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ABSTRACT

This contribution presents a framework for improving the simulatiased development process
relying on seamlessglata and parameter excharnggweengeneraltypes ofcomponerg, physical
components o& specificsystem and the respective simulation modak proposed solution relies
on the concept of the Asset Administration Shell (AA®) leveragethe availability and
interoperabilityof the hetepgenousasset@andto accessheir proprietarypropertiesTherefore three
AAS-basedsolutionsare introducedbo integrade different asset kind$heyrepresencomponent type
data and simulation models provided by the component supplier, simulation models of components
instantiated in a local simulation environmeahd real components in operation with different
communication interfacesThe solutions are implemented in a framework aw@mhonstrated
successfullythroughdifferent simulatiorbasedengineering useasesusinga servehydraulic press
asareference system

Keywords:Industrie 4.0 Asset Administration ShelDigital Twin, Simulationbased Devlepment
ProcessOPC UA, NFC

1. INTRODUCTION

ModelBased Systems Engineerif§lBSE) is playing an increasingole in the development of
complex machines amaroducts, withever moredemandingequirementsSystem simulations can

add significant valuat all phases of a machine's product-kfecle, from concept validation and
componentdimensioning, function and logic control development, virtual commissioning, process
optimization, condition monitoring, and remote maintenance. However, their effectiasnasssis

for decisioamaking relies ona sufficiently accurate representation of the system state in the
simulation, which depends on the level of detail of the simulation maddlghe congruence between
actual system and component characteristics and model parameters assumed for sifiniegion
simulation modelsyhich are usuallycreatedduring the engineering phasge the beginning of a
productlife-cycle typically lack a tight coupling to the actual system and its respective engineering
artifacts, theeis a growing discrepancy along tife-cycle The current process of aligning relevant
data and parameters of the simulation models with engineering artifacts, technical documents, and
the reakystenin operation izonducteananually. This procesgquiresoordinatioracross multiple
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stakeholders, is labantensive and prone to errors, and is therefore rarely perforites poor
linkage is caused by the high heterogeneity,-indgroperability and lack of toeindependent
Application Programming InterfacesARl) to access relevant data and informatian both,
components the field and in thgimulation

Therefore the aim of this publication is tenableinteroperable and crossanufacturer automated
bi-directional exchange of simulatioelevant parameters between machinenponents and their
associated simulation models according to the principle of digital tiims.eliminates the need for
manual parameterization steps, allowing individual development steps in the development process to
be flexible, erroifree, and timeefficient.

After showing the specific challenges and requirements that emerge from the simulation in this
contextin section 3 a solution that strongly relies on the Asset Administration Shell (AAS) is
presentedh section 4In this approach, the AAS integrates three different asset kinds for facilitating
the standardized exchange of asset information in an open and interoperable data synchronization
layer- components or modeisacross a value creation network over mudtjphases of theroduct
life-cycle

After introducingrelevantfeaturesof the AAS the solution approachésr the integration othree
differentasset kindsire presenteith section 5 Theyconsider

1 componentypedataand simulation modelsrovided by the component supplier

1 smulationmodels of components instantiated in a local simulatimvironment

1 realcomponentsn operation withdifferentcommunication interfaces

The feasibility of theimplemented frameworWith respect tahe three asset kinds demonstrated
and validatedin section 6throughthe realization oengineering useasesof the drivetrain ofa
hydraulic servepress provided by Parker Hannifin.

2. DIGITAL TWIN SIN MODEL BASED SYSTEMS ENGINEERING

Shorter productlife-cycles and increasingly sophisticategroduct functionalities require the
developmentof methodologiesthat effectively manage the complexity of mudisciplinary
engineering At the same timehe flexibility and scalability of thestablishealesign methodshall
be maintainedMBSE serves asn establishedpproach in this contexor continuous description
and analysis of the system to be develgpgdutilizing simulatiormodels, from the early phase of
conception through the entire prodlfg-cycle [1]

