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Design of
Production Systems




» 1NIS IS mine it will never be yours
stay away, from what | love.*“*

Tools consider engineering information as is ist own properties, which
should not be used by other tools.

®SEW® O U @ M 1« P I e _
Sequence Editor | Resources [ L
o8 gesamtablauf
oa indexiervorricht
B, anfahren_sch @ schraubrobot
hrauber t
c_5b20, ® c_5b20
ausrichten @ schraubrobot
t c_5b20), @® c_5b20
warten_auf @ schraubrobot
messturm_link:
T @ ckpit_aufneh.
B, anfahren_war @ fuegerob
ckpit_fueg
hrauben0
kfahres
hrauben_bel. i
\ - Iatta j
Engineering tool 1 Engineering tool 2
*Beatsteaks (2007): Limbo Messiah. Lied 5 - Demons Galore. Audio CD: Warner Music International (Warner)
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 Exchange of engineering data along engineering phases,
engineering tools, persons,

 Ensure compatibility and interoperability espeC|sIIy for
tools

« Compatibility between elements of a
system is defined by the level of
integration assessed with respect to
the agreeability of properties of the W_
elements which are in interaction Sl

prozess

Austausch-
barkeit

Kompati-
bilitat

Interope-
rabilitat

» Interoperability of elements of a
system is defined by the level of
integration assessed with respect to
the degree of involvement of the
interaction of these elements to
the fulfillment of the system
functionalities
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» Geometrie of systems and its components
* Kinematik of systems and its components

* Hierarchies of system structures
* Interfaces of hierarchies
 Device descriptions

J

)

disjoint and independent

linformatrion sets are not
They have interrelations
and dependencies

|

« Economic data like costs and floor size requirements

* Functional oriented data like weight and energy
consumption

 Use related data like handbooks and mounting guides

» Team related data lie required knowledge and skills

L /

Interfaces
Wiring plans
Piping plans

/ Uncontrolled
(physical)
behaviour

» Controlled
behaviour

e functional

parameters
 Technology
descriptions

N

Y

Control code
I/O interfaces
Fieldbus

configuration

Variable dec/aration\

/

Engineering artifacts and
information sets
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» Geometrie of systems and its components
* Kinematik of systems and its components

* Hierarchies of system structures

» Interfaces of hierarchies * Interfaces

/ Uncontrolled \

(physical)
behaviour
Controlled
behaviour
e functional
parameters

)

Variable dec/aration\
Control code
I/0 interfaces

« Economic data like costs and floor size requirements
* Functional oriented data like weight and energy
consumption

-
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Engineering artifacts and
information sets



« CAEX (IEC 62424 ) provides the basis for information modelling

InstanceHierarchy

 Description of system
structure, representa-
tion of different relevant
objects and object parts

* Hierarchies of elements
with properties

* Grouping of information
sets for the different
system objects

* Visualization of a project
or parts of a project

RoleClassLib

* Specification of object
semantics

* Specification of expected
substructures (including
attributes) of objects and
its semantics

Instencetierarchy - x SystemUnitClassLib

») [TE] Trensportunitt
> [IE] Oinder? £ Cla
> [IE] indert {Cla
> [IE] rill {Class: Drill Role: }

o0

InterfaceClassLib

<) [IE] Seaver

SequencingDescription { Class: PLCopenlnterface}

3 o< BehaviourDescription { Class: PLCopennterface}

cing { Class: Role: }

« Specification of useable interfaces
* Interfaces between system objects

 References to information stored externally (e.q. in

COLLADA and PLCopen)

- x

~ X |Object Header

mbuﬁtas
|| ]
¢ refTag
Name
Description
Value
Default Value

DataType

| Attributes (3 Internal Links

SystemUnit ClassLib

 Description of generic
system components

* Specification of reusable
objects within libraries

Attributs

* Description of specific
properties and conditions
of objects

* Internal Links

 Representation of depen-
dencies of / connections
between interfaces

What provides AutomationML

Seite 7

0TTO VON GUERICKE
UNIVERSITAT
MAGDEBURG

today ?

