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1. Introduction
Today’s system development is faced
increasing
the product life cycle. 
demands of 
that technical systems are c
functionality must be 
difficult 
the components or parts of the technical system require a high knowledge of certain specialist 
which can 
already being 
companies whose know
from different suppliers.
Aspects of system integration get more and more importance to ensure
technical integration has been ranked among the top four challenges in syst
Lynch 1998]
perspective not only o
variety of approaches from the product development can be used, but generally these support only 
partial aspects of a 
the end of
Therefore t

 How should the data and information flows in the product development process be organized 
in order to get a 

 How can existing methods and tools from product development be used to support the system 
integration.

These thoughts led to the hypothesis that nowadays in case of the strong division of wo
and information flow will be continued and concretized in a number of parallel streams with view to 
concurrent engineering. The challenge will be the coordination and integration of these streams of data 
and information flow
the system integration by determining interface descriptions based on the system requirements and 
which can be adapted and completed during the development process in the context of product 
concretion
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Introduction 
Today’s system development is faced
increasing functionality
the product life cycle. 
demands of very different stakeholders.
that technical systems are c
functionality must be 

 to be fully describe
the components or parts of the technical system require a high knowledge of certain specialist 
which can nowadays 
already being outsourced
companies whose know
from different suppliers.
Aspects of system integration get more and more importance to ensure
technical integration has been ranked among the top four challenges in syst

1998]. Based on this fact, methods 
perspective not only o
variety of approaches from the product development can be used, but generally these support only 
partial aspects of a solution
the end of the development process and, in addition, not being adequately supported
Therefore the research questions are:

How should the data and information flows in the product development process be organized 
in order to get a 
How can existing methods and tools from product development be used to support the system 
integration. 

These thoughts led to the hypothesis that nowadays in case of the strong division of wo
and information flow will be continued and concretized in a number of parallel streams with view to 
concurrent engineering. The challenge will be the coordination and integration of these streams of data 
and information flow

system integration by determining interface descriptions based on the system requirements and 
which can be adapted and completed during the development process in the context of product 
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the components or parts of the technical system require a high knowledge of certain specialist 

nowadays only be limited 
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companies whose know-how is no longer in the detailed solution but in the integration of components 
from different suppliers. 
Aspects of system integration get more and more importance to ensure
technical integration has been ranked among the top four challenges in syst

Based on this fact, methods 
perspective not only on the technical system but also on the associated project management. For this, a 
variety of approaches from the product development can be used, but generally these support only 

solution-finding process
he development process and, in addition, not being adequately supported
he research questions are:

How should the data and information flows in the product development process be organized 
in order to get a higher significance of system integration in development process?
How can existing methods and tools from product development be used to support the system 

 
These thoughts led to the hypothesis that nowadays in case of the strong division of wo
and information flow will be continued and concretized in a number of parallel streams with view to 
concurrent engineering. The challenge will be the coordination and integration of these streams of data 
and information flow. Therefore, 

system integration by determining interface descriptions based on the system requirements and 
which can be adapted and completed during the development process in the context of product 
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Based on this fact, methods of systems engineering are available that postulate a holistic 
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is division of labor also shift

how is no longer in the detailed solution but in the integration of components 

Aspects of system integration get more and more importance to ensure
technical integration has been ranked among the top four challenges in syst

of systems engineering are available that postulate a holistic 
n the technical system but also on the associated project management. For this, a 

variety of approaches from the product development can be used, but generally these support only 
 The system integration 

he development process and, in addition, not being adequately supported

How should the data and information flows in the product development process be organized 
higher significance of system integration in development process?

