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Abstract 

When developing and revising products, a wide variety of engineers usually work 

together. Such heterogeneous development teams often work on the same product 

but with different models. Typically, each team works on its own partial version 

of a specific product. 

At the same time, finding the right components for each subsystem is another 

challenge. The technical data sheets are often only available as PDF files. This 

makes it difficult to access the data they contain by machine. Furthermore, there is 

no standardized designation of product properties across the various 

manufacturers. 

The joint research project “Fluid 4.0” is working on standardized semantics for 

fluid power technology. Among other things, existing standards such as 

“ECLASS” are utilized. This means that a certain basic stock of properties is 

already available. At the same time, the list of properties is analyzed initially, and 

missing features are detected. 

This publication will show how these extended semantics can be used to create 

administration shells for aggregated systems. To this end, selected aspects of the 

specific extension of the semantics are explained. During the project, it is planned 

to submit this extension as a proposal to the standardization committees in order to 

provide a coordinated, machine-readable database for development processes. 

An important point here is the linking of the individual components to form an 

aggregated system. For this purpose, a proposal for the creation of asset 

administration shells for aggregated systems is explained. The versioning and 

access control mechanisms of the administration shells make them ideal as a single 

source of truth for the collaborative development of complex, mechatronic 

systems. All of this is discussed using simplified examples. 
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1 Introduction 

In the product development process, the layout of the hydraulic 

powertrain is usually selected at the beginning. Choosing the 

layout is not a trivial part of this process, but it is usually much 

more straightforward than choosing the right components. 

During the development process, it starts with a few 

requirements at an abstract level of analysis, such as a specific 

hydraulic power. As the development process continues, 

decisions are made, such as setting the system pressure to a 

certain level. This then leads to more and more specific 

requirements for each component. This is where the tricky part 

begins: searching for components that fit the specified 

requirements. Among others, this is the widely varying 

quantity and quality of product data, which is generally 

difficult to compare across different manufacturers. 

If a semantic search, which is possible across manufacturers, 

existed for this purpose, this step would be significantly 

simplified. This could be made possible with asset 

administration shells and a correspondingly specified 

submodel (SM) for the components. 

In view of the wide range of specialist areas addressed, this 

paper attempts to discuss the various topics in such a way that 

they are not only comprehensible to the individual experts, but 



 

 

also to people from outside the field. To conclude, the 

hydraulic engineer must be able to engage in meaningful 

discussions with the computer scientist and vice versa. 

This paper presents the potential of the Asset Administration 

Shell to accelerate product development. Therefore, section 2 

references the related work. After that, section 3 introduces the 

Asset Administration Shell, followed by a description of 

relevant terminology and standards in section 4. Section 5 

integrates the AAS into the context of the product life cycle, 

after which the contribution is summarized in section 6, and 

potential benefits are highlighted. 

2 Related Work 

AAS has already been used in scientific work in the context of 

fluid power. In the publications [1–3], the AAS is studied in 

the context of the simulation-based development process. Use 

cases such as the requirements-based search for AAS in 

repositories and the parametrization of simulation models are 

initially considered. The dissertation [4] investigates the use 

case of commissioning and investigates the extent to which 

fluid power systems can be commissioned automatically.  

In the research projects [5], [6], aspects for the development of 

AAS and an OPC UA specification for pumps [7] were shown. 

These two research projects, as well as project [8], are being 

worked on at the same chair. The latter project dealt with the 

OPC UA specification for compressed air stations [9]. It can 

be assumed that significant preliminary work for the two OPC 

UA specifications [7], [9] was carried out as part of these 

projects. Unfortunately, the authors only have insufficient 

sources for the content created within the aforementioned 

projects. 

The papers [10–12] deal with the comparison of different 

semantics, the mapping of a source semantics into a target 

semantics, as well as simplified interoperability. In [13], a 

search algorithm for mapping proprietary features to ECLASS 

properties is described. 

In addition to its application in fluid power, the AAS is already 

being used in various branches of industry. In electrical 

engineering, for example, the AAS was used in a control 

cabinet demonstrator to enable the automatic calculation of the 

product carbon footprint (PCF), whereby components from 

various manufacturers were included [14]. In addition, the 

AAS is also used in research activities in other areas, e.g., in 

the manufacture of electric motors [15] and water supply [16]. 