INSTITUT FUR ARBEITSWISSENSCHAFT,
FABRIKAUTOMATISIERUNG
UND FABRIKBETRIEB



1. Element breakdown of system to reusable compo-
nents and devices, Representation of these compo-
nents and devices by SystemUnitClasses

<) [IE] Drill_station {Class: MechatronicUnit Role: }

2. Instantiation, combination and interlinking of System ] i (o ol

< @ Subunits { Class: Role: }

UnitClasses for representation of system topologies S i e
within InstanceHiearchy — «mee S Teaionaic
< Cylinder{class:}

<) [IE] seauencing { Class: Role: }

< @ MyInstanceHierarchy

> El Sequencing { Class: Role: }
< El Devicelnterfaces { Class: Role: }
< o Interfaces

») o< SequencingDescription { Class: PLCopeninterface} > | 0 Out {Class: PLCopenInterface}

o > | 0= In {Class: PLCopenInterface}
< IEI Devicelnterfaces { Class: Role: } > o Retract {Class: PLCopeninterface}
Cylinder 2 ) o< Extract {Class: PLCopeninterface} > | o Extract {Class: PLCopeninterface}
+ 3) 00 Retract { Class: PLCopenInterface} > [El FunctionalInterfaces { Class: Role: }
i Behavi Class: Role:
Drill ) o< In {Class: PLCopenInterface} > [IE] aviour £ Class- Role- T
mm Cl1U e SupportedRoleClass: Mechatronic
> 0O {Class: peninterface} > [IE] Drill { Class: Orill Role: }
o < IE Devicelnterfaces { Class: Role: }
mm CIL

Cylinder 1 Transport > @ Functionallnterfaces { Class: Role: }

Unit 1 > @ Behaviour { Class: Role: } < [IE] FunctionzlInterfaces { Class: Role: }
° > |_| . , SupportedRoleClass: Mechatronic < o Interfaces
A Piece > TransportationUnit { Class: } > o< Reset {Class: PLCopeninterface}
4

I E I Transpor t Unit 2 7 MechatronicUnit { Class: } O Ready_for_Drilling { Class: PLCopenInterface}
[E Subunits { Class: Role: }
[E Devicelnterfaces { Class: Role: }
@ Functionalinterfaces { Class: Role: }
> @ Behaviour { Class: Role: }

> o Interfaces

O Stop_Drilling { Class: PLCopenInterface}

C1R PP
O Drilling_ ing { Class: PLG: face}

>
>
> 0O Drilling_Finished { Class: PLCopenInterface}
>
>

o> Start_Drilling { Class: PLCopeninterface}
> IE] Behaviour { Class: Role: }
> | [IE] Seavencing { Class: Role: } > | [IE] Seavencing {Class: Role: }

Piece

Usable for structured representation of plants, for the collection of reusable
elements, for the exchange of structure information, ...
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Geometry and Kinematic infor-

mation are represented by COLLADA

— XML based representation of geometrical
and kinematical information as unique
referenced object structures

— Integration within topology structures by
CAEX reference mechanisms

— Combination of partial models in CAEX
exploiting special attributes for position
information representation

Currently applicable for the
modeling of complex CAD
Information

= MyInstanceHisrarchy
= RobotCell_Demeonstrator
Robot
Subunits
PLC
Robot2
- =l IRtertanes

N

-y GaametryDesan phion
CAEX l

<InternalElement Mame="Robot2" [D="GUID3"*
<Attribute Name="COLLADAReference" AttributeDataType="xs anyURI">
<Value=file M Temp/COLLADA]L dae#Robot</Value>
<fAttribute>

COLLADA

<extra 1d="Robot">
<techmgue profile="AutomationlL" =
“instance visual scene url="#visualscene" =
<instance lanematics scene url="#lunematicsscene">
<finstance lanemnatics scenes
<itechrque>
<fextra>

What provides AutomationML
today ?
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Sequencing and behavior
Information are represented by
PLCopen

— XML based representation of sequen-cing
and behavior exploiting a unique mapping
to SFC and exploitation of unique
references to objects

— Integration within topology structures by
CAEX reference mechanisms

— Combination of different behavior models
in CAEX using variable interlinking

* Possible behaviors to be
described
— Uncontrolled behavior (Behaviour)
— Controlled behavior (Sequenzing)
— lllegal states (Interlocking)

- [IH] MyInstanceHierarchy
= [IE| Drill_Station
+ [IE | Subunits
v/ [IE| Devicelnterfaces
=1 [IE] Functionalinterfaces

CAEX

& =0 Reset

+ =0 Ready_for_Drilling
+ =0 Stop_Drilling

# =2 Drilling_Finished
# =0 Drilling_Running

=2 Start Drilling
+ (|E! Behawour
LIE | Sequencing

== SequencinfDescription

<Extamallnteface [lame="Start Driling" FefBasetlassRath="AutamatianllintarfacaClasalibRLE
sptribute lame="aflagh Atirbutelatalype="yaiating
=WaluesfleifiC:lAutamationMLiExamplesiexample RUCapan. aw Blesesialuss
aiftiibutes
aiEtarmallnterfanas

