A significant cost factor of industrial plants is the engineering process.
e To reduce this factor new methods and description tools are needed!

Project management (3%)
B Pre-commissioning (2%)
Assembly (11%)
B Bought-in parts (28%)
Geometry simulation (1%)
B Robot programming offline/online
(5%)

Engineering[incl. Commissioning]
(50%)
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Do redundancies existin the engineering process?
Where are the avoidable costs exactly?
Yes (41%)
e A survey reveals:

W Depending on application (41%)

o That 82% of the respondents cannot No (18%)
exclude non-redundancy of planning steps.

o That the pdf/paper interface is the most
widespread interface with 31%.

o That only 12% of the respondents

use standardized interfaces.

Whichinterfaces are currently used ?
Paper/PDF (31%)
M Proprietary interfaces (26%)

Generic exchange formats
(12%)

B Consistent project database
(20%)

Other (11%)
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Solutions for an efficient engineering of production systems
e highly sophisticated engineering tools
e fault free creation of engineering artifacts
e consistent exchange of engineering data

e planning of communication systems, addressing and communication package
structure

e device configuration data and structures describing the communication network
e contain topological information

e information on communication links and their quality

e basic semantic libraries and process models of communication models
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Logical and physical topology
of communication systems
Physical Device [E]

Physical Device [E]
Logical modeling

™
=
]
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=
2
=

InternalLink

PhysicalConnection(ig]

— 7 —

e addressing of applications _ _
and the expected transmission PhysicalEndPointo ==
rate of information between
application parts

— & PhysicalEndPoint

InternalLink
InternalLink

Physical modeling

LogicalConnection (]

InternalLink
InternalLink

e physical communication links
between devices

Variablelnterface oo =—@——=— ® L——@——<¢~ Variablelnterface

Communication
Package =<
DataObject

InternalLink
InternalLink
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e Requirement Analysis

What is needed?
e identify types of information characterizing a communication system

e which information should be covered by a method for a neutral exchange of communication
system engineering information

e data in the engineering process of a production system
o mechanical and electrical engineering data
o control programming “PLC Code”
o virtual commissioning
O commissioning
e definition of involved automation devices and their wiring
e control programming, runtime information (represented by control variables)
e identify additional technical details such as data types, transmission rates etc.
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What is used?
e electrical engineering: specifying wiring diagrams, wiring
e control programming: specify device configurations, variable lists, link descriptions

e virtual commissioning: used to test the physical realization of the intended data exchange
e commissioning: used variable declaration and linking descriptions for monitoring and diagnosis

mechanical
and electrical
engineering

control
programming

virtual
commissioning

commissioning
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What information is needed to describe the modeling method?
e control application
o components are linked with each other by exchanging variables

0 need to establish logical connections by logical interfaces (namely the corresponding
exchanged variables or sets of them)

o identify the requirements in terms of communication properties on the exchange of data
within the logical connections

O create properties of the control application components, e.g. processing times,
characteristics of logical interfaces, or a port number
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e Requirement Analysis

What information is needed to describe the modeling method?
e control devices
o control application components are running on different physical devices
o the logical connections must be realized by the physical data exchange

o physical device has interfaces for physical connections (necessary cables for
communication system realization)

o describe the active and passive infrastructure components such as switches, interface
converters, plug, or cable types

o analogy to the control application parts, the logical connections, and the logical

interfaces
o represent the properties of the physical devices, the physical interfaces and the physical
links
Technical Track 2015 Industry Conference & 17th Annual Meeting www.odva.org
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What information is needed to describe the modeling method?
e general modeling requirements
O represent the relations between logical and physical connections
0 map the corresponding structures at least at the used interfaces to each other
O communication system information is transmitted by data packages

O represent the mapping of variables within the data package sender to variables within
the data package receiver
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e AutomationML is a XML based data format.

e |t is an international standard (IEC 62714)
and free of charge

e AutomationML allows a consistent data
exchange within different tool chains

e |t allows the integration of the world of tools
into the digital factory of the future

=
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Which data contents are covered by AutomationML?