3 Asset Administration Shell 

The Asset Administration Shell (AAS) is a virtual 

representation of an asset in the context of Industry 4.0 (I4.0), 

see Figure 1. In general, assets are physical, digital, or 

intangible objects that represent values for one or more 

stakeholders. An example of an asset in fluid power is a pump 

or a valve that is represented virtually with an AAS. In the 

context of the AAS, assets are described by SMs and submodel 

elements (SME) which represent properties. A SM is a set of 

 

Figure 1: Exemplary AAS according to [20] 

properties, collections, methods, etc. for a specific use case. 

SMs can then be standardized as templates to consider a range 

of relevant properties required for specific use cases. The SM 

template “IDTA 02006-3-0: Digital Nameplate for Industrial 

Equipment” [17] for an AAS represents a digital data sheet of 

the asset, while the SM template “IDTA 02005-1-0: 

“Provision of Simulation Models“ [18] can be used to 

exchange simulation-based properties and models of the asset. 

Another example for a SM template is “IDTA 02011-1-0: 

Hierarchical Structures enabling Bills of Material,” [19] which 

can be used to describe hierarchical structures of fluid power 

systems. Both SM and SMEs can be annotated with 

semanticIds, which will be discussed further in 

section 4.2. [20] Assets and thus also the corresponding AAS 

are distinguished in type and instance [21]. A type asset 

describes a product or component's general, abstract definition 

and is usually created during the development phase. An 

instance asset is a concrete, physical realization of a type asset. 

In production, instance assets are created based on the 

specifications of the type asset and linked to product-specific 

data (e.g., production, logistics, and test data). As a rule, there 

is a relationship between instance assets and a type asset. 

However, every instance asset does not need a corresponding 

type asset. [22] 

In the context of fluid power, the type refers to a pump variant 

from the manufacturer's range, while an instance is a specific, 

individually available pump that has been installed in a 

specific application, for example. This work focuses on type 

AAS, which is decisive for the development process. 

An AAS can represent rudimentary components, such as a 

“simple” non-return valve, the drive of a partial function of a 

production machine, but also the hydraulic ram of a deep-

drawing press, a complex machine, as well as a hydraulic 

excavator, or even an entire production plant, such as a rolling 

mill with a connected press line for the production of 

semifinished products for the automotive industry. 



 

 

4 Relevant Terminologies and Standards 

According to the authors of [23], the AAS could have a huge 

impact on businesses and business models in general. The 

AAS can act as the interface between “our physical” world and 

the “digital” world. So, if a semantic is created for a specific 

SM, this is the vocabulary which has to be used in every 

domain. Therefore, naming the individual elements should 

follow a meaningful convention, from the point of view of 

every domain involved. Therefore, in the following existing 

standards, dictionaries, and semantics are reviewed. In the 

context of semantic descriptions, terms such as data, 

information, and knowledge are often used misleadingly [24]. 

To create a uniform understanding, this paper uses the 

definitions made by North in [25], which is explained in the 

following paragraph. 

Data is formed from characters using syntax rules. It consists 

of arbitrary and uninterpreted character strings, such as any 

sequence of numbers and becomes information via semantics. 

Information is, therefore, data that has a context of meaning. It 

is created by linking information with current information or 

information stored in the past. Knowledge is characterized by 

the fact that it is shaped by individual experience, context-

specific and personal. This hierarchy of terms is illustrated in 

Figure 2. [25] 

 

Figure 2: Conceptual hierarchy of data, information and 

knowledge according to [25], [26] 

4.1 ISO 1219 

The ISO 1219 standard [27] or the corresponding national 

implementations of the standard, like DIN ISO 1219 [28], 

represents the graphic symbols of all fluid technology 

components. Every hydraulic engineer and every service 

technician understands these symbols and can use them to 

identify the function of a component and a system. At the same 

time, the standard provides a structural classification of all 

standard components. Therefore, the contents of this standard 

should have a strong influence when defining the semantics, 

product groups of hydraulics and the description for the 

topology of systems. 