How can existing methods and tools from product development be used to support the system 

These thoughts led to the hypothesis that nowadays in case of the strong division of wo
and information flow will be continued and concretized in a number of parallel streams with view to 
concurrent engineering. The challenge will be the coordination and integration of these streams of data 

is contribution an 
system integration by determining interface descriptions based on the system requirements and 

which can be adapted and completed during the development process in the context of product 

4 

METHOD FOR THE 
F THE DESIGN 

system integration

with an increasing complexity. 
technical systems but also from a

r of complex technical systems must often meet 
One of the major challenges

 openness to the 
in the context of an unstructured environment
. Complexity ultimately

the components or parts of the technical system require a high knowledge of certain specialist 
companies. As a result, component development is 

is division of labor also shift
how is no longer in the detailed solution but in the integration of components 

Aspects of system integration get more and more importance to ensure
technical integration has been ranked among the top four challenges in syst

of systems engineering are available that postulate a holistic 
n the technical system but also on the associated project management. For this, a 

variety of approaches from the product development can be used, but generally these support only 
The system integration 

he development process and, in addition, not being adequately supported

How should the data and information flows in the product development process be organized 
higher significance of system integration in development process?

How can existing methods and tools from product development be used to support the system 

These thoughts led to the hypothesis that nowadays in case of the strong division of wo
and information flow will be continued and concretized in a number of parallel streams with view to 
concurrent engineering. The challenge will be the coordination and integration of these streams of data 

an approach will be presented, which supports 
system integration by determining interface descriptions based on the system requirements and 

which can be adapted and completed during the development process in the context of product 

METHOD FOR THE 

system integration, 

with an increasing complexity. This results not only from the 
but also from a greater consideration of 

r of complex technical systems must often meet 
challenges in the future will lie in the fact 

openness to the environment;
an unstructured environment

ultimately results from the fa
the components or parts of the technical system require a high knowledge of certain specialist 

As a result, component development is 
is division of labor also shifts the core competencies of the 

how is no longer in the detailed solution but in the integration of components 

Aspects of system integration get more and more importance to ensure the product quality
technical integration has been ranked among the top four challenges in systems engineering [Sage and 

of systems engineering are available that postulate a holistic 
n the technical system but also on the associated project management. For this, a 

variety of approaches from the product development can be used, but generally these support only 
The system integration is nowadays mainly processed at 

he development process and, in addition, not being adequately supported

How should the data and information flows in the product development process be organized 
higher significance of system integration in development process?

How can existing methods and tools from product development be used to support the system 

These thoughts led to the hypothesis that nowadays in case of the strong division of wo
and information flow will be continued and concretized in a number of parallel streams with view to 
concurrent engineering. The challenge will be the coordination and integration of these streams of data 

will be presented, which supports 
system integration by determining interface descriptions based on the system requirements and 

which can be adapted and completed during the development process in the context of product 

results not only from the 
greater consideration of 

r of complex technical systems must often meet 
in the future will lie in the fact 

environment; the product 
an unstructured environment, which is 

results from the fact that already 
the components or parts of the technical system require a high knowledge of certain specialist 

As a result, component development is 
the core competencies of the 

how is no longer in the detailed solution but in the integration of components 

the product quality
ems engineering [Sage and 

of systems engineering are available that postulate a holistic 
n the technical system but also on the associated project management. For this, a 

variety of approaches from the product development can be used, but generally these support only 
days mainly processed at 

he development process and, in addition, not being adequately supported. 

How should the data and information flows in the product development process be organized 
higher significance of system integration in development process? 

How can existing methods and tools from product development be used to support the system 

These thoughts led to the hypothesis that nowadays in case of the strong division of work, the data
and information flow will be continued and concretized in a number of parallel streams with view to 
concurrent engineering. The challenge will be the coordination and integration of these streams of data 

will be presented, which supports 
system integration by determining interface descriptions based on the system requirements and 

which can be adapted and completed during the development process in the context of product 

results not only from the 
greater consideration of 

r of complex technical systems must often meet the 
in the future will lie in the fact 

the product 
, which is 

ct that already 
the components or parts of the technical system require a high knowledge of certain specialist fields, 

As a result, component development is 
the core competencies of the 

how is no longer in the detailed solution but in the integration of components 

the product quality, as the 
ems engineering [Sage and 

of systems engineering are available that postulate a holistic 
n the technical system but also on the associated project management. For this, a 

variety of approaches from the product development can be used, but generally these support only 
days mainly processed at 

How should the data and information flows in the product development process be organized 