Plant structure Plant components

* Components hierarchy * Mechatronic structures

* Topology * Attributes of components
* Components relations * Economic data

Geometry and
kinematics

Network

* Electric construction
* Mechanic construction * Communication systems
* Locomotion planning

* Electric construction

Conduct Semantics
* Conduct of the components * Clear meaning of the objects
* Control design about classification systems

* Robotic process
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AutomationML is ...

e Data format, that allows a data exchange of engineering data of production systems
independent of the manufacturer.

e Storage format for information.

e Connection between different discipline-specific engineering tools with that it is usable in the
whole engineering process.

e Object orientated and allows the modeling of plant components as data objects summarizing
different aspects.

e Combination and adaptation of already existing industry formats that were developed for
exchange and storage of different engineering aspects.

e consistent, distributed document architecture, that enables the handling of large
amounts of data and the outsourcing of libraries to external documents.
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AutomationML is NOT...
e Tool functionality

e Review of conditions, attribute values, relations, references, or semantic correctness of several
data objects

e Review and matching of the consistence resp. version of data objects
e Automatic standardization of user specific information

e Automatic creation of libraries

e Automatic management of versions and variants

e Project management tool

e Project management database

» But it allows the storage of all data required for that
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The AutomationML — architecture

<AutomationML/>
IEC 62714 Geometry k
e Based on the use of existing Top level format Kinematic (Sl -
CAEX IEC 62424 LA s
XML data formats .
0 CAEX - structure/relation of the plant objects | |Topoiogy Ly
. . Information PLCopen
o COLLADA - geometry and kinematics Mechatronics XML
O PLCOpen XML - behaVIOI‘ Networks
) S eCl@ss’
Devices SEREnEs v
. referencing
Attributes
EFurtheraspects
i in other XML :
format [on |
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The AutomationML — architecture

) Eempiesysiem
) [IE] InjectionMouldingMachine {Class: Role: Cell}
«) [[E] ClampingUnit { Class: Rol

: FunctionGroupt

verview of Automation

() [IE] Bxtractor (Class: RolezSunFunctionGroupt

) [IE] {Class: H:

i€ i : Extractor {CI
[IE] Coupler {Class: Role: MechanicalPart]

) [[E] Guidance {Class: Roles MechanicalPart)

[IE] ExtractorPlate {Class: Role: MechanicalPart]

SupportedRoleClass: MechanicalAssembly

(~) 00 Interfaces
(~) @ ToolPlateStatic { Class: Role: SuoFunctionGroup}

() [IE] TeoIPlateDynamic {Class: Role: SubFunctionGroup)
[IE] Controlier {Class: Contraller Role: Contra/Device]

[IE] MachineBase {Class: Role: FunctionGroup}
[IE] riectionunt [Class: Role: FunctionGroup]

) [IE] HyaraulicComponents {Class: Role: MechatronicAssembiy]

[TE] CorePuller {Class: Role: HydraulicDevice}
) [IE] ruector (Class: Role: HydrzulicDevice)

~) [IE] Storrage (Class: Role: HydraulicDevice]

{Class: Role:
[TE] H¥ (Class:

[IE] HyeraulicPump (Class: HydraulicPump Role: HydraulicDevice)
[IE] HyéraulicDrive {Class: HydraulicDrive Role: HydraullcDevice}

+) [IE] HydraulicBipingNetworks {Class: Role: MechanicalAssembly)
[TE] MainHydraulicSuppiyNetwork {Class: Role: HydraulicPipingSystem}
~) [IE] HydreuicPipePump: Modules {Class: Hy: pe Role: onnection}

[IE] HydraulicPip {Class: Hy: Pipe Role: HydraulicConnection}

(~) [[E] Hycrauiic?ipeStorrage2Pump { Class: HydraulicPipe Role: HydrauficCennection}
<) [IE] ExtractorHysraulicSuppiyNetwork (Class: Role: HygraulicPipingSystem)
) [IE] HydraulicPipeygraulicvaiveModule_Extractor2HydraulicZyiinder {Class: Hydral l&: HydraulicConnection}
) [IE] HyorauiceiperycraulicZylinder2HyaraulicVaiveModule_Extractor (Class: HydraulicPipe Role: Hy o

) o Interfaces

{Class: Role: Mec!

{Class: Role: C

[TE] ControlwireExtract {Class: Contra/Wire Role: ContralWire}

) [IE] ControlWireRetract {Class: ControlWire Role: ControlWire}

|— 0UTSignalGroupExtraxtlotRetract
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Application
process

Overview of AutomationML

Development of role
classes for the
application process

Download & Import
Standard Libraries

Research data Create PLCopenXML Files Design COLLADA Data
s Y Drag&Drop Connection for Attibutes with Codesys with Google Sketchup

Create Roles |

RoleClassLib

Implement
COLLADA
Y
SystemUnitClassLib Create Components Add Add interfaces Add attributes Implement PLCopen XML Integrate COLLADA Create Assemblies
SupportedRoleClass