Figure 3 shows the relevant component classifications as 

defined in ISO 1219-1[27]. It is striking that the standard 

explicitly divides directional, pressure, and flow control valves 

into “normal” and proportional valves. The vertical lines in the 

illustration indicate the related product groups. 

 

Figure 3: Component classification from the table of contents 

of ISO 1219-1 [27] 

From the authors' point of view, this duplication between 

"normal" and proportional raises whether proportionality is not 

more than a property of the valves and, therefore, does not 

require a separate subdivision. 

Another point that stands out is the category "Cartridge 

valves," which is the only place in the standard where the 

design of a valve is explicitly mentioned. These valves can also 

be described purely in terms of their function. All valves in this 

group can be classified according to their function, either as 

2/2-way valves or as pressure-reducing or limiting valves. 

ISO 1219-2 [29] explains the rules to be followed when 

presenting a hydraulic diagram. This is explicitly required in 

section 5.2 of this standard, which is necessary in order to be 

able to clearly identify the specific connections on a valve. 

Figure 4 shows this for a simple system. 

 

Figure 4: Example of the hydraulic scheme for a small 

aggregated hydraulic system 

The last part of the standard, ISO 1219-3 [30], explains so-

called symbol modules. These modules generally describe 

complex products that are offered by manufacturers of 

hydraulic components as ready-to-sell products. This often 

applies to the valve sections of mobile hydraulic systems. 

Figure 5 shows the module symbol for a LUDV valve disk 

from Bosch Rexroth [31]. 
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Figure 5: Module Symbol for the valve section of the 

LUDV system by Bosch Rexroth, based on [31] 

This and similar valve systems are frequently used in 

construction machinery. Figure 5 shows that the LUDV valve 

itself is already a subsystem consisting of several components. 

The main valve, which controls the direction and speed of the 

connected actuator, is shown in gray. The pressure 

compensator is shown in blue. This valve system consists of at 

least these two components. The valves shown in orange are 

optional additional functions for secondary pressure limitation 

and post-suction, which often can be found in mobile 

machines. 

For module symbols, only the connections need to be marked 

on the outside, but a frame must be used to delimit the module. 

This example also makes it clear that semantics must be 

flexible enough to describe valves that are not directly 

represented in the standard, such as the gray marked 7/3 

directional valve. 

4.2 Semantic Dictionaries 

A unique semantic understanding of data is a prerequisite for 

implementing I4.0 use cases. According to Wang [32], this is 

referred to as “semantic interoperability” and is made possible 

using a unique semantic reference model.  

However, data is often available in proprietary formats, e.g., 

based on manufacturer-specific data descriptions. An example 

illustrates this problem: One manufacturer's data sheet uses 

pressure-related properties like “Max continuous pressure”, 

“Peak pressure”, “Minimum Inlet Pressure”, 

“Maximum Inlet Pressure” [33] to describe a hydraulic pump, 

while another manufacturer's data sheet describes the 

hydraulic pump with pressure-related properties like 

“Nominal pressure,” “Minimal pressure,” and 

“Maximum pressure” [34]. This example alone demonstrates 

the potential added value of the algorithm presented in [13]. 

In addition to the challenge of the overarching comparability 

of components from different manufacturers, imposed by the 

need-to-know which property is related to the other, these 

different descriptions stand in the way of semantic 

interoperability. To counteract this challenge, there are 

semantic dictionaries such as ECLASS [35] or 

IEC 61360 CDD [36]. Semantic interoperability is given, 

under the assumption that corresponding stakeholders are 

committed to a semantic dictionary. In general, different 

semantic dictionaries are not interoperable with each 

other [11]. ECLASS itself is a non-profit association, and the 

steering committee is largely made up of companies from the 

pharmaceutical industry, automation technology and fluid 

power [37]. 

ECLASS provides defined properties for various domains, 

including fluid power. Within a domain, ECLASS is 

hierarchically structured. For example, an axial piston pump 

with variable displacement and bent design (product variant) 

belongs to the product type of axial piston pump. This product 

type, in turn, falls under the broader product family of pumps 

within the fluid power domain, which is shown in Figure 6. 