How can existing methods and tools from product development be used to support the system 

rk, the data- 
and information flow will be continued and concretized in a number of parallel streams with view to 
concurrent engineering. The challenge will be the coordination and integration of these streams of data 

will be presented, which supports 
system integration by determining interface descriptions based on the system requirements and 

which can be adapted and completed during the development process in the context of product 

SYSTEMS ENGINEERING AND DESIGN 1319



 

2. Model-based systems engineering as initial basis 
The Starting point of the considerations is the question how data and information flows can be better 
matched and coordinated in a distributed development. Today, product development is primarily done 
document based. This means that existing data and information of a technical system are generally 
available. Nevertheless, they are very heterogeneous in their processing as they offer different views 
on the technical system. In addition, there are indeed link-ups and relations between documents but 
rarely between data. These aspects make it difficult to derive direct relationships between the data and 
information from several different development teams. 
The basic idea of model-based systems engineering (MBSE) is to formalize models for product 
description so that these support the entire product life cycle concerning the determination of system 
requirements as well as steps of synthesis and analysis, starting with the conceptual phase [INCOSE 
2007]. It is postulated that complex technical systems are represented by a system model, which not 
only supports the entire development process [Weilkins 2008] but also helps to develop balanced 
system solutions in response to the needs of various stakeholder [Anderl et al. 2012]. To describe a 
technical system, two kinds of perception have to be generally considered: a structural-based 
viewpoint describes the system architecture based on the segmentation into subsystems and 
components and a functional-based viewpoint which explains the behavior of the system by coupling 
input/output-relations. Both viewpoints are necessary for system integration. The coupling of 
subsystems occurs on the basis of input/output relationship and contributes to the understanding of the 
behavior of the overall system. The segmentation into components is normally connected with the 
operational structure and the definition of design-teams in product development. At the same time the 
structural view is manifested in the product structure which is implemented in used in corrent product 
data management systems (pdm-systems). 
In this context, different approaches are being pursued, e.g. MBSE approaches of NASA [2007], 
OOSE [2006] and Vitech [Estefan 2007]. All approaches have in common that they are focusing on a 
complete system description based on functional considerations. The approaches of NASA and also 
the approach by VITEC permit a modelling of system states based on a behavioral description. 
Material, energy and information flows of technical systems can be modelled. The fundamental 
considerations associated with these approaches seem to be purposeful, since they may be regarded as 
domain-independent and thus contribute to a general understanding of the system by all parties. 
In the following, the approach of OOSE which ends in the modelling approach of SysML serves as a 
basis. The concept of SysML offers the possibility to couple a structural description of the technical 
system with the functional description. Thus, a fundamental requirement of systems theory is picked 
up; for a complete description of the technical system both a functional and a structural point of view 
are required [Patzak 1982]. 
However, SysML is currently (ultimately like all MBSE approaches) a stand-alone solution. This 
means that on the one hand this tool offers the possibility to describe the technical system considering 
function and structure, to detail it during the development process in terms of a concretion and on the 
other hand, there are also methods for a SysML-based interface description [Fosse and Delp 2012]. In 
addition methods have been in the past developed to specify the system description using SysML.  
But there are no links to standard tools and methods of product development. First approaches are 
currently being developed [Augenbaugh and Paredis 2004], [Eigner et al. 2012], but they only offer 
selective links and are not yet mature. A holistic integration of the approaches and ideas of SysML in 
data and information flows is required. Major challenges in the development of complex technical 
systems are the description, specification and in-process control of interfaces within the technical 
system. Again, there are first approaches in SysML, but these are only usable within the tool and do 
not have a sufficient link to the data and information flows in the development process. 
In the following, a concept will be presented, which is based on a requirement description in SysML, 
thus, using a product model which combines both architectural and functional view, adds interfaces in 
technical systems. Starting point for the interface definition is the idea that interfaces represent 
additional input values for the component development, which can affect their behavior or could also 
arise as a result of component development. Here, the output values are of particular importance. The 
behavior of the components is not of particular relevance, but can be essential input factors to other 
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components as they significantly influence their behavior
conditions for example, may be considered as interfaces as well.
integration but play 
With this interface
be further used to support development projects and to control the product maturity management of a 
technical system. The presented approach considers adaptive design as well as variant design, whereas 
an assumption is ma
development process, namely with the allocation of sub

3. Methodology for interface descripti

3.1 Background
The description of interfaces in a technical system is based on a holistic systemic view, whereby 
technical systems 
hand, the structure description specifies 
The basic idea of this approach to be described is summarized in the following.
technical systems follows the logic that functions and subordinate sub
according to the system
considerations concerning adequate physical solution principles.
fulfill a defined path
solution principles are possible.
determine subsequent development steps.