Within MBSE, simulation models playnaimportantrole in analyzing, testing, and optimizing
systems in a controlled virtual environmeaven beforeghe creation of physical prototypeBhis
approach not onlgeduceghe costs and time associated with the development of physical models but
also enhances the precision of system behavior predictions under varying condititifes-@arade
stage$2]. To serve as a reliable foundation for decismaking in design and optimization processes,
the simulation moel must accurately reflect thgystembehaviorin different operating points
Conversely, any optimization performed on the simulation model shoukflbetedin theregarded
system Thereforea bidirectional data flow for the continuous updating and synchronization of both
the model and theurrentsystemstate is crucialFor machine design and system optimization,
simulation moded are often represented dympedparamegr OD or 1D system simulatios These
systemsimulationsincorporatethe individualbehaviorof all componentswvhich are part of the
machine For these kinds of simulationthe requireddata flow betweeihe physical machinend

the simulation modelormallyincludesthe exchange ahodelparametesas well as iputand output
signals.



Simulation modelsan be utilized for different purposeser the entire produdife-cycle of a

machine. To ensure alignment between the simulation model reald system occasional
synchronizatiorof parameterss essentialespeciallywhen changebave beemade toeither the
machineor thesimulation modelFigure lillustrates the application scenarios simulation models
as well aghe required pointir parameteupdating
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Figure 1:Changes of Machine ar@imulation ModelTwin across th@roductlife-cycle

Initially, the systemsimulationmodel is seup with a simulation environment, by linking simulation
models of individual components. Aftgenerakconcept validationduringthedimensioningorocess

the simulation componergarametersare adjustedto match the sizesand characteristicof the
componentsavailable on the marketAfterwards, the simulation model is connected to a
programmable logic contrelr, for control and controller design as well as virtual commissioning.
The optimal parameters determined are subsequently transferred to the machine and further adjusted
during the real commissioning process. During the operational phasantiiation model isused
continuously for monitoring and optimizations, e.g., to imprheenergy efficiency. Concurrently,
thephysicalsystemexperiencesontinuous changes of its characteristics due to degradation, such as
wear or contamination. Prior to reconfigtionof amanufacturing process, tidendedchanges are

first prepared and tested using theulation model, andonly then implementetb the physical
systemsimilar to the processesescribediuring commissioning.

The frequentmodificationsin both the machine and its modehroughout the produdife-cycle
undetine the need for continuous mutual synchronization. Manual synchronizassuggesteid
figure 2 by the concept of Digitd¥lodel, representghe current statef-the-art in the industry.
Manual synchronizatioand adaptiorare laborintensive and prone to errors, leading to outdated
models that diminish in quality ag@ndation fordecisioamaking Therefore widespread adoption

of simulation model& industry remains limited despite theany advantages they offer.
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Given these challenges, there is a compelling need for a tightly coupled relationship between the
simulation model and the systeat design and in operatiophass, facilitated by automated
bidirectional data flow. This becomes even more important when the simulation model is integrated
into reattime control loops with theorrespondingeal systemA digital object, which possesses this

level of automated coupling with the real object, is referred to as a Digital [Blyiseefigure 2.
Therefore the implementation dDigital Twins serveso overcomehese limitationgo fully realize

the potential of MBSE andanable efficient, effective, and economical application of digital
engineering.

3. CHALLENGES AND REQUIREMENTS FOR USING SIMULATION -BASED
DIGITAL TWINS IN ENGINEERING

The evolution from traditional engineering approaches to MBSE has introduced both opportunities
and challenges in the engineering landscapes transition necessitates a reevaluation of the
requirements and challenges associated with enginagsingDigital Twins.

MBSE offers a holistic approach to engineering, wherein all relevant requirements and aspects are
described across various domains and are consistently interlinked. This allows for transparent
visibility of the impact of design changes across all modsjstss and processes, enabling conflict
identification and resolution. The approach also facilitates iterative design changes throughout the
productlife-cycle incorporating feedback loops. Moreover, MBSE allows for the decomposition and
composition of tk overall system into subsystems, thereby enabling independent and parallel
development as well as reusability.

Thisleads to the following implications amtnsequencesduring product development

1 The holistic viewof MBSE requiresthe representation afystems from various perspectives
and domaig, leadng to the involvement of multiple stakeholders and thtlization of
differentengineeringools.

1 The approackonsidersystem composition and decomposition requirmaglular subsystems
and componentsvith defined system boundaries and interfatlest can separatelpe
developedandthencombined into an overall system.

