Designing tool chains based on common concepts -
a data integration approach - an advanced
workshop

apl. Prof. Dr.- Ing. habil. A. Luder



- Production systems are complex S

— During the life cycle phases and the different layers of
the system hierarchy different information are relevant
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Data exchange process between more than two different tools
requires beyond syntax and semantics:

— ldentification of identical objects
— Data integration Discipline C: Data sink

Discipline A: Data source
Transport,
Transform,
Select, and
Combine Data

b4
= A\

Discipline B: Data source Discipline D: Data sink

— Both must be supported by the data logistic system
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- Complex Structures of
data generation and use
along the production
system life cycle

— multidisciplinary
approach
— several engineers of

several disciplines with
several tools

— complex data exchange
networks including data
reuse of other life cycles

apl. Prof. Dr.- Ing. habil. A. Luder
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Within each discipline:
Engineering habit

= Usually used tools,
information models,
and engineering
methods following best
practice of the
discipline

- Best tailored to
discipline related needs

> 4 Resulting in discipline-
specific data models
with discipline related
semantics

Between disciplines:
-Engineering networks

=»Usually used data _
exchange formats following
best practice of discipline
connection

=>Best tailored to data
exchange needs

=>Resulting in data models
applied for data exchange
between engineering
disciplines with discipline
integrating semantics

NOWONIZED
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Challenge - two streams of data models



- There are various Engineering
views on semantics
within engineering
networks

— Semantics of

engineering
disciplines

— Semantics of
engineering network

— Semantics of data
exchanFe_
technologies

Engineering
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Development of the two sets of data
models:

— discipline-specific data models

— discipline-crossing data models
Reflecting the necessary coupling of local
discipline-specific data models by

— mapping the model elements and

— converting data content between the data
models

= Data models shall describe identical facts
always in a uniform way and this description
semantics has to be possible to map to each
other (VDI Guideline 3685)

Discipline A

Concept
in A

Discipline
C

Concep
tinC

Concept
in B

Discipline B
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Local domain specific knowledge Global system specific Local domain specific knowledge
knowledge
Discipline C: Data si
Discipline A: Data source
Transport, -
Transform, J . g
N H | Select and n
Aatas Aggregate
Adapter o ggreg

b4
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common

concepts
common
concepts
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Centralized data logistics

Flexible tool adapters
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Each engineer thinks in terms of
conceptualized objects that can be
related to each other

= Identification of common object
concepts by discussing the N R N
oncep elation B iew

specific view on these concepts T o
with engineers in a discipline T A
]T Z‘S

= Discipline-specific views contain
= Attributes

= Relations between
concepts T 1T

ConceptVi

= Attributes within views may
depend on each other T —

oncep | ripute once i

- Dependencies can be based on ewAttribut | 2.+ 1| Dependenc ewRelation

natural laws, best practices,
regulations, and other sources

=  Often cross discipline/view
boundaries

—]
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- concept: Project <—
. . *
w‘fw:iew: PPR € Concept 3 L Relation l..& 1 View
- wview: Function
derivedFrom: omationM
attributes:

- attribute: FunctionViewI
dataType: xs:string
isIdentifier: true
relations:

- relation: source
mimeType: smsxzml ConceptVi
fileSemantic: PCCExport?name;id ow
reference: PRRA PXNRME

- attribute: Description

- attribute: Manufacturer name

- attribute: Manufacturer part number<<__ — 1 1
- attribute: Functional descriptiom —~—— PN

interfaces:
- viewInterface: PngRef
derivedFrom: Fu ionViewInterfaceClass
- wview: Mechani
derivedFrom: RutomationMLBaseRol

oleClassLib/AutomationMLBaseRole/Structure " " N

1..

assLib/AutomationMLBaseRole/Structure ConceptVi Attribute

attributes:

interfaces:

ewAttribut
e

——

Dependenc
\VA

v

ConceptVi
ewRelation

- view: Electric é:/”

derivedFrom: RutomationProjectConfigurationRoleClass
attributes:

- attribute: ElectricViewID
dataType: xs:string
isIdentifier: true

interfaces:

- viewInterface: PngRef
derivedFrom: ElectricViewInterfaceClassLib/PngRef

tmationProject
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Step 1: Ildentification of views

Identification of engineering
disciplines with

— data models applied within the 2.4 1 : \ _
engineering dllgglpllne and Concept Relation | 1.. 1 View
— data models applied for data exchange . .
between engineering disciplines 1
Definition of data-model-indicating
role classes for each view, i.e., view 1.
roie ciasses _
— Accompanied by interface classes S Ll
required to model the hierarchy relations __—
within the view
Step 2: Identification of view-related ‘ ‘T
concepts —
Identification of view-related concepts ) - | -
Dlefinition of concept related view role Swmtmout | 5.« || Depemdenc Conceptvi
ciasses ¢ Y
— Including attributes modelling the

properties relevant for the concept in the

considered view _

- . ViewConceptint

— Including .interfaces used to represent the
relations in the view
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Step 3: Design of single-discipline data

models
Define single-discipline data model for
each view by appropriate system unit i _
classes using the view-related roles ystemunitClass R

For each relevant concept, a system
unit class is developed

— Referencing related role as role class Concept | % ' Relation | 1.c 1 View
— Containing attributes of this role ; — :
— Containing interfaces of this view :

Step 4: Design of multi-discipline data

model 1.