Figure
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focus in the description of the goal
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according to the system
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solution principles are possible.
determine subsequent development steps.

Figure 1. Functional and structural representation of a technical system by SysML
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an assumption is made on the fact that basis product structures are known and become apparent in the 
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fulfill a defined path-time characteristic (
solution principles are possible. 
determine subsequent development steps.

Functional and structural representation of a technical system by SysML

evelopment starts with the definition of requirements. For the approach, which will be 
explained now, SysML will be used for capturing and processing with the requirements. Thereby the 
focus in the description of the goal

components as they significantly influence their behavior
conditions for example, may be considered as interfaces as well.

a minor role in the following.
description, it is also possible to describe inter

be further used to support development projects and to control the product maturity management of a 
technical system. The presented approach considers adaptive design as well as variant design, whereas 

de on the fact that basis product structures are known and become apparent in the 
development process, namely with the allocation of sub

Methodology for interface descripti

The description of interfaces in a technical system is based on a holistic systemic view, whereby 
on the one hand are described by its functions or sub

hand, the structure description specifies and possibly als
The basic idea of this approach to be described is summarized in the following.
technical systems follows the logic that functions and subordinate sub

’s purpose. The functional view is supplemented by a structural view by 
considerations concerning adequate physical solution principles.

time characteristic (function), mechanical (gear) o
 Both points of view, function and structure, are interdependent and 

determine subsequent development steps. 

Functional and structural representation of a technical system by SysML

evelopment starts with the definition of requirements. For the approach, which will be 
explained now, SysML will be used for capturing and processing with the requirements. Thereby the 
focus in the description of the goal-system is laying on both, function

components as they significantly influence their behavior
conditions for example, may be considered as interfaces as well.

a minor role in the following. 
description, it is also possible to describe inter

be further used to support development projects and to control the product maturity management of a 
technical system. The presented approach considers adaptive design as well as variant design, whereas 

de on the fact that basis product structures are known and become apparent in the 
development process, namely with the allocation of sub-functions to components.

Methodology for interface description of complex technical systems

The description of interfaces in a technical system is based on a holistic systemic view, whereby 
are described by its functions or sub

and possibly also completes 
The basic idea of this approach to be described is summarized in the following.
technical systems follows the logic that functions and subordinate sub

’s purpose. The functional view is supplemented by a structural view by 
considerations concerning adequate physical solution principles.

function), mechanical (gear) o
Both points of view, function and structure, are interdependent and 

Functional and structural representation of a technical system by SysML

evelopment starts with the definition of requirements. For the approach, which will be 
explained now, SysML will be used for capturing and processing with the requirements. Thereby the 

system is laying on both, function

components as they significantly influence their behavior. Structural fa
conditions for example, may be considered as interfaces as well. These are also important for system 

description, it is also possible to describe interfaces between design teams. It can 
be further used to support development projects and to control the product maturity management of a 
technical system. The presented approach considers adaptive design as well as variant design, whereas 

de on the fact that basis product structures are known and become apparent in the 
functions to components.

on of complex technical systems

The description of interfaces in a technical system is based on a holistic systemic view, whereby 
are described by its functions or sub

o completes the sub
The basic idea of this approach to be described is summarized in the following.
technical systems follows the logic that functions and subordinate sub

’s purpose. The functional view is supplemented by a structural view by 
considerations concerning adequate physical solution principles. If, for example, an actuator has to 

function), mechanical (gear) o
Both points of view, function and structure, are interdependent and 