1 The involvement of multiple stakeholders and engineering tools resdleterogeneouand
distributed data sourcedth proprietarydataformats For seamless integratiaf all partial
solutions acrossvarious engineering client applicationshe shareddata mustincrease in
availability, consistencyandinteroperabilitywith unambiguouslydefinedsemantics



Given these implications, the prerequisites for digital engineering include high availability,
continuity, and consistency of all relevant and interconnected data across organizational boundaries,
life-cycle phases, and tools. Only on this foundatidavelopment processesn holistically be
analyzed, optimized, and ultimately automated.

From the described implications of MBSthe requirements fosimulationmodelsfollowing the
Digital Twin approacttan be derived as follows

1 Simulation models of components should accurately represent the behavior of the real
components, requiring suitable modelingled physicsand accurate parameterization.

1 To ensuregeusadity and scalabilityof simulation modelsamodularandencapsulated design
with clearly definednterfacess required foiintegration To obtainflexibility and the ability
to adaptsystemvariations relevantparameter®f the simulation modedhould be accessible
from external

1 To facilitate integration into various applications and tqasnulation models should be
interoperablevith unambiguouslylefinedproperties

1 To ensurdghat multiple stakeholders and engineering applicatiolisin an equal andmost
recentsystemstate, he simulation instance shout@ globally accessible ameflecta unique
data source, adhering to the principlesiafjle-sourceof-truth.

To fully leverage the capabilities of Digital Twins, tools and applications are needed that enable
seamless linking of Digital Twins with theiealworld counterpartsand integration into various
engineering scenarios. This, in turn, imposes similar requirements concerning data availability,
interoperability, unambiguityand consistency for tr@mponent'parameters at design stageobr

the physical componeit operation

4. SOLUTION APPROACH FOR SEAMLESS SIMULATION -BASED ENGINEERING

The proposed solution aims soipportefficient and effective collaboration in engineering across
multiple stakeholders within a value creation network. The approach addresses key aspects such as:
1 openness and decentralization on both sidasprovidersandconsumers
1 modularityandreusabilitythroughencapsulation and interoperability
1 high data availability, continuity, and consistency.

Thepresente@dpproach for seamless simulatibased engineering comprises tpants.

The first part of the solution focuses on creating-todependent and modular simulation models
thatrepresentealisticmachinebehavior. This is achieved through encapsulated Functional-Mwck
Unit (FMU) Co-Simulations.A FMU encapsulatea proprietary simulation model angrovides a
standardized interface that allows for the integratainsimulationsinto various simulation
environmentg4]. Thereby the concept suppon®dularity and interoperabilitior heterogeneous
componentswhich areprovided by differentsuppliersand might also be createdby different
simulation toolqd5].

Thesecondpart of the solutioiocuses orestablishinga globally availabledatalayerandproviding
interoperableccesso relevant aspects asets under consideratidior this thestandardizedhodel

of theAsset Administration Shell (AAS$ usedimprovements iasset data accesethefoundation

for seamlesglataexchangebetweencomponentstheir respective documentation and simulation
modelsaccording to th@rinciple of Digital Twin [6].

4.1 Functional Mock-up Unit Co-Simulation

The Functional Moclup Interface (FMI) open standard maintained by the Modelica Assocaatisn
to simplify the usage andexchangeof simulation modelsand is supported bymore than 180
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simulations tool$7]. The Functional Mockup Unit (FMU)for Co-Simulationis animplementation
of the FMI ancenables the encapsulationsrhulation modeldncluding asuitable solver-MU Co-
Simulation provides widely appliedtechnologysuitableto enhance the versatile integration of
simulation models in the MBSE conteatso recommended lblye prostepivip SmartSEproject[8].
It provides thefollowing advantages the presentedolution approach
1 The FMI standard allows stakeholders to create simulation models using their preferred tools,
while enablingheexchange and integration of these modelssgstemsimulation.Provided
therequired licenses asvailable FMUs remairtool-independent regardirntbeirdeployment.
This enhances the portability and reusability of modaid effectively redues vendor
dependency.
1 FMuUs enabléheencapsulatinof components, ranging from standard simulatradels such
as hydraulic valves from standard component libraries, to individually developddls
incorporating intelligent functions or logic control behavior, such as a motion contidiler.
enables precisely reflecting the component behavior designed by the component supplier and
enables, as bladbox entities, to share their specialized knowledge securely.
1 FMU Co-Simulations can be integrated into various simulation environmentand
heterogenousystem simulationgith minimal configuratioreffort with respect tanodeland
solver parameterizationThis characteristic facilitates a phagdplay methodology,
simplifying the simulation process and baostits effectivenesand useifriendliness