- Define multi-discipline data model by S e—
combining single-discipline data SHenn ViewConceptio
models
For each concept, an system unit class o m
is developed

— Containing InternalElements creda_ted y - 1.
instantiating the related single-discipline
e

data model system unit classes of th ConceptVi Attribute
views relevant for the concept SiAiibutyl 2.+ 1 |gbebeidenc

— Containing depen_d$ncies between :
attributes of the different
InternalElements of the concept-related |

Eslystem unit class modelled as attribute ViewConcent
ependencies TR

ConceptVi
ewRelation

=]
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Discipline specific data
models

Discipline A: Data source

Discipline B: Da/

Translate
' to common

Discipline crossing data Discipline specific data
model models
Discipline C: Data sink
Transport, -
Transform, :
Select and . l | A

Aggregate

concepts
from
common
oncept

- '.g Object &=
ﬂ Attribute D i SCi p

line D Datd sink

Based on view related
system unit classes

Based on view crossing
system unit classes

system unit classes

Based on view related }
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bdd Functional design )

«block»

Cell

«block»
Machine

«block»
ConveyerlSensor

«block»
Turntable

«block»
UltrasonicSensor

«block»
AproxSwitch

«block»
InductiveSensor

«block»
Drive

«block»
Gearbox

«block»
Belt

«block»
Body
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bdd Mechanical design J
«block» «block» «block» «block»
MachineAproxSwitch MachineAproxSwitch MachineAproxSwitch MachineAproxSwitch
Up Down Front Back
«block» [ [ I ‘
MachineBody ‘ ‘ ‘
«block» «block» block
MachineDriveUpDow MachineDriveFrontB «plock»
n ack UltrasonicSensor
ibd Electrical Engineering J
«block» «block» «block» «block»
MachineAproxSwitch MachineAproxSwitch MachineAproxSwitch MachineAproxSwitch
up Down Front Back «blocks «blocks
\ \ \ \ MachineGearboxUpD MachineGearboxFro
| | | own ntBack
«block» «block» «block» ‘ ‘
MachineDriveUpDow MachineDriveFrontB .
UltrasonicSensor
n ack
«block»
ConveyerinductiveSe
«block» nsor
. «block»
ConveyerinductiveSe . «block»
ConveyerDrive
nsor ConveyerBody
«ll):!icck» «block» «block» «block»
ConveyerDrive ConveyerGearbox ConveyerBelt
«block» «block» «block»
TurntableAproxSwitc TurntableAproxSwitc TurntablelnductiveSe
hLeft hRight nsor
«block» «block» «block»
‘ ‘ ‘ TurntablelnductiveSe TurntableAproxSwitc TurntableAproxSwitc
‘ ‘ nsor hLeft hRight
«blocks «block» «block» [ | i | 1
! i i TurntableBod
TurntableDriveBelt TurntableDriveRotati urntableBody ‘
on block»
«block» Turntal;(IeGearboxBel — «block»
TurntableDriveBelt t TurntableBelt
«block» «block»
TurntableDriveRotati TurntableGearboxRo
on tation
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Project Machine Turntable Conveyer

ElectricView ElectricView

ElectricViewID «  ElectricViewlD ElectricView ElectricView
EIecIEtI{Ichlewt:D + ElectricViewID . Efété'i\lf'ﬁ‘é",',?
ElectricView Volt-ag:jem er +  ERP-Number . Rated voltage
ElectricViewID + Voltage
‘ ERP-Number
- Y 9 Yy G Yy § Y Q Y Q J
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FunctionalMech

: Ultrasonic .
Inductive Sensor Sensor Gearbox AproxSwitch SRl E e

ElectricView

e ElectricViewlD
+ Rated current

ElectricView ElectricView
e ElectricViewlD e ElectricViewlD R vElEe
« Inductiveness » Inductiveness
- Rated current - Rated current ElectricView
ElectricView + Rated voltage + Rated voltage «  ElectricViewID
ElectricViewlD «  ERP-Number

Drive Profile
Rated current
Ratleddvoltage ‘
Axle diameter ! 2 1 5 /
Appl. output speed \ _/ \ / N Y O /
Nominal voltage
Nominal current Y,
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Step 1: Identification of views

‘ @ HierarchyViewRoleClassLib

I* ] PPRView {Class: PropertySet }
[» [meg] FunctionView {Class: Prope SEM
{ pertySet L 4

I [Rg MechanicView{Class: PropertySets One rOle CIaSS for eaCh
: I> [Re] ElectricView{Class: PropertySet } V|eW
4 i HierarchyViewlnterfaceClassLib Here th ree VIEWS
[ic] PPRView {Class: Order} ConSiderEd

[i5] FunctionView{Class: Order }
[ic] MechanicView{Class: Orde
[ie] ElectricView{Class: Orde

One interface class for
hierarch modelling in
each view
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Step 1

One role class for each
concept relevant in the

: 4 & HierarchyViewRoleClassLib function view
I* ] PPRView {Class: PropertySet }

I* R FunctionView {Class: PropertySet }
I [Re] MechanicView{Class: PropertySet }

I> [Re] ElectricView{Class: PropertySet }

4 i HierarchyViewlnterfaceClassLib
[ic] PPRView {Class: Order }

[i5] FunctionView{Class: Order } . .
i) MechanicView{Class: Order | Step 2: Modelling of roles fo

fi6] ElectricView{Class: Order } each concept _
relevant in each view,

|» @ PPRViewRoleClassLib
4 @ FunctionViewRoleClassLib
| g Project{Class: Structure }
|» g Cell{Class: ResourceStructure }
I [rg Machine {Class: Resource }
[» [Rg Turntable{Class: Resource }
I [rg Conveyer {Class: Resource }
I* [r¢] Device {Class: Resource }
| [r¢] Drive{Class: Resource }
[> [ InductivSensor{Class: Resource }
I [rg UltrasonicSensor {Class: Resource}
I [rf Gearbox{Class: Resource }
| [Re] AproxSwitch {Class: Resource }
[» ®g FunctionalMechanicalElem
[ @@ MechanicViewRoleClassLib
4 @ ElectricViewRoleClassLib
I g Project{Class: AutomationProject }
I [re Cell{Class: DeviceUserFolder}
I [rg Machine{Class: DeviceUserFolder }
[» g Turntable{Class: DeviceUserFolder }
I* g Conveyer{Class: DeviceUserFolder }
I [r¢] Device {Class: Device }
[> [rg] Drive{Class: Device }