Add interfaces
by Drag&Drop

o/

Instance Hierarchy

L% mterfaceClassLib Create Interfaces

Create Internal Links

Add Coordinates

Development of

Development of
SystemUnitClasses
for the application
process

interface classes for
the application
process

+{iHiH

System modeling
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Topology description with CAEX
e Definition of the meaning
of objects by roles
e Definition of reusable
objects for the engineering
o Components
o Interfaces
o Roles
e Representation of project
data as project tree
e Integration of object descriptions
as attributes
e Relations between objects

and references to external documents

Overview of AutomationML

InstanceHierarchy
Description of project data

n Reference to

external data

IE *.dae

|
|
* xml | ]
|
|

System Unit Library
Definition of reusable components

_____ Instantiation of
objects

Role Class Libnary
Definition of obf'ect semantics

Use of
semantics

Interface ClasslLibrary
Definition of int%rfaces

Technical Track
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Topology description
with CAEX

File Edit Tools Windows Help

Overview of AutomationML

~) [ Examplesystem
+) [TE] injectionMouidingMachine (Class: Role: Cell

<) [IE] Clampingunit {Class: Role: functionGroup)
+) [IE] Extractor {Class: Extractor Role: SubFunctionGroup)

sy el v | sunsas ypaup Aoussisuod

%)

~ X Properties

~) [IF] HydraulicPipingSystemunitClassLib
~) ] ControtWiringSystemUnitClassiib

) [3] MachineComponentSystemUnitClasstib
~) [ HydraulicZyfinder (Class:)

~ BN Cor\v

o "'Obj,ect sematics

E ComponentGroup { Class: Group}
- ResourceStructureRoleClassLib
~ AutomationMLCSRoleClassLib

Class: Automat rface}

“interfaces

HydraulicPipinginterfaceClassiib

0

ControlwiringinterfaceClasstib

Interface}

ace)

tass (CH L

(c ~) [ HydraucDrive {Class:)
. xtractor (CI _Extractor Role:) «) B HydraulicPump (Class:)
Class: Role: {Class:)
Glass: Rglew )\ e
ripti Definition
IRoleClas: Class:
derin (Class: Vari nterface)
ng data -~ reusable
ClaseRole: SUbFUnctionGroup) 2) 50 &
A [TE] Controlie (Class: Controlier Role: ControlDevice} Do A Class:
) [IE] Machinegase (Class: Role: FunctionGroup) ~[E System ﬁarts dule_Extractq
) [[E] Iniectiontnit {Class: Rola: FunctionGroup) » Padcal
) [IE] HydraulicSystem {Class: Role: MechatronicAssembly) ~ [TE] Coupler (Class: Role: Mechanicalprt)
~ [IE] (Class: ) [IE] Guidance (Class: Role: MechanicalPart)
) [IE) © {Class: ~) [IE] Extractorplate [Class: Role:Mechanicalpart)
SupportedRoleClass: MechanicalAssembly
" 5
Y30 b | - x
[[x]
~) [ AutomationMLBaseRoleClasstib “|l(¥) @ AutomationMLinterfaceClassLib
S nyo:au«mmgacl«ussuu © 00 AutomationiEsselnterface (Class:)
ce {Class: Resourc O v [ Class: A n erf,
- Definition of “Definition of

(0

2013_VDMA AK

AEX Schema Version 215

 131101aml

Spritzeinheiten

WKZ-Schlieeinheit

~ | File Properties

Filename
AutomationML Version
Schema Version
v Metadata
(4] 2¢]
v AutomationML Editor

WriterName

_‘W’hole proieent:

WriterProjectin
| External References

AutomationMLVDMAEXample

v Statistics
Number of InternalElements
Number of Attributes
Number of Links
Number of AllObjects
Number of RoleClasses

Attributes

A Frame

<

NominalPressure
NominalPres:

Attributes of single
project elements

Name

Descript
Value
Default

Uni
DataType
Vendo

>

4 Object Header | - Attributes | - Internal Links
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Topology example

Spritzeinheiten

WKZ-SchiieBeinheit

Quelle; .arburg.com

Maschinenstander

(v) [EF] ControlwiringsystemUnitClassLib

Overview of AutomationML

Component
library

v) @ HydraulicPipingSystemUnitClassLib

) HydraulicPipe {Class:}
~ ControlWire {Class:}

@ MachineComponentsystemUnitClassLib

0 Hydrauliczylinder {Class:}

~ HydraulicDrive {Class:}

HydraulicPump {Class: }

0 HydraulicStorage {Class:}

- HydraulicvalveModule_Extractor {Class:)
A Controller {Class:}

Extractor {Class:}
~) 00 Behavi {Class:

~

~) oo out (Class: face}
o< Behaviour {Class: LogicInterface}

o COLLADAInterface {Class: COLLADAInterface}
(~) [IE] HydraulicvalveModule_Extractor {Class: HydraulicValveModule Extractor Role:}
(~) [IE] ™ {Class: H i : JlicDevice}

(~) [IE] Coupler {Class: Role: MechanicalPart)
) [IE] Guidance {Class: Role: MechanicalFar)

(A @ ExtractorPlate {Class: Role: MechanicalPart}

SupportedRoleClass: MechanicalAssembly

Project
) [TH] Examplesystem

) [IE] InjectionMouldingMachine {Class: Role: Cel)
() [IE] ClampingUnit {Class: Role: FunctionGroup}

~ [IE] Extractor {Class: Extractor Role: SubFunctionGroup)
~) [IE] HydraulicZylinder {Class: HydraulicZylinder Role: HydraulicDevice}
~) [IE] HydraulicVaiveModule_Extractor {Class: HydraulicValveMedule_Extractor Role:)
~) [IE] Coupler {Class: Role:MechanicalPart)

[IE] Guidance {Class: Role: MechanicalPart)

[IE] ExtractorPlate {Class: Role: MechanicalPart}

SupportedRoleClass: MechanicalAssembly

~) o Interfaces
~) [IE] ToolPlateStatic {Class: Role: SubfunctionGroug)
~) [IE] TeolPlateDynamic {Class: Role: SubFunctionGroup)
() [IE] Controller {Class: Contraller Role: ControlDevice}
() [IE] MechineBase {Class: Role: FunctionGroup)
() [IE] InjectionUnit { Class: Role: FunctionGroup}
) [IE] Hydrauli {Class: oni mbly}
) [[E] CorePuller {Class: Rale: HycraulicDevice}
~ E Injector {Class: Role: HydraulicDevice}
) [[E] Storrage {Class: Role: HydraulicDevice}

(~)[IE] {Class: Role: ssembly}
.;' @ Hydrauli {Class: Role:
~) [IE] Maint {Class: Role: Hydrauli

~) [IE] HydraulicPipePump2Hydraulichodules {Class: HydraulicPipe Role: HydraulicConnection]
“ [TE] HydraulicPipeHydraulicModule2Storrage { Class: HydraulicPipe Role: HydraulicConnection)
~) [IE] Hydraul P (C
) [TE] ExtractorHydraulicSupplyNetwork {Class: Role: HydraulicPipingSystem}
~) [IE] HydraulicPip dule_ExtractorZHydr: {Class: HydraulicPipe Role|
~) [TE] HysrauiicPip
w) oy Interfaces
(v [IE]1©
v [IE] ExtractorC
- [IE] © {Class: ControlWire Role:
~)[IE] ¢ {Class: ControlWire Role:

Pipe Role: HydraulicConnection}

Zylinder2Hydrauli - Extractor {Class: HydraulicPipe Role|

{Class: Role:
g [ Class: Role: C
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Geometry and kinematic description with COLLADA
e COLLADA is standardized as ISO/PAS 17506 — i

~) [IE] InjectionMouldingMachine {Class: Role: Cell}
|:| KH RO N OS ) [[E] ClampingUnit { Class: Role: FunctionGroup}

~) [IE] Controler {Class: Controller Role:ControlDevice}
~) [IE] MachineBase {Class: Role: FunctionGroup)

e Originally developed for the gaming industry B o e bl

) [IE] HydralicSystem [Class: Role: MechatronicAssembly)

. . <) [IE] HydraulicPipi {Class: Role:M
I:l Maln drlver. Sony ~) [IE] Maintiy {Class: Role: Hydrauli 55
v E' Extrac {Class: Role: Hydrauli
~) [IE] Hydrauli i . Extractor2HydraulicZylinder {Class: HydraulicPipe Role: HydraulicConnection}
X K ~) [E] Hydrauli pe Zylinder2Hydrauli -_Extractor {Class: HydraulicPipe Role: HydraulicConnection}
AutomationML AutomationML ©) 0 Interaces
00 COLLADAInterface {Class: COLLADAInterface}
InternalElement COLLADAdata L
Geometry /
> oo v e ol 210U AOASchmr a1 51 -l
Kl nem athS ; nam S:Ej:fs'une 1‘_%02_&2?.?:{::;;{;:::;‘:::r ‘h:u::TSI‘;;:T:SOZ_MSENuss«yd-}\uswerfel' type="NODE™>
— -
% “isual v
Technical Track 2015 Industry Conference & 17th Annual Meeting www.odva.org

© 2015 ODVA, Inc. All rights reserved.