/

PLCopen XML

- <pous>
- <pou name="010BES_021" pouType=

- <interface>
- <localVars=>

"prgfigram” globalld="H_36b9a027-96cd-47dt

+ =variable name="DA_New_Piece">

+ «variable name="TA_New_Piece">

+ =zvariable name="DA_Place_Piece":>

+ =zvariable name="TA_Place_Piece">

+ =variable name="DA_Prepare_Drill">
+ =variable name="TA_Prepare_Drill">

+ =zvariable name="DA_Drill_Peace'>

+ =variable name="TA_Drill_Peace'>

+ =variable name="DA_Remove_Piece":
+ zvariable name="TA_Remove_Piece':
=/localVars=

=localvars /=

<nputvars /=

Zoubnubtiiars e

What provides AutomationML
today ?
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 Communication
networks

» Mechatronical
information
structures

Fieldbus )
configuration
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« Communication systems will be described using CAEX

« Basement is the distinction of
— Devices with logical and physical interfaces
— Logical networks consisting of interconnections of logical interfaces
— Physical networks consisting of interconnections of physical interfaces
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= LemgoRolelib2
= Device { Class: }

« Communication profil

= CommunicationInterface { Class: }

d f - BusAnschaltbaugruppe { Class: }
e I n eS = KabeI{CIass:}

o Steckerl { Class: EthemetStecker}

— Role classes for the specification of o

= Verbindung {Class: }

semantics of devices, interfaces,

Profibus { Class: }

physical and logical connections P
— Interface classes for plugs and jack '
v o0 Stecker { Class: }
— Distinction between physical o0 Shenmisie (e

< [E LemgoerMedellFabrik

networks with wires and logical )] ooenton (Cls: s S

G El LogischesNetzwerk- ein lokales logisches Stationsnetzwerk { Class: Role: Ethernet}

n etWO rkS With C O n n e Cti O n S B [E] ProfinetVerbindung- hier kdnnten mehrere Protckolle (z.B. EthernetlP) auf einem Netzwerk laufen { Class: Role: Profinet}

7 ‘E[E AXLProfinetDevice { Class: {4dcb4c68-4230-4b36-a58¢-c2ed98566813} Role: BusAnschaltbaugruppe}

C O n S i Sti n g Of g ro u p S 0 r m i rro r ~ IE[E ILCProfinet { Class: {57526682-6878-4cae-9046-16262bc1d715} Role: BusAnschaltbaugruppe}
- A
objects

RoleRequirements
RoleRequirements

— Properties of devices, networks, and D[] kit (o kBt

% ‘E] Kabel - exemplarisch ein Kabel von mehreren { Class: Role: Kabel}

connections are represented by - [ o

v) 0O Interfaces

att r i b u te S Of t h e re I evan t o0 PhysicalPort1 - dieser wird per Internallink mit einem SteckerPort verbunden { Class: EthernetStecker}

o PhysicalPort2 - dieser wird per Internallink mit einem SteckerPort verbunden { Class: EthernetStecker):
InternalElements
P IE' ILC350 { Class: Role: ControlHardware}
v HE] ILC350Profinet { Class: Role: Busanschaltbaugrupps}

RoleRequirements
v o Interfaces

o0 EthernetBuchse { Class: Buchse}
o0 RackPlanBusPort { Class: Buchse}

) PhysicalPort { Class: EthemetBuchse}

RoleRequirements
v o Interfaces

~) 0O LinkZuPLCOpenXML-Datei { Class: LogicInterface}

- - R 1_iairFlow { Class: VariableInterface)
W h at p rov I d e S A u to m at I 0 n M L ~ : Z_ZA::Pf:\ssure {scslas:“a/areia;:lr\i::ace}
R lT_El station-pnd { Class: Role: }

tomorrow ? e B

RoleRequirements



* Defined description rules

— Communication is described by devices, physical 3

networks, and logical networks
— Devices

» Will contain the hardware topology terminating at
signals

» Signals are defined by logic group

< lE] WaageStation { Class: Role: Structure}
R @ LogischesNetzwerk- ein lokales logisches Stationsnetzwerk {Cla
o @ PhysikalischesNetzwerk { Class: Role: PhysicalNetwork}
A @ ILC350 { Class: Role: ControlHardware}
A IT_E] station-pnd { Class: Role: }
e IT_EI station3-vd { Class: Role: }
RoleRequirements