One role class for each
concept relevant in the
mechanic view

One role class for each
concept relevant in the
electric view

[ [re] InductivSensor{Class: Device }

b g UltrasonicSensor (Class: Device } 5th AutomationML PlugFest Hamburg Sep. 2019 Slide 19

[» [k Gearbox{Class: Device }
I» Rg AproxSwitch{Class: Device }

[ MB_ Use process exploiting AutomationML
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Step 1

‘ @ HierarchyViewRoleClassLib

5 I* ] PPRView {Class: PropertySet }
I* R FunctionView {Class: PropertySet }
I [Re] MechanicView{Class: PropertySet }
I> [Re] ElectricView{Class: PropertySet }

4 i HierarchyViewlnterfaceClassLib
[ic] PPRView {Class: Order }
[i5] FunctionView{Class: Order }
[ic] MechanicView{Class: Order }
[e] ElectricView{Class: Order }

Step 2

I @ PPRViewRoleClassLib
4 @ FunctionViewRoleClassLib
I ®g Project{Class: Structure }
I ®q Cell {Class: ResourceStructure }
I R Machine {Class: Resource }
P [®g Turntable{Class: Resource }
I W Conveyer{Class: Resource }
I e Device{Class: Resource }
I e Drive{Class: Resource }
I ®g InductivSensor{Class: Resource }
I ®q UltrasonicSensor {Class: Resource}
P &Y Gearbox{Class: Resource }
I ®d AproxSwitch{Class: Resource }
I ®Y FunctionalMechanicalElement{Class: Resource }
b @@ MechanicViewRoleClassLib
4 i ElectricViewRoleClassLib
b g Project{Class: AutomationProject }
I g Cell{Class: DeviceUserFolder }
I g Machine{Class: DeviceUserFolder }
> ®g Turntable{Class: DeviceUserFolder }
I g Conveyer{Class: DeviceUserFolder }
I e Device{Class: Device }
> ®g Drive{Class: Device }
I ®g InductivSensor{Class: Device }
I ¢ UltrasonicSensor {Class: Device }
I ¢ Gearbox{Class: Device }
P ®g AproxSwitch{Class: Device }

b

4

4

b

P
P g8 AML2ZMechanicViewSystemUnitClassLib
4

Step 3: Modelling of SystemUnitClasses as
templates for applicable objects in each view

P g8 AML2PPRViewSystemUnitClassLib
4 gff AML2FunctionViewSystemUnitClassLib

I [ Project { Role: Project, FunctionView}
|» = Cell {Role: Cell, FunctionView}
I» [l Machine {Role: Machine, FunctionView}
[ud Turntable {Role: Turntable, FunctionView }
[ Conveyer {Role: Conveyer, FunctionView }
[uf Device {Role: Device, FunctionView}
[ Drive {Role: Drive, FunctionView}
+o Function_PngRef {Class: PngRef }
~o FunctionView_toMother{Class: FunctionView }

One system unit class for
each concept relevant in
the function view

h v v =

+o FunctionView_toChild{Class: FunctionView }
FunctionViewRoleClassLib/Drive
HierarchyViewRoleClassLib/FunctionView

[ InductivSensor {Role: InductivSensor, FunctionView}

One system unit for each
concept relevant in the
mechanic view

[ud UltrasonicSensor {Role: UltrasonicSensor, FunctionView}
[0 Gearbox {Role: Gearbox, FunctionView}

[w] AproxSwitch {Role: AproxSwitch, FunctionView}
[vd FunctionalMechanicalElement {Role: Functi

@

AML2ElectricViewSystemUnitClassLib

[ud Project { Role: Project, ElectricView)
[sug Cell {Role: Cell, ElectricView}

E Machine {Role: Machine, ElectricView}
[suf Turntable {Role: Turntable, ElectricView}

One system unit for each
concept relevant in the
electric view

3
4
b
b
I 0 Conveyer {Role: Conveyer, ElectricView}
b Device {Role: Device, ElectricView}

I [0 Drive {Role: Drive, ElectricView}

I B InductivSensor {Role: InductivSensor, ElectricV
I g UkrasonicSensor {Role: UltrasonicSensor, Electi
I [0 Gearbox {Role: Gearbox, ElectricView}

I [0 AproxSwitch {Role: AproxSwitch, ElectricView}

View related system unit classes
are applied by discipline specific
tools to export/import proper
engineering objects.

0TTO VON GUERICKE
UNIVERSITAT
MAGDEBURG

apl. Prof. Dr.- Ing. habil. A. Luder

5th AutomationML PlugFest Hamburg Sep. 2019 Slide 20

Use process exploiting AutomationML



Step 1

4 @ HierarchyViewRoleClassLib

I* ] PPRView {Class: PropertySet }

I* R FunctionView {Class: PropertySet }
I [Re] MechanicView{Class: PropertySet }
I> [Re] ElectricView{Class: PropertySet }

4 i HierarchyViewlnterfaceClassLib
[ic] PPRView {Class: Order }
[i5] FunctionView{Class: Order }
[ic] MechanicView{Class: Order }
[e] ElectricView{Class: Order }

Step 2

b PPRViewRoleClassLib
4 @ FunctionViewRoleClassLib
I ®g Project{Class: Structure }
I ®9 Cell {Class: ResourceStructure }
I [ad Machine{Class: Resource }
P [®g Turntable{Class: Resource }
b W8 Conveyer{Class: Resource }
I ® Device (Class: Resource }
I e Drive{Class: Resource }
I ®g InductivSensor{Class: Resource }
I ®9 UltrasonicSensor {Class: Resource}
P &Y Gearbox{Class: Resource }
I ®d AproxSwitch{Class: Resource }

b £ MechanicViewRoleClassLib

4 [ ElectricViewRoleClassLib
b @ Project{Class: AutomationProject }
b @@ Cell {Class: DeviceUserFolder }
b @ Machine {Class: DeviceUserFolder )
b @0 Turntable{Class: DeviceUserFolder |
b @ Conveyer{Class: DeviceUserFolder }
b [0 Device(Class: Device }
b @0 Drive{Class: Device }
b @@ InductivSensor{Class: Device }
b [ UltrasonicSensor {Class: Device }
b @@ Gearbox{Class: Device }
b @0 AproxSwitch {Class: Device }