ECLASS properties or classifications are assigned an IRDI 

(International Registration Data Identifier), enabling unique 

identification. For instance, the shown product variant is 

uniquely identified by the IRDI 0173-1#01-AGW107#006.  

 

Figure 6: Exemplary Product Classification in ECLASS [35] 

Furthermore, properties are assigned to the product variant. 

For example, the property “nominal pressure” with the IRDI 

0173-1#02-ABL782#001 is assigned to the product variant. In 

the context of I4.0, the IRDI can be used as a semanticId [20]. 

In addition to the example above, ECLASS has numerous 

other product families, such as motors and valves with 

respective product types and product variants from fluid 

power. 

ECLASS version 15 already has numerous general properties 

for fluid power. Missing properties are continuously being 

added, for example, the property displacement was not yet 

defined as a central feature for describing pumps in the 

previous version. In addition, duplications can still be found in 

ECLASS, such as the property “set pressure”, which appears 

under both IRDIs 0173-1#02-ABC506#003 and 

0173-1#02-AAZ819#003, even though they represent the 

same concept. Discrepancies are to be expected if 

manufacturers refer to different semantics for this property. 
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Besides ECLASS, there is also IEC 61360 CDD [36], which 

serves as a semantic dictionary with a strong focus on 

electrical engineering. The properties defined in IEC are also 

assigned unique identifiers, such as the “actuating force” with 

the identifier AAE932-005. This characteristic can be 

expanded into a complete IRDI by specifying the standard 

source: 0112/2///61360_4#AAE932-005 [38]. In contrast to 

ECLASS, however, IEC does not provide specific semantic 

definitions for fluid power components. 

4.3 Semantic Modelling 

The publication [39] provides an overview of several different 

languages for semantic modeling. The authors of [39] also 

refer to ISO 15926 in their publication. The ISO 15926 

standard describes the semantic modeling of data and 

integration during the product life cycle in detail. Part 2 of this 

standard [40] covers data modeling, which is particularly 

relevant for the development of semantic models, from the 

point of view of the authors of this paper. In [41], it is shown, 

among other things, how an AAS must be structured to comply 

with the rules of ISO 15926. 

The Eclipse Semantic Modeling Framework (ESMF) [42] 

offers a suitable option for creating semantic models for 

administration shells. The Eclipse Foundation itself has been 

active since 2001 and has set itself the goal of providing 

open-source software for many areas of technical 

development. The members of the foundation cover many 

different industries, with many well-known, large I4.0 

companies. [43]. 

The ESMF's basis is the Semantic Aspect Meta Model 

(SAMM), which forms the basis for the semantic description 

of SMs in so-called aspect models. These models express 

domain-specific semantics by linking structural elements, 

relations, namespaces, and verified concepts. 

Figure 7 shows an example of modeling technical data 

according to the suggested structures of the SAAM [44]. In 

addition to integrating the ECLASS IRDI, the property's 

minimum and maximum value range and the properties' 

underlying unit are also considered. This comprehensive 

structure enables companies to prepare their proprietary data 

uniquely and semantically consistently. This significantly 

improves interoperability between different systems and data 

utilization in different contexts. 

4.4 schema.org 

The schema.org initiative provides a vocabulary for 

structuring data. The main drivers of this initiative are large 

digital companies such as Google, Microsoft, and Yahoo, to 

name just a few. The vocabulary can be used to represent 

entities of a wide variety of objects and link them together. 

According to schema.org, its vocabulary is already used by 

more than 45 million websites. [45] 

The vocabulary of schema.org offers to categorize products 

hierarchically using the types “ProductGroup”, “Product” and 

“ProductModel”. Figure 8 shows a possible structure for 

 

Figure 7: UML-like Object Diagram for a Semantic 

Modeling using the terms of the SAAM [44] 

 

Figure 8: UML-like Class Diagram for structuring an 

axial piston pump in bent axis design 

classifying an axial piston pump with inclined axis, which also 

corresponds to the example in Figure 6. 