Functional and structural representation of a technical system by SysML

evelopment starts with the definition of requirements. For the approach, which will be 
explained now, SysML will be used for capturing and processing with the requirements. Thereby the 

system is laying on both, function

Structural factors, that influence space 
These are also important for system 

faces between design teams. It can 
be further used to support development projects and to control the product maturity management of a 
technical system. The presented approach considers adaptive design as well as variant design, whereas 

de on the fact that basis product structures are known and become apparent in the 
functions to components.

on of complex technical systems

The description of interfaces in a technical system is based on a holistic systemic view, whereby 
are described by its functions or sub-functions, but on the other 

the sub-functions
The basic idea of this approach to be described is summarized in the following.
technical systems follows the logic that functions and subordinate sub-functions are initially defined 

’s purpose. The functional view is supplemented by a structural view by 
If, for example, an actuator has to 

function), mechanical (gear) or electri
Both points of view, function and structure, are interdependent and 

Functional and structural representation of a technical system by SysML

evelopment starts with the definition of requirements. For the approach, which will be 
explained now, SysML will be used for capturing and processing with the requirements. Thereby the 

system is laying on both, function and architecture. 

ctors, that influence space 
These are also important for system 

faces between design teams. It can 
be further used to support development projects and to control the product maturity management of a 
technical system. The presented approach considers adaptive design as well as variant design, whereas 

de on the fact that basis product structures are known and become apparent in the 
functions to components. 

on of complex technical systems 

The description of interfaces in a technical system is based on a holistic systemic view, whereby 
functions, but on the other 

functions. 
The basic idea of this approach to be described is summarized in the following. The development of 

functions are initially defined 
’s purpose. The functional view is supplemented by a structural view by 

If, for example, an actuator has to 
r electrical (stepping motor) 

Both points of view, function and structure, are interdependent and 

Functional and structural representation of a technical system by SysML

evelopment starts with the definition of requirements. For the approach, which will be 
explained now, SysML will be used for capturing and processing with the requirements. Thereby the 

and architecture. 

ctors, that influence space 
These are also important for system 

faces between design teams. It can 
be further used to support development projects and to control the product maturity management of a 
technical system. The presented approach considers adaptive design as well as variant design, whereas 

de on the fact that basis product structures are known and become apparent in the 

The description of interfaces in a technical system is based on a holistic systemic view, whereby 
functions, but on the other 

The development of 
functions are initially defined 

’s purpose. The functional view is supplemented by a structural view by 
If, for example, an actuator has to 

cal (stepping motor) 
Both points of view, function and structure, are interdependent and 

 
Functional and structural representation of a technical system by SysML 

evelopment starts with the definition of requirements. For the approach, which will be 
explained now, SysML will be used for capturing and processing with the requirements. Thereby the 

and architecture. The 

SYSTEMS ENGINEERING AND DESIGN 1321



 

identification of the requirements of a technical system by approaches of model-based systems 
engineering follows the logic according to Figure 1. These requirements can be functionally 
represented by transferring them into block diagrams and links by input-output relations. This system 
models correspond to the parameter-based modeling approaches in which the wirk-structure is reduced 
to the essential parameters which can be used for a simulation [Panreck 2002]. This basically allows to 
identify the system behavior in the early phases, thus within requirements engineering. For this 
purpose, a transfer of the functional model of SysML into an executable model (e.g. by 
Matlab/Simulink) is required (for example [Debbabi et al. 2010]). 
In parallel, the requirements can also be transferred in a system structure. This does not correspond to 
the detailed structure description as in later phases of product development is defined, for example, in 
the modeling of technical systems (geometry in mechanical engineering, circuits in electrical 
engineering, source code in software development). Nevertheless, the component description may be 
considered as a valid simplification for the early stages of product development. An assignment of 
components is based on this structural description which nowadays determines the process-oriented 
organization of many companies. 
Both forms of representation can be linked, so in the phase of requirements clarification it is already 
possible to determine which partial functions are fulfilled by the components. Dependencies between 
functions are identified by the functional description using block diagrams; consequently, the 
dependencies between sub-functions as well as dependencies between components can be identified. 
Based on this, the project will be fixed as responsibilities for the development of the individual 
components are assigned. This information can supplement the architecture descriptions. 