I ®Y FunctionalMechanicalElement{Class: Resource }

Step 3

b g8 AML2PPRViewSystemUnitClassLib

4 @@ AML2FunctionViewSystemUnitClassLib
b @ Project { Role: Project, FunctionView)
b [ Cell {Role: Cell, FunctionView)
b @4 Machine {Role: Machine, FunctionView }
b [ Turntable (Role: Turntable, FunctionView )
b 3 Conveyer {Role: Conveyer, FunctionView }
b @@ Device {Role: Device, FunctionView)

@ Drive {Role: Drive, FunctionView )
+o Function_PngRef (Class: PngRef )
o (Class:

N

o /_toChild (Class:

g FunctionViewRoleClassLib/Drive
0 HierarchyViewRoleClassLib/FunctionView
b 6@ (Role:

b {Role:

» @8 Gearbox (Role: Gearbox, FunctionView}
b (Role:

b @@ Functi (Role: F

Functio

b g8 AML2MechanicViewSystemUnitClassLib
4 8 AML2ElectricViewSystemUnitClassLib
b @ Project { Role: Project, ElectricView)
b @ Cell {Role: Cell, ElectricView)
b @ Machine {Role: Machine, ElectricView)
b [ Turntable {Role: Tumtable, ElectricView)
» @ Conveyer Role: Conveyer, ElectricView)
b B Device (Role: Device, ElectricView )
b [ Drive (Role: Drive, ElectricView )
b @Y {Role:

)
b [ UktrasonicSensor (Role: UltrasonicSensor, ElectricView)

b [ Gearbox (Role: Gearbox, ElectricView}

b g {Role:

)

Overall system unit
classes are applied
within data logistics
to transport and
Integrate proper
engineering objects.

Step 4: Modelling of SystemUnitClasses as

templates for applicable objects over all
views

4 AML1ConceptSystemUnitClassLib

b B Project { Role: Project}
b [ug Cell {Role: Cell}
b Bud Machine {Role: Machine}
I Bud Turntable {Role: Turntable}
P o] Conveyer {Role: Conveyer}
I [sud Device {Role: Device}
4 [ Drive {Role: Drive}
I [1€] FunctionView {Class: Drive Role: y
b [1€] MechanicView {Class: Drive Role: Drive, MechanicView
I [1] ElectricView {Class: Drive Role: Drive, ElectricView}
[*d FunctionViewRoleClassLib/Drive
[s%) MechanicViewRoleClassLib/Drive
ElectricViewRoleClassLib/Drive
P> Bud InductivSensor {Role: InductivSensor}
b [ud UltrasonicSensor {Role: UltrasonicSensor}
[ [u) Gearbox {Role: Gearbox}
b Buj AproxSwitch {Role: AproxSwitch}
I 69 FunctionalMechanicalElement {Role: FunctionalMechanicalElement}
> bu Product {Role: Product}
I [ud Process {Role: Process}
b B RequiredProcess {Role: RequiredProcess})
> [y ProvidedProcess {Role: ProvidedProcess}
b [sud Skill {Role: Skill }
I Bug Rotate {Role: Rotate}
> [sw] Translate {Role: Translate}
[ Bu Measure {Role: Measure}

\

One
system
unit for

each
concept

crossing
all views

OTTO VON GUERICKE

UNIVERSITAT

MAGDEBURG
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- Means for Semantic Integration in InternalElements
and Attributes

[Attributes \

RefBaseSystemuUnit
Path

RefSemantic
InternalElement — Attribute —|:

_C;)L- SupportedRoleClass

— RoleRequirements
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- No definition of semantics of production system
components itself by AutomationML

- But integration of existing semantic definitions
— Given for example in the eCl@ss classification standard

. eCl@ss

— Hierarchical semantic system for grouping materials, products,
and services

» According to a logical structure with a level of detail
corresponding to product-specific properties described using
standard conform properties

— Classification of materials, products, and services enabling a
unique identification of production system component classes
like devices types or installation material types

» For each class definition of standardized properties useable for
specification of individual characteristics of the class instances
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- Key element of the eCl@ss specification:

IRDI (International Registration Data Identifier)

— Based on the international standards ISO/IEC 11179-6, ISO
29002, and ISO 6532

— Providing unique identification code for each attribute and
each class of objects by IRDI
- Exploiting the referencing of the IRDI of eCl@ss
properties for referencing of semantics of an attribute
AutomationML

= Attribute CorrespondingAttributePath of the CAEX
schema element RefSemantic assembled as the string
“IRDIPath: ” + IRDI of the eCl@ss property defining the
semantics of the AutomationML attribute
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- Example of Semantic Representation for Attributes

. Attribute: max. Versorgungsspannung representing
the maximal applicable supply voltage for an inductive
sensor

— Semantically defined by the IRDI 0173-1#02-AAC962#006.