Figure 3 showsrelevant aspectior the presented approaoh FMU simulation modelintegration
and interactionAn FMU for Co-Simulation consists of one zifile with thee xt ensi on f.
containingan XML-file with the definition of all variablesand parameterthat are exposed to the
simulationenvironmengas well as set of Gfunctionsanddynamic librarieprovided ineithersource
or binary form usedo initialize with definedparameterand run the simulatiof®]. The integration
initialization, and orchestrationduring system simulatiorare carried out by the simulatiotool.
During the integration of eachMU, a Simulation Componentis createdasa tooklspecific wrapper
classto bindthe FMU tothe simulation toolUpon instantiationeachSimulation Componentcan
uniquely be addressedby a tool-specificidentifier (ID). Furthermore parameterslescribed in the
modelDescription.xmtan be accessday the simulation toobnd if provided via a tootspecific
API.

Notably, to introduce a clear distinction, a simulation model filefugher defined as
Simulation Model, whereas in contrast @imulation Component defines the Simulation Model
instantiated in a runtime environmehRbr nore detailoonthe coupled Cé&gimulation in this context
seg[5].
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4.2 Asset Administration Shell

To support MBSE across heterogeneous assewrgiaeeringoolsinvolving multiple stakeholders
throughout the entirdife-cycle an open decentralizedand therefore integrative approachfor
exchangingf informationis required An Assetis any element thaepresents perceived or actual
value for an organizatiof]. In the context of this publicatiophysicalcomponentsre considered
assetse.g.a hydraulic cylinderandits related engineering documentiata and artfacts, such as
simulation modelsThe presentedrchitecture is based on thencept of theAsset Administration
Shell (AAS). The AAS hasa technologyneutral metanodel for implementing Digital Twins, as
specified by the Industrial Digital Twin Associatif®]. Onerelevantobjective ofthe AAS focuses
on enhancingnteroperability and availability of properties and services of any asset within value
creation networksAspects ofthe AAS relevantto the solution described in this publication are
depicted infigure 4 andbriefly describedelow. Thefull specificationcan beobtained fron|6, 10,
11].
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Figure4: AAS and AAS Repositoriefor leveragingavailability andinteroperability
of proprietaryassetharacteristics

An AAS is a virtual representation of aasset,while bothare globally uniquely identifiable and
referenced to each othekssetscan beof two kinds, Type and Instanc&he Asset Typds a
generalized classification that encapsidatemmon attributes and data structures of masget
Instances, such as general component documentatsimaliation model filesThe Assetinstance

on the other hand, refete a unique or individually existing element, such as a manufactured
componentor an instantiatedsimulation model Typically, the AAS of an Assetinstance
(AAS Instancg is derived fromthe AAS of anAsset Type(AAS Type) at aparticularpoint in the
productlife-cycleto reflecttheinformationrelevant to the individuahssetunder consideratiol o
illustratethis difference an AssetTypecould describe a componess found in &ataloguewhereas
anAssetinstance would be a concretemponenbf that typeto be shipped to a customfs, 12]



In an AAS, he characteristicof an Assetare modeled as SubmodelElements, encapsulating, for
example, parametersor files. SubmodelElements are thematically grouped into
SubmodelElementCollectionand Submodels Submodelscan subsequently be standardized as
templates to accommodate a set of relevant properties required for specif@sasegsuch as the
"Provision of Simulation Models"1[3]. Both Submodels and SubmodelElements can be annotated
with SemanticDs. These unique identifiers that refer to semantic descriptionsin semantic
dictionaries like eClass[14] or IEC CDD [15], describing thesemantics of theontent of the
annotatedlement This allows in theory, the provision ofthe As s eptopristarycharacteristics not
only syntacticallybut alsasemantically interoperable.