The hydraulic components correspond to the entire content of 

ISO 1219-1 [27]; the pumps and motors group is equivalent to 

section 6.2 of the standard. The symbol for a variable 

displacement pump can be found in subsection 6.2.1 of the 

standard. At this point, the standard does not differentiate 

between the possible designs of a pump, as this has no 

influence on the defined function of the component. In the 

schema.org description, a product model can also be derived 

from a product and thus represents the fact that every axial 

piston pump in bent axis design is a pump, but not every pump 

is an axial piston pump in bent axis design. 

Compared with the classification according to ECLASS in 

Figure 6, some small differences are recognizable. For 

example, ECLASS already differentiates between pumps and 

motors at a high level and then displays the pump type in a 

:Characteristic

dataType = double

PressureInBar:Unit

symbol= “bar”

numericConversionFactor = 1e-5

Pressure:Unit

symbol = “Pa”

Max_Operating_Pressure:Property

preferedName = “max. operation pressure”

defintion = “greatest pressure that occurs in a system in operation

or shall occur, indicated in the derived SI unit of pressure”

irdi = “0173-1#02-AAJ845#007”

exampleValue = 300.0

Technical_Data:Aspect

preferredName=“Technical Data”

description=“Submodel for specification of the technical data of […] on 

the submodel template Technical Data”

:RangeConstraint

minValue = 0.0

maxValue = 350.0

upperBoundDefintion = “LESS_THAN”

lowerBoundDefintion = “GREATER_THAN”

displayUnit

referenceUnit

ProductGroup_Hydraulic_Component

ProductModel_AxialPistonPumpBendAxis

ProductGroup_Hydraulic_Pumps_&_Motors

Product_HydraulicPump



 

 

detailed manner over several steps. Likewise, adjustability is 

not used as a property of the pump as discussed in section 4.1, 

but as a distinction between several types. 

When creating schema.org-compliant semantics, the question 

also arises, whether it makes sense to explicitly differentiate 

between pumps and motors, as the majority of all pumps can 

also be used as motors and vice versa. Whereby a “real” 

component is usually optimized for its primary purpose, which 

also must be readable in data of the component. This allows 

the number of product groups to be reduced, as long as the 

various products have comparable interfaces. From the 

authors' point of view, it makes sense to combine all valves in 

a “ProductGroup_Valves” and to provide this product group 

with subgroups for each configuration of the number of 

connections. This means that such a structure must be suitable 

for all components and flexible and expandable for 

components that do not fit into the standard or are not yet 

included. An example of this is the so-called “hydraulic 

transformer” from INNAS BV, which is described in [46]. 

As a final note in this section, it should be mentioned that the 

schema.org vocabulary, with “IndividualProduct”, contains an 

equivalent for the instance of an AAS. 

4.5 Structured Information in Communication protocols 

Another important aspect of I4.0 is the connectivity of 

systems. In [47], the possibilities for communication between 

a physical asset and its AAS, among other things, are 

summarized. The EDC (Eclipse Dataspace Connector) project 

[48] attempts to create a simple way of combining the various 

possible communication channels into an AAS with this 

software project. The authors will therefore discuss what they 

consider to be the most relevant communication standards, 

which are OPC UA and MQTT. 

The origins of the OPC UA communication protocol date back 

to the 1990s. The main drivers at the time came primarily from 

automation technology. Even back then, there was a strong 

focus on interoperability. The first version of the OPC UA 

standard was released in 2006. [49] 

The OPC Foundation has now published over 150 

specifications. Within these specifications, basic properties are 

defined that build on and reference each other. In the “Data 

access” specification [50], for example, a proposal is made on 

how physical units should be represented. The advantage of 

this is the unambiguous assignment of a specific value based 

on the SI base units. This is a clear advantage over purely 

semantic definitions, which only describe the physical unit of 

a value within a text. One other core specification is “Devices” 

[51], it already contains a definition for “VendorNameplate”, 

which is similar to the IDTA SM Template "Digital Nameplate 

for industrial equipment" [17]. The recently published 

specification for “Powertrain” [52] contains more component 

definitions for the elements of electro-mechanical drives. 

Here, explicit attention is paid to object orientation for 

structuring; each derived class in turn contains objects which, 

if the link is followed, ultimately lead to formally described 

properties. Whenever possible, these properties should be 

linked with a semanticId, for example ECLASS. 