Mame max. YVersorgungsspannung

Cescription hachster Grenzwert der Spannung, die an
Walue 30

Default Value

Unit W

DataType xs:float

»  RefSemantic: ECLASS5:0173-1802-AAC965#006

<Attribute Mame="max. Versorgungsspannung” AttributeDataType="xsfloat” Linit="v"=

<Description= hichster Grenzwert der Spannung, die am Versorgungseingang eines elektrischen Betriebsmittels zeitweise oder standig anliegen mussHDescriptinn}
L <Value=30<Value=

<RefSemantic CorrespondingAttributePath="ECLASS:0173-1#02-AACI658006" /=

</Attribute>
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- We can extend this idea by utilizing the RFC 3986 -
Uniform Resource Identifier (URI)_ Generic Syntax

RFC 3986 - RFC 3986 - | [ prc 3986 - | | RFC 3986 -
protocol resource er object ID
definition path e

myScheme://myfilepath/myfile.mimetype?myQuerlD#myobjectID

IRDIPath://0173-1#002-BAA018#004

5th AutomationML PlugFest Hamburg Sep. 2019 Slide 26

Integration of Object Semantics

apl. Prof. Dr.- Ing. habil. A. Luder



- Utilization of RefSemantics for configuration of data
migration within the data logistics

RefSemantik at target value defined the

AML2AML Migration in an AML project
source

XYZaml:/[AML1Project#this.MechanicView@AttributName

_ XML2AML Trafo
XYZxml://IXMLExport?name;id#F_PXHersteller RefSemantik defines source file position or
destination file position of attribute

XYZgroup://CSVlist?id;name#4

RefSemantik defines source file position or

CSV2AML Trafo
destination file position of attribute
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E ‘s‘ ou User |Project internal ID Denomination Denomination
S > -German- -English-
g9
T >
5 OE Nutzer |Projekt interne ID Benennung Benennung
g ‘é -deutsch- -englisch-
=
B
w
Einheit/ Formatierungsvorgabe:|  2-stellig mm --- A% A
PS Production systen]
PS_SubS_UMC Cell_02 Measurement system
PS_SubS_UMC_VAP_MM Machine Measurement machine
0 on e 3 0 X AFR MUTO PS_SubS_UMC_VAP_MM CD1 D1 Drive01 1 200 200 24 0.2
X AFR MUTO PS_SubS_UMC_VAP_MM_CD2_D1 Drive02 1 200 200 24 0.2
- O 0(cle () PS_SubS UMC_VAP_CS Conveyer
X AFR MUTO PS_SubS_UMC_VAP_CS_CD1 D1 Drive01 1 200 200 24 0.1
PS_SubS_UMC_VAP_TT Turntable
R MUTO PS_SubS_UMC_VAP_TT_CD1_D1 Drive0l 1 A‘ & Q
MUTO PS_SubS_UMC_VAP_TT_CD2 D1 Drive02 1 208 1 0
4 [rt] Device {Class: Device }
Retere 0 SO e anad o Electric_PngRef {Class: PngRef }
data 2 4 [re] Drive{Class: Device }

+0 Electric_PngRef {Class: PngRef }

E n a b | e Ste pWi S e - ElectricViewlD xsistring

ivilist?nafne:id#4

extension of - Drive rofile ==
eXChang ed d ata by 4 [ Drive {Role: Drive, ElectricView} - Rated current xsiint nil FunchonView®Rated
simple configuration o Electric_PngRef {Class: PgRef }
0 ElectricView_toMother {Class: ElectricView } |~ Ratedvoltage xstint , -

- AML1Priyect*ghisf View@Rated
of adapte r models +0 ElectricView toChild{Class: ElectricView } votage \ Y LT oo

ElectricViewRoleClassLib/Drive  Axle diameter xstint - lsmsgroup /driyel§t+8)

HierarchWiewRoIeCIassLib[ElectricView - Appl. output speed xs:int - :smsgroup;f‘;’drivel'\ #0)

-~ Nominal voltage xstint - smsgroup:ﬂdrivel'\stﬂL

- Nominal current xs:int - smsgroup://drivelist¥11
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= <HO_FS_ANL id="nolD"=

<PARA_PXNAME=PS</PARA_PXNAME=
<PARA_PXTEXT=Demonstration agend based production system</PARA_P
& <HO_FS_TAM id="nolD">

<PARA PXMAME>PS_SubS</PARA_PXMNAME=

<PARA_PXTEXT=Value chain within production system=/PARA_PXTEXT=
& =HO_FS_BER id="nolD"=
<PARA_PXNAME=PS_SubS_UMC</PARA_PXNAME:=
<PARA_PXTEXT=Ultrasonic Masurement Cell</PARA_PXTEXT:=

0 i<HO_FS_TBR id="nolD">
<PARA_PXNAME=PS_SubS_UMC_VAP</PARA_PXNAME=
<PARA_PXTEXT=Part of Cell</PARA_PXTEXT>

= <HO_FS_MAS id="nolD">
<PARA_PXNAME=PS_SubS_UMC_VAP_MM=/PARA_PXMNAME=
<PARA_PXTEXT=Measuring Machine</PARA_PXTEXT>

= <HO_FS_FGR id="nolD">
<PARA_PXNAME=PS_SubS_UMC_VAP_MM_CD1=/PARA_PXNAME:=
<PARA_PXTEXT=Drive Chain</PARA_PXTEXT=

= <HO_FS_ANT id="nolD">

<PARA_PXTEXT=Drive</PARA_PXTEXT=
<PARA_CODE=DRIVE</PARA_CODE=
<PARA_CODE_TEXT>DC motor</PARA_CODE_TEXT=>
<PARA_ZZ LIEFERA=Some Drive Provider</PARA_ZZ | IEFERA
<PARA_Z7_TYPBEZ/>