To further enhance the availability across the entire value chain, including the pifedoytle and

value networks, AASs amnade availablen AAS Repositorieshostedon web serversUsing the
specified HTTFRESTAPI [10], and assuming the necessary access rights are granted, AASs can be
accesseglobally via thelnternet by multipleAAS clients as part ofengineeringapplications This
concept realizes an open antegrative approacthatallows decentralizedreation,provisioning
guerying, and modification of AAS$o havefurther accesto the respectiveassels properties For

more details onimplementingthe AAS Data Layer through the AAS Sen@lrent Architecture,
readers are referred tb7).

5. AAS-BASED ARCHITECTURE FOR SEAMLESS INTEGRATION OF SIMULATION
MODELS IN MBSE

The seamless integration of simulation models into the engineering process and their close coupling
with realworld assetsccording to the Digital Twin approackquires the implementation of three
critical interfaces. These interfacaetiownin figure 5, are realized through tlemncept of theAAS
and described in the following
1. Interface for theselecting component types aralrievMng of componentiata ancengineering
files, such as simulation modgisovidedby the componensuppliers
2. Interface for bidirectional interaction with instantiated simulation models for a specific
system.
3. Interface for bidirectional interaction with engineeriagtifactsand datareated for a specific
system and with actual components during operation.
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Figure5: AAS-basedigital Twin synchronization interfacésr MBSE
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1) AAS Type for providing componentdata and simulation modelfiles

Component manufacturen®ld valuable data and engineering files for their components, which can
significantly supporOriginal Equipment Manufacturers (OEM) in their overall system engineering
processesTo facilitate interoperable data sharinipr the targetedengineering disciplinethe
componentmanufactureprovides its proprietary component dataginating fromits databasgevia

AAS Typesencapsulateth semantically annotatgaroperties The manufacturer is responsible for
the initiallinking of its proprietarydataand the properties within the AASt is reasonabléhatdue

to a significant quantity and diverse range of component configurations, A&t&ITypesare pre
generatedind storedInstead, they are generatedamtessvhen required and subsequently made
available viahedefinedAAS RESTAPI from the server.

In the context of this paper, two submodels are particularly relevahtdescribed briefly:

a) The SubmodelGenericFrame for Technical Data for Industrial EQuipment in Manufactytieg

(SM Technical Datagpecifies both the class of the component and its relevant technical parameters.
This information can be used feearcing componera based on defined specifications, automated
sizing processes, or fparametering simulation models

b) The Submodel Provision of Simulation Mode[47] (SM Simulation) provides essential
informationfor selectingthe providedSimulation Modelsappropriate to the engineering ussses
consideredTherefore, Hributesfor defining the considered engineering domain @uecgsimulation
purpose such assizing, virtual commissioningor condition monitoring are clearly defined.
Moreover, the Submodel specifiepropertiesfor integrating the simulation model fileinto a
simulation environment,such asthe file format, the operating system requirements, and
recommended solver setting®ithin the scope of thipublication encapsulated simulation models
are provided as toahdependenFMU Co-Simulationfor lumpedparametesystem simulatiofrefer

to chapterd). More detailsonthe implementation can be found it].

2) AAS Instancefor providing accesgo the Simulation Component

To realizeinteroperableaccessibilityand high availability to simulation modefiles instantiatedn
local simulation tool environmenisthe Simulation Componenisan AAS Instance is created for
eachof themto encapsulate relevaparametersThe AASInstances arthenmadeaccessiblén an
AAS Repositoryia AAS HTTP REST AP

Figure 6 depicts the proposethodeling conceptto provide relevantinformation for allowing
simulationtools to link the Simulation Componerdnd encapsulatéts parameterin the AAS. It
currently represents a na@tandardized extension of the existing SM Simulation specification.