INDUSTRY CONFERENCE
AND 17TH ANNUAL MEETING
e hw

Overview of AutomationML

DOVA'S 20TH ANNIVERSARY 1985-2015

Behavior description with PLCopen XML
e PLCopen XML based on IEC 61131-3
e Derived from the SPS world

e Allows the description of conduct about different types of models like Gantt Charts, PERT
Charts, Impuls diagram, State Chatrts, ...

S S
AutomationML AutomationML ':, ‘ i

InternalElement PLCopen XML

378338

$sd

Interlocking = '

Vas oy
Vard
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Networks are the integral part of modern communication systems
e Combination of used elements

e Requirement: lllustration of

Main control
application

Logical Connection A

o Logical network structures
at application level
o Physical network structures for the
technical realization of interactions
o Relationship between both views
o Descriptive attributes of both views

Active infra-

structure device

10 Device

10 function

é

4
v

b

Datagram
object

Mapping of
Variable /
Signal
interface to
datagram
object

Variable /
Signal
interface

system modeling methodology

AutomationML
Communication

Physical
device

Physical
end point
of device

Physical
connection
withend
point

o~9o O—

Logical device

Logical
end point
of device

® Logical
? connection
é with end
points
Mapping of
? logical to
o physical
v interfaces

Technical Track
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VAR Real NumberOfRevolutions ENDVAR

INDUSTRY CONFERENCE

Example network with EtherNet/IP™
0. Application of predefined basic libraries 2
g \
S
.;:9 EthernetlP
S Controller
EthernetCablel

w m CommunicationRoleClassLib
w PhysicalDevice {Class: AutomationMLEBaseRals}

PhysicalPortList {Class: AutomationMLBaseRole}

PhysicalConnection {Class: AutomationMLEaseRole}

roles
PhysicalMetwork {Class: AutomationMLEBaseRaols}

. LogicalDevice {Class: AutomationMLBaseRole}
LogicalPortList { Class: AutomationhLBaseRaole}

Encoder

LogicalConnection {Class: AutomationMLEaseRole}

LogicalNetwork {Class: AutomationMLBaseRele}
VAR Real Rotation ENDVAR

w Eb" CommunicationInterfaceClassLib
oy PhysicalEndPoint {Class: Communication}
o= LogicalendPoint {Class: Communication}
www.odva.org
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Example network with EtherNet/IP™
1. Definition of the role classes for the corresponding use case
» RoleClassLib

v) AutomationMLBaseRoleClasslib

w M CommunicationReleClassLib

v @ CommunicationRoleClassLib

w PhysicalDevice {Class: AutomationhLBaseRole} ~) g EthemetlPRoleClassLib
PhysicalPortList { Class: AutomationMLEBaseRole} v EthernetlPPhysicalDevice {Class: PhysicalDevice}
PhysicalConnection {Class: AutomationMLBaseRole} EthernetlPPhysicalConnection { Class: PhysicalConnection}
PhysicalMetwork {Class: AutomationMLBaseRale) EthernetlPPhysicalNetwork {Class: PhysicalMetwork}

> LcugicalDevice { Class: AutomationMLBaseRole) v EthernetlPLogicalDevice {Class: Logical Device}
LoaicalPortList {Cl Aut tionMLBaseRole] EthernetlPLogicalConnection {Class: LogicalConnection]

SgICalFortlIst { Liass: Automatan dsenole,
EthernetiPLogicalMetwork: { Class: LogicalNetwork]

LogicalCannection {Class: AutomationMLBaseRaole} . _—
v EthernetlPCommunicationPackage {Classs CommunicationPackage}

LogicalNetwork {Class: AutomationMLBas=Role} <) [ GeckoExampleEClassRoleClassLib

Technical Track 2015 Industry Conference & 17th Annual Meeting www.odva.org
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Example network with EtherNet/IP™
2. Definition of the interfaces for the corresponding use case
» InterfaceClassLib

) @ AutomationMLUnterfaceClassLib
+ | »g AutomationMLBaselnterface {Class:}
~) @ CommunicationinterfaceClasslib
«o PhysicalEndPoint {Class: Communication}

«o LogicalEndPoint {Class: Communication}

A CommunicationinterfaceClasslib =0 DatagrammObject {Class: Communication}
«0 PhysicalEndPoint {Class: Communication} ~ EthernetlPInterfaceClassLib
«0 LogicalEndPoint {Class: Communication} o EthemetlPPlug {Class: PhysicalEndPoint)
«0 DatagrammObject {Class: Communication) 0 EthernetlPSocket {Class: PhysicalEndPoint}