<PARA_MFRPN>ABC 123 DEF 456.78 GH </PARA_MERPN:
<PARA_SUPPLY_LINE=10</PARA_SUPPLY_LINE=
<PARA_GROES=22</PARA_GROES=
<PARA_CURRNT=220</PARA_CURRNTS
<PARA_SPEED HIGH=1000 </PARA_SPEED HIGH:=
r </HD_FS_ANT=

s <HO_FS_FEG id="nolD">

& <HO_FS_FEG id="nolD">

i <HO_FS_FEG id="nolD">

- | </HO_FS_FGR=

i <HO_FS_FGR id="nolD">

i <HO_FS_FGR id="nolD">

r </HO_FS_MAS:>

& <HO_FS_MAS id="nolD">

& =HO_FS_MAS id="nolD">

[ i</HO_FS_TBR>

<PARA_PXNAME>PS_SubS_UMC_VAP_MM_CD1_D1</PARA_PXNAME:>

Concept identification
and modelling

@@ FunctionViewRoleClassLib

> [me| Project{Class: Structure }

P> Cell{Class: ResourceStructure }
P Machine {Class: Resource}

> [re] Turntable {Class: Resource)
pnvever{Class: Resource }

b Device{Class: ResoUrcey

4 AML2FunctionViewSystemUnitClassLib
I B Project { Role: Project, FunctionView)
I g Cell {Role: Cell, FunctionView})
> Machine {Role: Machine, FunctionView}
I B Turntable {Role: Turntable, FunctionView}
I [ Conveyer {Role: Conveyer, FunctionView}
I buf Device {Role: Device, FunctionView}
4 [ Drive {Role: Drive, FunctionView}
0 Function_PngRef {Class: PngRef }
@ FunctionView_toMother{Class: FunctionView }
@ FunctionView_toChild{Class: FunctionView }
B¢ FunctionViewRoleClassLib/Drive
i€ HierarchyViewRoleClassLib/FunctionView
I» fwd InductivSensor {Role: InductivSensor, FunctionView}
I B UltrasonicSensor {Role: UltrasonicSensor, FunctionView)
I» [l Gearbox {Role: Gearbox, FunctionView}
b B AproxSwitch {Role: AproxSwitch, FunctionView}
P &g FunctionalMechanicalElement {Role: FunctionalMechanicalElement, FunctionView }

[SS. rhy = - Function Vi evei — siiog ~ smsxml://PCCExport?
kwaction PngRef {Class: PngRef } m—name;id#PARA_PXNAME
- . Description XS:SUg X smsxml://
b InductivSensor{Class: Resource } e PCCExport#PARA_PXTEXT
P UltrasonicSensor{Class: Resource } - Manufacturer name xsistring msxml://
PCCExport#PARA_ZZ_LIEFERA
> [rel ource } | po ZZ_ |
. Manufacturer part number  xsistring >  smsxml//
itch {Class: Resour PCCExport#PARA_MFRPN
P un lass: Resource ional description xsistring v  smsxml//

Reference source and
sink data structure

PCCExport#PARA_CODE_TEXT

smsxml://
PCCExport#PARA_SUPPLY_LIN
E

Rated power ‘ smsxml://
PCCExport#PARA_GROES
-~ Rated current xstint smsxml://
PCCExport#*PARA_CURRNT
Max. output speed xstint * smsxmk//

PCCExport#PARA_SPEED_HIGH

OTTO VON GUERICKE

UNIVERSITAT
MAGDEBURG
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Step la: Functional engieering

<HO_FS_ANL id="nolD">
<PARA_PXNAME>PS</PARA_PXNAME>

«PARA_PXTEXT>Demonstration agend based production system</PARA_PXTEXT> S te p 1 C : S e t u p Of
=HO_FS_TAN id="nolD">

<PARA PXNAME=>PS_SubS</PARA PXNAME:=>
A POAME RS S PARA PHE, s AT overall data model
<HO_FS_BER id="nolD">
<PARA_PXNAME=PS_SubS_UMC</PARA_PXNAME=>
<PARA_PXTEXT>Ultrasonic Masurement Cell</PARA_PXTEXT>
<HO_FS_TBR id="nolD">
<PARA_PXNAME=PS_SubS_UMC_VAP</PARA_PXNAME>
<PARA_PXTEXT>Part of Cell</PARA_PXTEXT>
<HO_FS_MAS id="nolD">
<PARA_PXNAME=PS_SubS_UMC_VAP_MM</PARA_PXNAME:=
<PARA_PXTEXT=Measuring Machine</PARA_PXTEXT=
<HO_FS_FGR id="nolD">
<PARA_PXNAME>PS_SubS_UMC_VAP_MM_CD1</PARA_PXNAME>
<PARA_PXTEXT>Drive Chain</PARA_PXTEXT>
<HO_FS_ANT id="nolD">
<PARA_PXNAME=PS_SubS_UMC_VAP_MM_CD1_D1</PARA_PXNANE:
<PARA_PXTEXT>Drive</PARA_PXTEXT=>
<PARA_CODE>DRIVE</PARA_CODE>
<PARA_CODE_TEXT>DC motor</PARA_CODE_TEXT=
<PARA_77_LIEFERA>Some Drive Provider</PARA_77_LIEFERA>
<PARA_7Z TYPBEZ/>
<PARA_MFRPN>ABC 123 DEF 456.78 GH </PARA_MFRPN>
<PARA_SUPPLY_LINE>10</PARA_SUPPLY_LINE>
<PARA_GROES>22</PARA_GROES>
<PARA_CURRNT>220</PARA_CURRNT=> lnstanceHierarchy
<PARA_SPEED_HIGH=1000 </PARA_SPEED_HIGH:= 4
</HO_FS_ANT> 4 [iE] PS {Role: Project}

<HO_FS_FEG i 4 [ie] PS_SubS_UMC {Class: Cell Role: Cell, FunctionView}
<HO_FS_FEG i +o Function_PngRef{Class: PngRef }
<HO_FS_FEG id="nolD"> 0 FunctionView_toMother{Class: FunctionView }
</HO_F8_FGR=> . . & o =

_FS | B 5
HO. 75 FOR HernolD"™> FunctionView_toChild (Class: FunctionView }

<HO_FS_FGR id="nolD">
<HO_FS_MAS>

[N

(€] PS_SubS_UMC_VAP_MM {Class: Machine Role: Machine, FunctionView}
o Function_PngRef {Class: PngRef }