Another important specification in this context is “Pumps and 

Vacuum Pumps” [7]. This specification defines many 

important properties and statuses of a pump. The specification 

explicitly references the respective physical unit of values. 

However, no distinctions are made regarding the design, but 

the different hydraulic connections are modeled. Based on this 

document, a proposal for the design of hydraulic systems has 

already been created in [53] using the example of a mobile 

excavator. The concrete modeling of the hydraulic connections 

and their linking is also used there. Another advantage of 

OPC UA is its capability to provide an automation interface. 

This was realized during the joint research project 

“Bauen4.0” [54]. As an extension of this system, a 3D safety 

system for a mobile excavator was implemented, which is 

described in [55]. 

The MQTT protocol was originally developed to reliably send 

messages in networks with low bandwidth and high latency. 

The “Technical Committee” of MQTT is mainly made up of 

software companies. [56] 

The possibility of dividing the individual messages into 

different “topics” allows the messages to be structured and 

filtered for the corresponding recipients [57]. Although the 

protocol offers a good possibility for structuring, it has no 

explicit rules for structuring, for example which names are 

assigned and how. There is no recommendation from the 

“Technical Committee” as to how “topics” should be further 

subdivided. Even if this offers an exciting opportunity for 

distributed communication in an I4.0 network, few specific 

points can be derived for structuring. However, the division of 

messages into “topics” represents an interesting possibility for 

setting up field communication. This could be interesting 

when setting up field device communication with structure 

based on the semantic description. 

From the authors' point of view, however, OPC UA is much 

better suited for this, as this protocol can already map a clear, 

unambiguous, semantically describable structure through the 

specifications. 

4.6 Modeling and Model-Integration 

In the context of this topic, two standards should be mentioned. 

The first one is the FMI/FMU standard, which allows 

integrating of nested simulation models in different tool. The 

other one is the Modelica language, which is suited for every 

domain, as long as the model can be described with ordinary 

differential equations. Both allowing to combine different 

model domains in one simulation environment. FMI/FMU is a 

way of exchanging simulation models between different tools. 

The respective simulation part model is packaged as a 

container, so to speak. [58] 

These containers are described via their interfaces. It is 

important that the type of modeling is taken into account: what 

are model inputs, what are model outputs. The containers 

conceal the internal structure. There are now 235 different 

programs that support at least one version of the FMI standard, 

69 of which support the current version 3.0 [59]. The 

consortium behind FMI consists largely of simulation software 



 

 

manufacturers and large companies that use simulation in the 

automotive, automation and aviation sectors [60]. 

In summary, the FMI standard enables the simple cross-

domain use of simulation models. However, the internal 

structure of the respective model is hidden, which is often in 

the interest of the providing companies. This means that the 

interfaces must be precisely described in order to be able to 

work with these models. 

The object-oriented modeling language Modelica makes it 

possible to model complex technical systems using equations, 

regardless of the physical domain. In contrast to other 

simulation tools, which are typically geared towards a specific 

problem domain, e.g., for multi-body systems, electrical 

circuits or fluid dynamics. The Modelica language itself is 

maintained and further developed by the Modelica 

Association. In addition to simulation software manufacturers 

that distribute Modelica-compliant programs, the association 

also brings together several companies from the fields of 

automation technology and automotive engineering. The 

association is also involved in the development of the 

FMI/FMU standard. [61] 

Two another relevant features of the Modelica language are 

that it explicitly supports the use of physical units based on SI-

units and conversion to other units. Models of a system are 

based on components, which are linked via connectors. For 

hydraulic components those connectors could match exactly to 

the fluid ports and the electric pins. Modelica itself is also 

mentioned in [18] as an option for providing a simulation 

model from an AAS. 

In principle, the Modelica standard libraries already provide 

many basic building blocks for creating complex simulation 

models. However, the standard library contains just few basic 

elements that can be used to build hydraulic systems directly. 