» Communication relevant parameters and properties (v
Of Signa|s are attached to Signa|s ;.-lEl ILC350Profinet 4 Class: Role: Busanschaltbaugrupps)
. . . I i
» Communication relevant parameters and properties P‘;T””m”“
of devices are attached to devices v) 0O RS

— Devices will contain ,Communicationinterfaces"”

» Communication relevant parameters and properties

of Communicationinterfaces are attached to
Communicationinterfaces

— ,Communicationinterfaces” will contain “Jacks
» Jacks will be connected to plugs of wires

» Communication relevant parameters and properties
of jacks are attached to jacks

o= PhysicalPort { Class: EthemetBuchse}

RoleRequirements

v | o= Interfaces
PR LinkZuPLCOpenXML-Datei { Class: LogicInterface}
PR, I_itirFlow 4 Class: VariableInterface}

PR, I_itirPressure { Class: VariableInterface}

What provides AutomationML
tomorrow ?
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* Defined description rules

v
- PhyS|Ca| networks @ Kabel - exemplarisch ein Kabel von mehreren { Class: Role: Kabel}
» Physical networks will contain wires ~) [RR} BoteReamuzaists

. . v 0O Interfaces
» Communication relevant parameters and

properties of wires are attached to wires , A . S
0O PhysicalPori2 - dieser wird per Internallink mit einem SteckerPort verbunden { Clas:
- RoleRequirements
Wires will contain plugs

» Plugs will be connected to jacks by internal
links

» Communication relevant parameters and
properties of plugs are attached to plugs

0O PhysicalPortl - dieser wird per Internallink mit einem SteckerPort verbunden { Clas:

p IE' LogischesMetawerk- ein lokzles logisches Stationsnetzwerk { Class: Role: Ethernst}
. IE' Profinetverbindung- hier kinnten mehrere Protokolle (z.B. Ethernstl?) auf einem Netzwerk lau
— Logical networks ) [IE[E  AXLerofinetDevice { Class: {4dcb4c63-4230-4536-358c-c2d98566313} Role: BusAns

ILCProfinet { Class: {57526682-6878-4eac-9046-16262bc1d 715} Role: BusAnscha

» Logical networks will contain connections g

» Communication relevant parameters and R{,leRequiremnts
properties of connections are attached to T
connections

— ,Verbindungen® enthalten ,Mirror-Objekte”
vom Typ ,Communicationinterface”

ILC350Profinet | Class: {f815a2bc-6597-40c6-912d-95f0204f5193 ) Role: BusAnschal

— By integration of plugs in devices and its connections by wires will enable the mapping of
logical networks and physical networks
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< AutomationMLMURoleClassLib

« Mechantonic profil defines S —

- . - Supper Datz NClass: Commercial}
— RoleClassLibraries are used to y =
v 2 Administrati : ProNertySet}

define semantics of objects and

. .. A o> Communication { Class: AutomationMLBaselnterface} Rol| Pf“s@ n { Class: Ndministrative}:
att“butes eXpIOItIng the r0|e o Mechanical { Class: AutomationMLBaselnterface} fmentation { Class: AdNpistrative}

.
P ro pe rtyS et“ o Electrical { Class: AutomationMLBaselnterface 6\ | Icentifier { Class: }
]

e
o< Preumatical { Class: AutomationMLBasgCerface) e‘ [fo] ContactData { Class;4

- I nte rfaCeCIasseS for represen— / o< Hydraulical {Class: Automationip<faseinterface) o Technical { Class: SrbpertySet}

~) o0 Logical {Class: Automatierfil Baselnterface) [kon] Mechepreal { Class: Technical}

ta.tl O n Of d O m al n O rl e n te d I n te r' . o aQe( ol Physical_Properties { Class: Mechanical}
CO n n e Ctl 0 n S Of 0 b J e CtS ‘,\ &QQ X Required_Space { Class: Physical_Properties}

. . . " Mass { Class: Physical_Properties}
—_— Syste m U n ItC I asses Wlth pOSSI - ud] Fr:::'vl-‘ —69“55 I A Material { Class: Physical_Properties}
Ty . . . LIg] "¢ _‘ > [‘b& L Class: Rofe | R Payload { Class: Physical_Properties}
bilities of engineering domain Sk

. . . DeviceCINET- + pameters 1 Claee: Role: -~ Kinematic{class: Mechanical}
related structuring of information 6“% AN :
sets of mechatronical units NV