<HO_FS_MAS id="nolD"> +o FunctionView_toMother {Class: FunctionView }

<HO_FS_MAS id="nolD"> o FunctionView_toChild {Class: FunctionView }

</HO_FS_TBR> b fiE] PS_SubS_UMC_VAP_MM_CD1 D1 {Class: Drive Role: Drive, FunctionView)
b [1€] PS_SubS_UMC_VAP_MM_CD1_GB1 {Class: Gearbox Role: Gearbox, FunctionView}
b (1] PS_SubS_UMC_VAP_MM_CD1_AS1 {Class: AproxSwitch Role: AproxSwitch, FunctionView}
b [ig] PS_SubS_UMC_VAP_MM_CD1_AS2 {Class: AproxSwitch Role: AproxSwitch, FunctionView}
b [iE] PS_SubS_UMC_VAP_MM_CD2 D1 {Class: Drive Role: Drive, FunctionView}

i€] PS_SubS_UMC_VAP_MM_CD2_GB1 {Class: GearboxRole: Gearbox, FunctionView}

b (i) PS_SubS_UMC_VAP_MM_CD2_AS1 {Class: AproxSwitch Role: AproxSwitch, FunctionView}

b (1] PS_SubS_UMC_VAP_MM_CD2_AS2 {Class: AproxSwitch Role: AproxSwitch, FunctionView}

b €] PS_SubS_UMC_VAP_MM_UMPARA_UMSI {Class: UltrasonicSensorRole: UltrasonicSensor, FunctionView}

B¢ HierarchyViewRoleClassLib/FunctionView

&R FunctionViewRoleClassLib/Machine

PS_SubS_UMC_VAP_CS {Class: MachineRole: Machine, FunctionView }

b (1€} PS_SubS_UMC_VAP_TT {Class: MachineRole: Machine, FunctionView}

¢ HierarchyViewRoleClassLib/FunctionView

& FunctionViewRoleClassLib/Cell

PPRViewRoleClassLib/Project

FunctionViewRoleClassLib/Project

MechanicViewRoleClassLib/Project

sid ElectricViewRoleClassLib/Project

Step 1b: Translation
to AutomationML
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Step 2a: Mechanical engieering Step 2¢: Int tion i
ep 2c: Integration in

overall data model

00 180.00 0.00" mationplac: false” durchmesse!
X 0.00 0.00 0.00" motionplaced="Talse">
0000 0.0000 0.0000" rotation="0.00 0.
rive'” position="0.0000 0.0000 0.0000" rotation="0.00 0.00 0.00" mation placed="false"/>
“Getriebe" DescrEN="Gear box” position="0.0000 0.0000 0.0000" rotation="0.00 0.00 0.00" motionplaced="false"/>
<Assembly name="14101113" DescrDE="Endschalter” DescrEN="Limiting switch” position="0.0000 0.0000 0.0000" rotation="0.00 0.00 0.00" motionplace:
<Assembly name="14101114" DescrDE="Endschalter” DescrEN="Limiting switch” position="0.0000 0.0000 0.0000" rotation="0.00 0.00 0.00" motionplace:
<lAssembly>
<Assembly name:
<Assembly name:

lse"/>
Ise"/>

14101120" DescrDE="Antriebsstrang” DescrEN="Drive chain” position="0.0000 0.0000 0.0000" rotation="0.00 0.00 0.00" motionplaced="false">

"14101121" DescrDE="Antrieb” DescrEN="Drive" position="0.0000 0.0000 0.0000" rotation="0.00 0.00 0.00" motionplaced="false"/>
<Assembly name="14101122" DescrDE="Getriebe" DescrEN="Gear box" position="0.0000 0.0000 0.0000" rotation="0.00 0.00 0.00" motionplaced="false"/>
<Assembly name="14101123" DescrDE="Endschalter” DescrEN="Limiting switch" position="0.0000 0.0000 0.0000" rotation="0.00 0.00 0.00"
<Assembly name="14101124" DescrDE="Endschalter” DescrEN="Limiting switch" position="0.0000 0.0000 0.0000" rotation=

<IAssembly>

<Assembly name="14101130" DescrDE="Messeinheit” DescrEN="Measurement unit" posit

“14101131" DescrDE="Ultraschallsensor” DescrEN="Ultrasonic sensor” position="0.0000 0.0000 0.0000° rotatio

0.00 0.00 0.00" motionplaced="false"/>

</Assembly>

<Assembly name="14101140" DescrDE="Gestell" DesciEN="Frame" position="0.0000 0.0000 0.0000" rotation="0.00 0.00 0.00" mationplaced="false"/>

<IAssembly>

<Assembly name="14101200" DescrDE="Band" DescrEN="Conveyer" position="0.0000 215.0000 0.0000" rotation="0.00 0.00 0.00" motionplaced="Talse">

<Assembly name="14101210" DescrDE="Antriebsstrang" DescrEN="Drive chain" position="0.0000 0.0000 0.0000" rotation="0.00 0.00 0.00" motionplaced="false">
<Assembly name="14101211" DescrDE="Antrieb" DesciEN="Drive" position="0.0000 0.0000 0.0000" rotation="0.00 0.00 0.00" motion placed="false"/>
<Assembly name="14101212" DescrDE="Getriebe" DescrEN="Gear box" position="0.0000 0.0000 0.0000" rotation="0.00 0.00 0.00" motionplaced="Talse"/>

<lAssembly>

<Assembly name="14101220" DescrDE="Positionserkennung” DescrEN="Position detection” position="0.0000 0.0000 0.0000" rotation="0.00 0.00 0.00" motionplaced="false">

InstanceHierarchy

<Assembly name="14101221" DescrDE="Positionssensor’ DescrEl="Position sensor” position="0.0000 0.0000 0.0000" rotation="0.00 0.00 0.00" motionplaced="false"/> 4 [i] PS {Role: Project}
</Assembly> 4 [1E] 14100000 {Class: Project Role: Project, MechanicView)
<Assembly name="14101230" DescrDE="Gestell" DescrEN="Frame" position="0.0000 0.0000 0.0000" rotation="0.00 0.00 0.00" motionplaced="false"/> o Mechamc Pngkeﬂ(llss' PngRef }
</Assembly> _toMother {Class: H
<Assembly name="14101300" DescrDE="Drehtisch” DescrEN="Turntable" position="640.0000 0.0000 0.0000" rotation="0.00 0.00 0.00" motionplaced="false"> liew_toChild {Class: )