A link between the AA3nstance and the Simulation Component is established by referring to its
unique ID in the ReferendankedSimulationComponerithe ID is generated and linked during the
instantiation of the Simulation Model. TiRarameterSECsprovide information to the Simulation
Component parameters, intended to access from external clients. The Property ID defines the specific
parameter identifier. In case of FMUs, the parameter identifiers are defined in the
modelDescription.xml. The Referem SemanticReference, refers to a semantic definition via
Semanticllto ensure an unambiguous definition of the parameter, aiding in identifying and matching
corresponding properties in other submodels. Finally, the PropMailye reflects the current
paraneter value of the Simulation Component.
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Both thelD and the correspondin§emanticReferencef the Simulation Modelparametersare
initially modeledin the SM Simulation of th&AS Type by theprovider of theSimulation Model
The simulation tool realizebéinstantiatiorof theSimulation Modebnd provides theorresponding
AAS Instancewith read andvrite accesso the Simulation Component parameteesthe AAS In

this way, proprietarySimulation Componeniparameters become globally and interoperable
accessible with defined semantics for numerous external enginekeinigapplications.

Although the realization described in this publication is implemented $peaificsimulation tool
using FMU simulation models, the concept is not limited to those and can similaalypbedto
others.

3) AAS Instancefor providing access to theomponentdata

This interfaceprovidesinteroperableaccess talata and parameters of real machine components and
systemsstarting from the initial commissioning during operation including reconfiguratios.
Analogous to the AASnterfaceof the Simulation Componera dedicated AA3nstances linked

to its respectiv&eomponentn orderto encapsulateomponent data and configuration parametérs.

no AAS Instancealready exists from the previous engineering phasg®t can be linked to the
component instancea new AASInstance ixreated from the AASype andmade available in an
AAS Repository.

As machins consist of many heterogeneous components, different interfaces aretaised
communicate with theomponents themselvesigure 7 illustratesthe couplingbetween the AAS
andcomponents in operatidrased onlifferent communication interfacebhecontroller of thedrive
system considered in this publicatiopes Etherndbtased OPC UA communicatigiwhich is widely
usedin the manufacturing industrpll relevantparameters of theontrollercan be accessed through
the OPCQUA interfaceof the deviceTo linkthe OPCUA devicevariables to thdAS, an OPC UA
AAS-gateway is employedlhe mapping between proprietary device parameatethe OPCUA
namespace and the properties in the AA®models is provided by the component manufacturer
Provided that OPTIA access rights are available for operatidre tontroller's OPCA and
AAS Instanceendpointsare the only specifications required fbee linkage configuration. Should
parameters require cyclic transfére desired timing must bgpecified
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Other bussystemse.g.,EtherCAT, EtherNet/IP, ProfiNgind IGLink can beconnectedsimilarly
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A _OPCdea a —NFC‘IIG
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Component

Component = \\ Component
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Figure7: AAS parameteinterfaces of theomponengin operation
left: continuous transfer via OPA U#nd gateway
right: intermitted transfer via NFC and mobédep

However, not everyparameterizablecomponent is permanently accessible viadaital
communication interface. Often, only a temporary wired connection to a PC is used for
parameterization, for example, durimpmmissioning.Therefore, wreless alternatives such as
Bluetooth and NFC are also being used more frequengliyable andacilitatedata transfer at certain
points

Thevalve considered in the usgases of this publicatioprovidesan NFC interfacelt can be used

via a mobile device to extract all user parameters and additional operating and diagnostic data. The
data obtained is accessible via an app on the mobile device asgnicbnonized tthe AASInstance

in the AAS Repository This temporary connection via mobile phone and NFC bypasses access to
machinecritical reattime communication.

In the presentedpplication only data for device identification (asset ID and article number), the
device parameters and condition monitoringormation for future analysis of the system are
exchanged. Generally, this approach enables not only the adjustment of control parameters, but also
the full configuration of the controller, encompassing the connected valves and sensors. Direct
manual emy on the machine is henceforth unnecessary.

Like the AAS Instanceof the Simulation Componenfroprietary and only locally available
parametersof the physical componerand its configurationbecomeglobally and interoperable
accessible with defined semantics for numerous external engineering applications.

6. PROOF-OF-CONCEPT AND USE-CASES VALIDATION

Thepresentedonceptsare implementedspartial solutionand combinedh a frameworkusingthe
Eclipse BaSyx Python SDKL8]. In the following, commorscenarios from different phases of the
engineering process are demonstrated using a-bgdraulic press. The framework's functionality
is briefly explained, and benefits are illustrated in different scenarios.