«p EthernetlPClientRequest {Class: LogicalEndPoint}
«o EthernetlPServerResponce {Class: LogicalEndPoint}
| o EthernetlPDatagrammObject {Class: DatagrammObject}
«0 DeviceTypeAttribute {Class: EthernetlP DatagrammObject}
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Example network with EtherNet/IP™ (Part 1&Part 2)

3. Modeling of the used devices and connections
» SystemUnitClassLib

- EthernetlPCommunicationPackage {Class:}
a EthernetlPExpliciteMessagePackage {Class: EthernetlPCommunicationPackage}
v GetSingleAttributeRequest {Class: EthernetIPExpliciteMessagePackage)}
- GetSingleAttributeResponce | Class: EthernetIPExpliciteMessagePackage}
SupportedRoleClass: EthernetlPRoleClassLib/EthernetlPCommunicationPackage/EthernetIPExpliciteMessagePackage
SupportedRoleClass: EthernetlPRoleClassLib/EthermnetlPCommunicationPackage
. EthernetlPObjects {Class:}

- EthernetIPidentityObject { Class: Identity Object}
CommunicationObjectinstanceAttribute {Class: }
CommunicationObjectClassAttribute {Class:}

a Message Router {Class: EthernetlPObjects}

v CommunicationObjectClassAttribute {Class:}
v CommunicationObjectInstancefttribute {Class:}

- CommunicationObject {Class: EthernstlPObjects}

- Aszembly Object {Class:}

General communication

system modeling methodology
—

v ControlApplication {Class:}
~ EncoderProfile {Class:}
+o EthernetlPSClientResponceVelocity {Class: EthernetlPServerResponce}
+ | »p Rotation {Class: Variablelnterface}
[ SupportedRoleClass: EthernetlPRaleClassLib/EthernetlPPhysicalDevice
A EtherMetlPExpliciteMessagingEcoderProfileVelocity {Class: }
+p EthernetlPClientRequest {Class: EthernetlPClientRequest}
»0 EthernetlPServerResponce {Class: EthernetlPServerResponce}
« [1f] EthernetlPEncoderProfileVelocityResponce {Class: EthernetiPEncaderProfileVelocityResponce Role: }
SupportedRoleClass: EthernetlPRoleClasslib/EthemetlPCommunicationPackage
s %9 Interfaces
«o EthemnetlPDatagrammObject { Class: EthernetlPDatagrammObject}
« [IE] EthernstlPEncoderProfileVelocityRequest { Class: EthernetlPEncederProfileVelacityRequest Roler}
SupportedRoleClass: EthernetlPRoleClassLib/EthemetiPCommunicationPackage
« 9 Interfaces
w0 EthemnetlPDatagrammObject { Class: EthernetlPDatagrammObject}
SupportedRoleClass: EthernatlPRoleClasslib/EthernetiPLogicalConnaction
v [m] EthernetlPEncoderProfileVelocityRequest {Class:}
« [@ EthemnetlPEncoderProfileVelacityResponce {Class:}
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- CPUBaugruppe {Class:}

Example network with EtherNet/IP™ (Part 3) - | ] InpuBaugruppe {Class)
3. Modeling of the used devices and connections v [ OutpuBaugruppe ((Class:)

+» [m EthernetlPBaugruppe {Class:}
» SystemUnitClassLib v [ Rack {Class)
» [m EthernetWire {Class:}
T [a EthernetlPController { Class:}
o » [1f] CPUBaugruppe {Class: CPUBaugruppe Role:}
T [1E] EthemetlPBaugruppe {Class: EthernetlPBaugruppe Role:}
o [ SuppertedRoleClass: EthernetlPRoleClassLib/EthernetlPPhysicalDevice

+ [ ControlAppixation [Class] - %9 Interfaces
o] [ EcoderProfie (Cass) T
+o EthernetPResponceVelodty | Cuss:EthernetiPResponce) +o EthernetlPSocketl {Class: EthernetlPSocket)
] vo Rotation (Class: Vaiabielnedtce)
& toss APReieClassinE «0 EthernetlPSocket? { Class: EthernstlPSocket}
| ] EtherePEplcieMessagingEcodesdrobleVelocty (Class]
vo EthemetPRequert {ClameEsherseiPRocuest » [1f] InputBaugruppel {Class:InputBaugruppe Role:}
v EhemetPResponce (Class EhemetPResponce] =
g o L= [1E] InputBaugruppe? {Class: InputBaugruppe Role:}
= _—— ErnermetPtugs » [1f] QutputBaugruppe {Class: OutputBaugruppe Role:}
[ ::L it » [1f] ControlApplication {Class: ControlApplication Role: }
g Interfces -
® <o EthermetFDatagramnChject {Class: EhernetPDatagrammQbject) s [m Encoder {Class:}
et ) vo EthemetlPSacket {Class: EthernetiPSocket]
thernetPEncoderProfileVelocityResponce | Class: |
v E EncoderProfile {Class: EncoderProfile Role: }