. . . . . ‘ [IE] 5:3"5"72" {C’lasIs: Rolf:} ) # Functional { Class: Technical}

S I m p I Ifyl n g th e I n fO rm atl O ’ e QP> <relinteriace {Clazs: Sanallntetface} A Control_Related { Class: Technical}
retrieval by prOViding C a.r . c‘\é 6“0 E] l;e.faviour { Class: Role: }

S e m antl C S % 66\ Q&QQ 5 ‘E Controlled behavior { Class: Role: }

A [El Uncontrolled behavior { Class: Role: }

M {Class: } Mounting_Conditions { Class: Mechanical}

¢arameter { Class: Role: } o3 Electrical_pneumatic_hydraulic { Class: Technical}

e‘ * @ Devices { Class: Role: }
0& se @ lE] GeometryKinematics { Class: Role: Mechanical}
6 ~ 0O KinematicsCOLLADAInterface { Class: COLLADAInterface}
o& a0 GeometryCOLLADAInterface { Class: COLLADAInterface}
(e RoleRequirements
o 2
IE PrimaryFunctions { Class: Role: }
lT_E] SecondaryFunctions { Class: Role: }
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* Device descriptions  Consideration of alternative .« Wirin
representations of geometric and . Pipin g
kinematic information for integration of ping
further standards

K Process descriptiom

using PPR concepts

£

» Use related data like handbooks and installation quidelines ) . .
* Extension of volatile

data sets to project
databases

\—/
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« Consideration of possibilities for the representation of arbitrary graph
based structures of systems and its representation in AutomationML

— What are the main similarities of these systems and how can they be mapped to
a common meta-model?

— How will this meta-model be mapped to the XML based dialects of
AutomationML?

— How can this structure be exploited to represent wiring plans, piping plans, etc.?
— Executed within Logic Working Group
— First activities started for meta-model definition

« Consideration of possibilities for the representation of dependencies
between products, processes and resources

— Which information have to be stored to represent products, processes and
resources properly?

— How are the dependencies between these information?
— How can they be expressed in AutomationML?
— Executed within Robotic Working Group

— First activities started by considering the example of knowledge representation for
process engineering in tooling industry

Seite 18

What provides AutomationML MB_ |
after tomorrow ? inr [

UND FABRIKBETRIEB




« Analysis of alternative descriptions for geometry and kinematics
information

— Which description means / data formats are relevant in practice? Which
application potential will they provide to AutomationML?

— How can these description means / data formats be integrated in
AutomationML in completion to COLLADA?

— Executed within Robotic Working Group

« Integration of arbitrary pdf-based information carriers for different
purposes

— Handbooks, installation guidelines, maintenance guidelines, etc. are usually
stored in pdf format, they should be exchanged in completion to system
information

— Application fields could be project management, maintenance process
management, system documentation, installation process management, ...

— How can the content of pdf documents be referenced and documented in a
semantically unique way?

— Working group unknown

Seite 19

What provides AutomationML
after tomorrow ? inr [

UND FABRIKBETRIEB



Consideration of possibilities for the extension of the application of
AutomationML with respect to project management

— Common workshop of logi.cals and University Magdeburg together with Technical
University Vienna for tool integration based on Engineering Service Bus and
AutomationML

— Date: 31.05.2012, Location: Frankfurt (Main), Cosmopolitain within main train station
— Starting point:

Engineering Project-Leng )
» How can the data exchange of tool chains oo rems TRyensen o Aemiestions
be executed efficently and vendor independent ! B e
. Process Engineer Project
» How can | ensure data consistency along m cicuiarpon ]G H o} zeemeemm. Paricpants
the engineering process chain .- =12 —a
C O nte nt Software Dev. C g C Project Config. Project
—_ - Environment AML | | G | LAML]| | Roles/Ownersh. Manager
’ Software Engineer (g ;
» Discussion of problem fields within the use gl T Sheaae i
of tool chains with respect to data consistency e omanx "_'“_E — g o<l
ser [ ngineering AML |1 7 Eng.Process P
A. . || Data Base Export Log Analysis
- Im. ﬁ 1 IE:(B Proj. Data Mod. Process cr::(:ﬂnﬁg.
. T . Knowledge || Mapping to local DM Eng. Workflow
» Evaluation of the possibility to establish a new Engincor | ET— L =
AutomationML working group | 756{3",3:“ bl S il
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Thanks for your attention!
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