For more hydraulic component-oriented models, these must 

either be implemented by the user or by using third-party 

solutions such as the freely available “OpenHydraulics” 

package [62]. The package itself uses object-oriented, 

abstracted approaches for the efficient implementation of 

different but similar components. For example, there is a 

common base class for different 4/3 directional valves, which 

contains all the connections for such valves. The valves 

derived from this then differ, for example, in the linking of the 

connections in the center position. For “more complex” 

elements, such as a valve section for an LS system, this 

element is aggregated from existing models of individual 

components. The collection of examples in this library already 

includes some simulation models for hydraulic systems, which 

are also made up of individual components. 

4.7 Conclusion to the reviewed Terminologies and 

Standards 

Compared to Figure 2, each of the topics studied brings aspects 

of syntax, semantics or links to the hydraulic components and 

systems. With SAMM (section 4.3), it is possible to introduce 

syntax and semantics for parameters of components to fully 

describe those with standardized physical units. Ideally, such 

semantics are standardized with a semantic dictionary, such as 

ECLASS (section 4.2). For structuring and comparing 

components, it would be a good option to structure products in 

a hierarchical relationship to each other in order to make them 

easier to compare. Such a product structure can be realized 

with schema.org (section 4.4) and should be based on the 

product groups of ISO 1219-1 [27] (section 4.1) for 

hydraulics. Many of these functionalities are implemented in 

Modelica (section 4.6). At the same time, Modelica also 

allows components to be linked in sub-models like “module 

symbols” in accordance with ISO 1219-3 [30] or a complete 

hydraulic system to be assembled from individual components 

in accordance with ISO 1219-2 [29] (both section 4.1). In 

principle, compatibility and transferability to other standards, 

such as the Companion Specifications of OPC UA, should be 

sought wherever possible (section 4.5). 

5 Integrating AAS into the Product Data 

Backbone and Product Life Cycle 

The use cases described here address the product lifecycle 

phases of product planning and development. This is usually 

also the area in which PDM (product data management) is 

traditionally used [63]. This means that integration into the 

development processes also requires a link to the PDM system, 

and ideally also to the company's CAD program. Each 

reference in the AAS of the aggregated system should 

therefore correspond to a (purchased) part or an assembly in 

the PDM and CAD system. This has a deep impact on the 

product data backbone of a company. Thanks to the possibility 

of versioning and revising an AAS, this can also be used as a 

data basis for system engineering, which can thus be integrated 

into the typical working method of a PDM system. Figure 9 

 

Figure 9: Use of AAS for a specific product during the 

product life cycle, the maturity of the product and the phases 

of value creation based on [21], [63–66] 
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shows the possible contexts of AAS along the product life 

cycle. For the product life cycle, a comparison was made using 

the documents [21], [63–66], as each of these documents has a 

slightly different focus. 

Next to the administration shells is the maturity of the product 

and the value creation that takes place. It shows that the AAS 

type is relevant to large parts of engineering and can also be 

used for production planning. A type AAS of an aggregated 

system could be used to create virtual prototypes based on their 

linkage. At the same time, the type AAS should continue to 

mature with physical prototypes to serve as a blueprint for 

instance AAS, which are automatically derived from the type 

AAS during manufacturing. Ideally, the data from the 

manufacturer's ERP (Enterprise Resource Planning) system is 

linked during derivation. Figure 10 shows a proposal of which 

types of AAS should be used within a company's data and 

software architecture. 

 

Figure 10: Use of AAS types in the various program systems 

in an exemplary PLM architecture based on [63] 

As shown in the figure, all authoring systems that can map 

individual components should have a reference to the type 

shells of the corresponding components. Whether it is the 

system simulation with lumped parameters, which either loads 

concrete models of the components from the SM “Provision of 

Simulation Model” [18] or loads them from the SM “Technical 

Data for Fluid Components”, or the “classic” 3D CAD 

program which loads the 3D model via the SM “Provision of 

3D Models” [67] and automatically creates or updates the SM 

“Hierarchical Structures enabling Bills of Material” [19] when 

assemblies are created. This list could be extended further, but 

essential is that consistent identification of the same 

component must be ensured in all authoring systems. This 

could be done with the type AAS of the product as the “single 

source of truth” during the development process. 

As already indicated, an instance AAS, that could be derived 

from the type AAS, should also be composed by the PLM 

system with all available data. This is also shown in Figure 10. 