[ SuppertedRoleClass: EthernetlPRoleClassLib/EthernetlPPhysicalDevice
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General communication
system modeling methodology

- g IAFDemonstrationPiant

Example network with EtherNet/IP™ (] FexbenansacturingSysem (ass: RoleRescurce)

» [if] ControiCabinet {Class: Role:}

4. MOdellng Of the System i~ @Etrem;’conudler { Qlass: EthemetiPControlier Role: }

v [if] CPUBaugruppe (Cass: CPUBaugruppe Role: }

» InstanceH ierarchy .+ [if] EtnemetiPBugruppe {Class: EthermetiPBaugruppe Role:}

v E] InputBaugruppel {Class: InputBaugruppe Role: )
» [if] inputBaugruppe2 {Class: InputBaugruppe Role:)
+ [if] OutputBaugruppe {Class: OutputBaugruppe Role:}
- @ ControlApplication {Class: ControlApplication Role:)
« [Iif] Encoder {Class: Encoder Role: )
v @ EncoderProfile {Class: EncoderProfile Role:)
SupportedRoleCiass: EthemetiPRoleClassLib/EthernetiPPhysicalDevice
v %Q Interfaces
 [if] EthemmetiPWiring {Class: Role: EthemetiPPhysicalNetwork)
~ [if] EthemetCabell {Class: Ethernet\Wire Role: |
RoleRequirements: EtheretiPRoleClassLib/Ethernet!PPhysicaiNetwork
» [if] EthemetiPAppiicationConnections {Class: Role:}
- [ EtherNetlPExpliciteMessagingEcoderProfileVelocity {Class: EtherNet!PExpliciteMessagingEcoderProfileVelocity Role:)
 [if] EthemetiPEncoderProfileVeiocityResponce {Class: EthemetiPEncoderProfiieVeiocityResponce Role:)
v [if] EthemetlPEncoderProfileVelocityRequest {Class: EthernetiPEncoderProfileVelocityRequest Role: }
SupportedRoleClass: EthernetlPRoleClassLib/EtheretiPLogicalConnection
 %Q Interfaces
«o EthemetlPClientRequest { Class: EthernetlPClientRequest]

so EthernetlPServerResponce {Class: EthernetlPServerResponce}

RoleRequirements: AutomationMLBaseRoleCassLib/AutomationMLBaseRole/Resource
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AutomationML
Communication