The servehydraulic press consists of a drheontrolled pump, four parallel positioning axes, a
drawing cushion axis, and a press cylinder. In addition, the press is controlled by a PAC 120/PACHC
motion controlle19, 20]. Fortheproofof-concept, only one positioning axis of thervehydraulic

pressis considere@ndset up in the simulation environment DSHpJa@4]. The systemsimulation

model is built as FMUCo-Simulation, in which relevant systencomponents are modeled as
individual FMUs andhen canectedat their hydraulicvolumenodesignalinterfaces
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6.1 Sizing and function validation

During sizing and function validatioheselectiorof the component@ndtheinitial parameterization
in thesystensimulationis usually done manually by the enginsearchinguitablecomponents and
their respectivparameters frordifferent data sources.g.,websites andata sheetd his process is
errorprone and requires a significant amount of time. support the selection of suitable
componentsthe framework allowsearchingamongAAS Types in AASRepositories offered by
component manufacturethat matchthe desiredrequirements.From the selected AASghe
framework supportsthe initial creation ofa Simulation Componenby instantiating a provided
Simulation Modehs well agransferring parameters to an existing Simulation Compombigleads
to afasterand erroffreeset up of asystensimulation modelthat closelymatcrestherealproperties
of the systemcomponentslf necessary, the es can carry out simulative investigations and repeat
the process with other component paramebdose detailson theimplementatiorareprovided in[5,
12]. In thisscenarigthe interfaces.land 2 described in chapter 5 are used.

Figure 8 showsthe generafeaturesof the frameworkfor the componentselection andmodel
parameterizationin the regarded usease, the agineeris looking fora valve thatenablesthe
hydraulic presgo meet therequrementsand full functionality The system simulatiostructure
(figure 8-1) is derived fromthe hydraulic schemdlowever in the beginningthecomponents in the
simulationdo notinclude a Simulation Model(figure 8-2a). From basic calculationsthe valve
dimensions arestimatedoy the engineeto be inarangebetweenl0 to 40 bar nominal pressure
differenceandwith a nominal flow ratebetweerb0 and 100/min. In order toobtaina selection of
suitable components, théramework offersthe possibility to queryan AAS Repository of the
component manufacturasingsearch criterigefinedby the userSearch dteriacanbeaddedn the
guery definition sectiorffigure 8-3) via the specification of theemanticlDof theregarded property
with respectivevalue constraits (min, max, equalf-or better usabilityseparaté dropdown lists
and checkboss are providedsuch ador defininga specific component typs for targetingAASSs
thatalsoprovidea Simulation ModelHowever,in both casegshequerycriteriaarederivedsimilarly
and added to the otheidotably, as described ishapter 5the component type specifiedin the
SM Technical Data of the AASs and defined e@ass IRDITheavailability of an FMU simulation
model can sinfarly be determined from the SM Simulation.

The AASRepository section (figur@-4) lists AASsthat comply with the combinedjuery criteria
(figure84a), and theengineercan select fronthesefor further modelinitializationv i a fAl ni t i
Simul ation Component 62,if theseledtedSAS provines dspecifitFMUh ap t e
valve Simulation Model, it is integrated andnstantiatedby the toolto become aSimulation
ComponentOtherwise,an AAS with a defaultvalve Simulation Modefrom the simulation tool
provider AAS Repositoryis consideredin the same way twbtain a Simulation Component

(figure 8-2b). During the integration proceghe respectiveAAS Instance iggeneratecdndcoupled

with the SimulationComponentia thar unique IDs(figure 8-4b). This AAS Instanceserves as the
representationf the Simulation Component in the synchronization ldgeprovidinginteroperable

access texternalapplicationsBased on theemantic annotation of tlsmulationparametersn the

AAS Instancethe Simulation Componenanfurtherbere-parameterizediaii Sy nc Par amet e
A A Sliy selecting otheAASs with or without SM Simulation This procss can arbitrarily be
repeated untithe desiredsystem behavior iarchived.In the presented example, tAAS with a
defaultvalve Simulation Modelasinitialized with default parameters @b I/min @ 35bars then
re-parameterizedvith the AAS of a valve wittb0l/min @ 35bars.Since the semanticlDf the
parametepropery includes value unit definition, automated unit conversion can also be included
duringthe parameter transfen both directions. Here, |/miand bamwereconverted tan3/s and Pa

as requiredy the Simulation Component in the simulation tool
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This approach allowsoth to integrate specific and encapsulated compospatific Simulation
Models, as well as for considering AASs in the simulation that only contain technical parameters
without any Simulation Model. This leaves great flexibility and lowers the entrance barrier of
componenmanufacturershat can onlyprovide very basic AASof their componentdn any case,
during the creation of thBimulation Component, the corresponding Al&Stance is generated and
linked, providing an interoperable interface fordiiectional parameter transfer.