In this case, the instance shell is created as a “copy” of the type 

shell. However, this copy receives some additional data, such 

as its own serial number. It is also possible to link contained 

parts and assemblies with their specific instance shell, which 

could be the hydraulic pumps, valves or even the combustion 

engine of a mobile machine. With this it all relations form parts 

and subassemblies could be described. 

6 Conclusions and potential Benefits 

In this paper, a wide variety of documents and templates for 

the development of semantics for specific products, the 

classification of products and the topology of systems were 

reviewed. Most of these documents are largely driven by the 

automation technology sectors and large digital companies. 

These documents can also be transferred to fluid power 

systems. In the opinion of the authors, the following statements 

should apply to the terminology of AAS for fluid power 

components and systems: 

A hierarchical classification of the individual components, as 

already intended in ISO 1219-1 and the product classification 

according to ECLASS. However, the design solution does not 

play a role in the classification, as is envisioned e.g., in the 

OPC UA specification for “Pumps and Vacuum Pumps”. The 

hierarchy is compatible with the conventions of schema.org. 

The principles of object orientation are used for inheritance 

from an abstract to a concrete description. 

The characteristics of each component are uniquely described 

via an identifier that refers to an SI-compliant physical unit. 

As in Modelica, for example, this unit is specified to be 

converted into any unit describing the same physical quantity. 

The unit's assignment is not purely based on a text entry in the 

description of the identifier; this can lead to errors if a physical 

unit is written in different ways.  

A component's connections (hydraulic ports, electrical pins, 

etc.) are part of the elements. By linking the connections, a 

more complex element can be composed of several 
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sub-elements, so aggregated systems can also be represented. 

This should also fulfill the requirements of ISO 1219-2 and 

ISO 1219-3. 

From the authors' point of view, this would result in the 

following benefits. 

With this semantic definition, components from different 

manufacturers can be directly compared based on their 

characteristic values. This enables a cross-manufacturer 

semantic search. 

These aggregated systems also provide knowledge about the 

system's internal structure, which can also be used to utilize 

this structure for further applications. This can be used to 

derive technical documents such as the hydraulic circuit 

diagram or the BOM, or to create and parameterize simulation 

models as part of the development process, or to load the 

relevant parameters into the machine program code. The 

permissibility of the connection can also be checked by linking 

the connections. Errors can thus be detected much earlier in 

the development process. For instance, this can be the 

comparison of the burst pressure of a component with the set 

value of the pressure relief valve or the comparison of the 

signal type of the sensor and the input of an electrical 

controller. 

When a product is manufactured, automatic parameterization 

for the machine can be carried out based on the instance AAS 

of the subcomponents by linking them to the individual 

instance AAS of the subcomponents. Thus, time-consuming 

calibration during the commissioning of a series product can 

be significantly reduced. 

These aggregated systems also provide knowledge about the 

internal structure of the system, which makes the utilization of 

this structure for further applications possible. This can be 

employed for example, to derive technical documents such as 

the hydraulic circuit diagram, or the parts list, or to create and 

parameterize simulation models as part of the development 

process, or to load the relevant parameters into the machine 

program code. 

7 Outlook 

As part of the Fluid4.0 research project, the authors will 

attempt to implement the conclusions reached in this work and 

develop a proposal for a partial model for the technical data of 

hydraulic components and systems. During the project, this 

proposal will be suggested to IDTA as the basis for an official 

partial model. 

In addition, the advantages also explained in the context of this 

work are to be demonstrated using an exemplary software 

implementation. Figure 11 shows a mock-up of the user 

interface of this application. Although there are already 

commercial solutions (e.g. Eplan [68]) for creating system 

structures, the planned solution primarily offers advantages 

in analyzing basic systems and component dependencies in 

the product development process independent of commercial 

 

Figure 11: Mock-Up for the prototypical application, which 

is planned during the Fluid4.0 joint research project 

solutions. At the same time, the tool will especially provide 

smaller and medium-sized companies with an opportunity for 

creating system descriptions based on the AAS, independent 

of license costs. 

Another critical point is the standardization of the vocabularies 

and definitions and the definition of uniform translations. 

From the authors' point of view, this is currently one of the 

main challenges for the far-reaching implementation of I4.0. 
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