14101310" DescrDE="Antriebsstrang” DescrEN="Drive chain” positios 0000 0.0000 0.0000" rotation="0.00 0.00 0.00" motionplace:
14101320" DescrDE="Antriebsstrang” DescrEN="Drive chain” position="0.0000 0.0000 0.0000" rotation="0.00 0.00 0.00" motionplace:
14101330" DescrDE="Positionserkennung” DescrEN="Pasition detection” position="0.0000 0.0000 0.0000" rotation="0.00 0.00 0.00" mationplaced:
14101340" DescrDE="Gestell" DescrEN="Frame" position="0.0000 0.0000 0.0000" rotation="0.00 0.00 0.00" motionplaced="false"/>

<Assembly nam:
<Assembly name:
<Assembly nam:
<Assembly nam:

4 E 14101000 { Class: Cell Role: Cell, MechanicView)
»o Mechanic_PngRef (Class: PngRef )
*@ MechanicView_toMother{Class: MechanicView )
~0 MechanicView_toChild{Class: MechanicView |

"false">

<lAssembly>
</Assembly> 4 [i€] 14101100 {Class: MachineRole: Machine, MechanicView )
</Assembly> +0 Mechanic_PngRef (Class: PngRef }

0 MechanicView_toMother{Class: MechanicView }
0 MechanicView_toChild (Class: MechanicView }

4 [iE] 14101110 {Class: Role: fiew)
»0 Mechanic_PngRef{Class: PngRef }
o _toMother (Class: iew }
o _toChild (Class: }

b [i€] 14101111 {Class: Drive Role: Drive, MechanicView)
I [iE] 14101112 { Class: Gurbannle Gearbox, MechanicView }
b
2

1€ 14101113 (Class: Apr X )
[i€] 14101114 { Class: AproxSwit . )
= H\:rarchy‘htwRoleC\nssL\b/Me:huch\:w
i Mechanic) L
b [iE] 14101120 {Class: F Role: iew)
> [iE] 14101130 {Class: F Role: iew)
b [iE] 14101140 {Class: F Role: iew)
HierarchyViewRoleClassLib/MechanicView
& MechanicViewRoleClassLib/Machine
b (i) 14101200 (Class: ConveyerRole: Conveyer, MechanicView )
. b (i 14101300 (Class: TurntableRole: Turntable, MechanicView)
Ste p 2 b - Tran S I atl O n 5 HierarchyViewRoleClassLib/MechanicView
. &) MechanicViewRoleClassLib/ Cell
. B HierarchyViewRoleClassLib/MechanicView
to AutomationML B8 MechancVienoleClssti Prject
[ PPRViewRoleClassLib/Project
[ FunctionViewRoleClassLib/Project
[ MechanicViewRoleClassLib/Project
[ ElectricViewRoleClassLib/Project
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Step 3a: Electrical engieering

Step 3c: Integration in
overall data model

oU User _[Project internal D D

|-German-

OE Nutzer |Projekt interne ID
|-deutsch-

relevant |y relevant

Funktions-

heit/ Formatierungsvorgabe:| 2-stellig

P: Production syste

PS_SubS_UMC Cell_02 Measurement system
PS_SubS_UMC_VAP_MM Machine Measurement machine

x AFR MUTO PS_SubS_UMC_VAP_MM_CD1 D1 Drive0l

X AFR MUTO PS_SubS_UMC_VAP_MM_CD2_D1 Drive02

PS_SubS_UMC_VAP_CS Conveyer

x___|AFR MUTO __|PS_SubS_UMC_VAP_CS CD1 D1 Drive01

PS_SubS_UMC_VAP_TT Turntable

x AFR |MUTO PS_SubS_UMC_VAP_TT_CD1_D1 Drive01

x__|aFR [MUTO|PS_subs_UMC_VAP_TT_CD2 D1 Drive02

200 200 24 02

200 200 24 0.1

rlel el [=]e

200 100 24 01

4 .- InstanceHierarchy
y
I [1€] PS {Class: Project Role: Project, ElectricView)
b [iE] PS_SubS_UMC {Class: CellRole: Cell, ElectricView)
b [1E] PS_SubS_UMC_VAP_MM {Class: MachineRole: Machine, ElectricView}
[1e] PS_SubS_UMC_VAP_MM_CD1_D1 {Class: DriveRole: Drive, ElectricView}
> [1€] PS_SubS_UMC_VAP_MM_CD2_D1 {Class: DriveRole: Drive, ElectricView}
[1€] PS_SubS_UMC_VAP_CS { Class: Machine Role: Machine, ElectricView}
> [1€] PS_SubS_UMC_VAP_CS_CD1_D1 {Class: Drive Role: Drive, ElectricView}
b [1E] PS_SubS_UMC_VAP_TT {Class: MachineRole: Machine, ElectricView)
b [1€] PS_SubS_UMC_VAP_TT_CD1_D1 {Class: Drive Role: Drive, ElectricView}
b [1g] PS_SubS_UMC_VAP_TT_CD2_D1 {Class: Drive Role: Drive, ElectricView)
[®d PPRViewRoleClassLib/Project
[%¢ FunctionViewRoleClassLib/Project
Step 3b: Translation @ MechanicViewRoleClassLib/Project

to AutomationML [ ElectricViewRoleClassLib/Project

v

P

<

v

o
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- Method assists responsible staff (data model
integrator) within identifying information to be
exchanged in engineering networks

- Efficiency and speed of data logistics can be
improved with automated data integration
without change in the engineering habit of the
involved engineers

- Implementation of a data logistics can be
conducted incrementally.

- Main limitation: Need of a data model integrator
as a new role within an engineering network that
has to have an overview on the different involved
engineering disciplines
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