Initialize Simulation Component

I « Sync Parameters from AAS «— |

— Sync Parameters fo AAS —

__ b B )

FMU-Plad ;*

4a)

= [[ihttps://FLUIDO 5 | — 50 Vmin @ 35 bar

IFihttps://FLUIDOI

4b)

AddAASﬁBmUﬂ.
T YT =

Figure8: Implemented rameworkduringselection angharameterization

6.2 Commissioning andoperation phases

In the virtual commissioning scenario, the commissioning steps are carried out virtually in the
simulation environment before the actual assembly of the physical machine. This enables potential
errors to be detected and eliminated at an early stsyaevell as improves and speeds up the
commissioning process of the real machihgpical stepsncludg for example determiningcontrol
parametersgstimating capacitive lines between components, amdlyzing the interaction of
subsystemsvith andwithout thecontrol hardwareThese testand optimizationgan beperformed

using simulationfor examplevia Softwarein-the-Loop and Hardwar@n-the-Loop. Therefore it is

crucial that the system simulation behavdesdy to the real systemfor which a solutionwas
presented inthe previous chapteWhen the machine is set up and put into operatioring
commissioningall the parameteithat were optimized in the simulatishould be transferred to the
components of the physical machinEhe interfaces .2zand 3 described in chapter 5 are used in the
following scenarios.

In the example shown ifigure 9, the useoptimized the parametens the Simulation Componest
of the controllerand the valveluring virtual commissionin¢figure 9-1). After the usehasselected
the Simulation Component and thergetedAAS Instance of theeal PAC120 controlleby pressing
AiSync Par ametheeparameters areArarSférimatomaticallyin threecombinedsteps
First, simulationparameterareupdatedn the SM Simulation of thédAS Instanceof therespective
Simulation ComponenfAAS Instance is not shown in the figurdhe parameter valuemethen
transferredusing theSemanticReferensef the Parameterto thesemantically equalentpropertes
found invariousSubmodels of thé&AS Instanceof the PAC120 controller (figure 9-2), which the
Parker AAS Repository provideBrom therethe parameters argpdated inthe PAC120 controller
via the OPC UAAAS-gateway(figure 9-3). If required, theoperator can novaccessand further
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optimize the parametev&a HMI. Similarly, the valvespecific settings anparameters are transferred
from the simulation tahe real componentyith the exceptiorthatinstead of OP@A, the mobile
phoneapplicationwith NFC interfacas used by th@perator

As commissioning is often iterative, parametdrat were changed during commissionsigpuld
similarly be transferredackfrom the real component into the simulation environm&otording to

the principle of Digital Twin, thenechanisnpresentedor transferring component parameters via
AAS interfacess bi-directional, allowing both the component and the simulation model values to be
updatedautomaticallywhen changes are matteeither However, when new parameter values are
updated to the physical c@onens, it must be ensured that the machine is in a safe $tateefore
exchange is initiated manually by tbperatoiin the HMI.

Figure9: Bi-directional parameter transfer the field device$or operatioml phases

In order toalways have a profound simulative decisiaaking basis, and efficiently propagate found
optimizations back to the machine, the presented mechanism {diretiional parameter
synchronizatiorbetweersimulation andield is not onlyimportantduring commissioning, bulso
crucial toother usecases among the entire operational phase.

In the caseof unexpectedrregularitiesor machinedegradatiorduring operationsolutions can be
found more effectively and efficientignabled bythe transparency adimulative investigatiosn For
example, wheifriction in the cylinder of theservepresschangesthe controller parameters need to
be reparameterized toompensatéor the changesSimilarly, this applies techeduled changes and
feasibility tests, forexample to answer whethethe servepress used in operation can perform a
modified pressing taskn all cases, the solution also improves the possibility of simuktased
remote support by another engineer or even the OEM, provided access rights are granted.
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