10 Device

Main control
application

10 function

Application to communication

Physical
end point

n etW 0 r k v @ DemoPhysicalDeviceSystemUnitClassLib of device
~ LC350{ Class: ?  Pphysical
‘ connection
v @ Portlist {Class: Role: CommunicationTechnologyXYPhysicalDeviceRoleClass) with end
. point
oy EndPoint {Class: CommunicationTechnologyXYPhysicalSocket)
o Interfaces Logical device
[ SupportedRaleClass: CommunicationTechnologyXYPhysicalDeviceRoleClass ' )
] * Datagram J) Logical
{Class: Fovrs bject end point
o @ AXLBK{Class:} : Active infra- objed! of d:wce
Class: ' i Mapping of -
~) g Lerot ! [ structure device A Variable/ ? Logical
Switch {Class: H A signal connection
o { : : & interfaceto & withend
v @ Demological DeviceSystemUnitClassLib N datagram points
[ object
) 5] I0Contraller { Class:} 1 Mapping of
= . . . H Variable / A logical to
<) [[E] Porist {Class: Role: ApplizationXYLogcalPart istRoleClass} ! ) H signal I physical
. . el MmN 1 interface V' interfaces
o= EndPaint {Class: ApplicationKYLogicalEndPoint}
~ [H] LermgoerMadelifabrik
oy Interfaces <~ [IE] Modul { Class: Role: }
- . . = PhysicalNetwork | Class: Role: CommunicationTechnologyXYPhysicalNetworkRoleClass|
SupportedRoleClass: ApplicationXYLogicalDeviceRoleClass [IE] PhysicalNetwork | Class: ommunicationiechnelogy ysiealNetwarkRoleClass)
~ [IE] Wirel {Class: PhysicalConnection Role: }
a @IODevwcel {Class:} ~ [IE] Wire2 {Class: PhysicalConnection Role: }
~ [IE] Wire3 {Class: PhysicalConnection Role: }
I0Device2 {Class: [1E]
~ (Cass) < [IE] LogicalNietwork {Class: Roles ApplicationxYLogicaltitworkRoleclasst <) [TE] Mol
DemoPhysicalConnectionSystemUnitClassLib ~ [IE] LogicalConnectionA [ Class: LogicalConnection Role: ) ~) oo Logical ILC3S0- Logicalcannectiond
N . N ~ # Logical ILC350 - LogicalConnectionA
- - ConnectionB {Class: LogicalConnection Role:} o
PhysicalConnection {Class: [TE] Legical - -
Y, @ 4 { ! <) [IE] ILC170{ Class: ILC170 Role: ) =) o Physical ILC380 - Wirel
o EPL [Class: CommunicationTechnologyXYPhysicalPlug) ~) [1E] I0Device2 {Class:I0Device2 Role: ) A o Physical Switch - Wire3
. ) - ~ # Physical Switch - Wire2
) 5 ~) [IE] Protiist {Class: Role: CommunicationTechnologyXYPhysicalPortListRoleClass) o
o< EP2 {Class: CommunicationTechnologyXYPhysicalPlug} SupportedRoleClass: CommunicationTechnologyXYPhysicalDeviceRoleClass ~) o Physical Switch - Wirel
SupportedRaleClass: CommunicationTechnologyX¥PhysicalConnectionRaleClass ' [IE] AXLEK (Class: AXLEK Role:) 2) g Logical AXLEK - LogicalConnectiond
DemoLogicalConnectionSystemUnitClassLib ~ [E] 10Devicel {Class:1GDevicel Role:) 2) o Physical AXLBK - Wire2
emoLogicall.annectionsystemunitlassLy ~ [IE] Portlist {Class: Role: CommunicationTechnalogyXYPhysicalPortListRoleClass) S Logical ILC170 - LogicalConnectionB
v LogicalConnection {Class:} SupportedRoleClass: CommunicationTechnologyX¥PhysicalDeviceRoleClass #) o Physical ILC170 - Wire3
i B . <~ [IE] ILE350( Class: ILC350Role: )
oy EPL {Class: ApplicationXYLogicalEndPaint} ~ [IE] IOContraller {Class: [GCantroller Rale: ]
o4 EP2 {Class: ApplicationXYLogicalEndPoint} ) [IE] Portlist {Class: Role: CommunicationTechnologyXYPhysical DeviceRoleClass)
o i SupportedRoleClass: CommunicationTechnologyXYPhysicalDeviceRoleClass
SupportedRoleClass: ApplicationXYLogicalConnectionRoleClass 2 [TH] Seech 1 Ctane: Swritch Rolec}
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Attributes

RefBaseSystemUnit
Path

Determination of the semantics for several attributes -

EPath

RefSemantic

InternalElement Attribute

Name | EPath

Description Adress description of requested object in explicite messaging
Value
a  ObjectClass

Name ObjectClass

Description Object class attribute of EPath

Value 23 <InstanceHierarchy Mame="ExamplelH"=
« Instance <InternalElement Name="AutomationMLObject” |ID="de88f618-6802-40cc-9dd3-2d73546e6280">
e e <Attribute Mame="length" AttributeDataType="xs:integer" Unit="mm">
F— : <Description=Attribute with an eCl@ss RefSemantic</Description=
Descript Instance attribute of EPath
A <DefaultValue=5</DefaultValue>
va ue oL =Valuexb<MNalue=
~  Attribute <RefSemantic CorrespondingAttributePath="ECLASS:0173-1#02-BAA0182004" /=
Name Attribute </Attribute>
Description | Attribute attribute of EPath <Attribute Name="minSize" AttributeDataType="xs:string” Unit="mm">
value 24 =Description=Attribute with an eCl@ss RefSemantic</Description>
+| Service <DefaultValue=10</DefaultValue=
- =Nalue=10=/Nalue=
Name service <RefSemantic CorrespondingAttributePath="ECLASS:0173-1#02-BAE496£005" /=
Description Service attribute of EPath <[ Attributes
Value <fInternalElement:
<fInstanceHierarchy=
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Summary
¢ neutral data format
e system models / engineering of automation technology
e fault free creation of engineering artifacts
e modelling industrial communications
e basic semantic libraries

e decrease of planning costs d
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