3.2 Description and complementation of the system’s behavior 
As explained in the previous chapter, models can be derived based on the functional system 
description, which can be executed in tools like Matlab/Simulink or Dymola. Therewith an executable 
model of the goal-system is available. The result of the simulation can be used to assess whether the 
behaviour of the system coincides with the expected behaviour. This corresponds to the verification of 
the completeness of the requirements. Figure 2 shows a behavioral model for a gear, which initially 
describes only the speed and torque conversion. The consideration of the tooth meshing (in the form of 
coverage) or the tooth base stiffness also allows drawing conclusions on the dynamic behavior. 
Tools like Matlab/Simulink can not only represent time-continuous systems but discrete event systems 
are also integrated by the link-up with state charts. This way, software, as a crucial component of 
today’s complex technical systems, can also be considered when modeling the system’s behavior. By 
evaluating the simulation results, not only the system’s behavior can already be analyzed from the 
requirements. It can also be analyzed whether the interests of various stakeholders on the technical 
system are considered sufficiently with the designed system’s behavior. One result of the analysis of 
the system’s behavior in this phase of the product development process is also used to specify and 
complete the requirements by identifying the need of additional functions as well as to derive 
restrictions and extensions of ranges of values or parameters, which contributes significantly to reduce 
development risks. 
The assignment of sub-functions to the structure description (architecture in SysML) determines a first 
component assignment, which can be transferred to the behavioral model. Although behavioral models 
in Matlab/Simulink are not really accurate concerning the topology, this association guarantees the 
link-up between model elements and partial functions or components. Consequently, behavior-based 
interfaces between components become apparent, which are not only described qualitatively. Rather, 
sensitivities in the dependencies between functions and components can be identified based on 
parameter variations. 
Thereby a description of interfaces based on the requirements is available, which can be used to 
complete the data- and information-flow. In terms of the development-related system integration, the 
interface description should be adapted to the product maturity or the development progress. With 
each stage of concretion in the development process (e.g. associated to milestones or stage gates), the 
behavioral model can be detailed to specify the sub-components or sub-functions with respect to the 
new findings from the synthesis process. An example, the concretion of a gear, is shown in Figure 2. 
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While only gear ratio and power are known in the early 
by the setting of the number of teeth and module.
geometry
consequently, s

The subsequent 
affect the overall 
concretizing
To make this 
based on the product specification is required.
technical system or the sub
mentioned 
and Paetzold
data on the parameters required for the overall performance and 
difficulties have to be considered here:

 Firstly, there is a need of estimating which concretion can actually have an impact on the 
overall system or only serve to optimize a functional differentiated component.

 Secondly, 
reduction from a point of view, which focuses on the important aspects with respect to the 
function of the component. Aspects that are important for the integration of the compone
into the overall system but not from a technical point of view are neglected.

The Simulink
avoid this effect, a systems engineer is required for data reduction when ide
product maturity, as he focusses more on the overall context of the technical system.
Here, it is a major responsibility of the system engineer to focus on such technical functions which 
play only a minor role in the 
the overall performance respectively other components. It is his responsibility to decide which level of 
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intended to identify specific properties but merely to specify input and output values of individual sub-
functions in more detail, namely to the extent that the expected or at a certain product maturity 
realized system behaviour is specified. Nevertheless, these models can be used especially in the early 
stages to validate whether the realized system behaviour meets the required system behaviour or 
additions in the description of requirements or partial functions are necessary. 
The refinement of the models which is necessary to identify the product maturity requires a statement 
about which factors of component development influence individual functions of other components in 
such a way that they are relevant for the system's behaviour. For this purpose, it is helpful to evaluate 
the experience and knowledge to a product group. Typical faults or weaknesses in the system 
behaviour provide indications where to focus on. The big challenge in the application of the approach 
described is to what extent it is possible to integrate the generated data and information in the product 
development process and to make these available for the relevant stakeholders. Therefore, one of the 
next key steps is the implementation of the new data model in a product data management system and 
the link-up thereof with developing workflows. 
To identify interfaces based on simulations in our example we used Matlab/simulink. Other simulation 
tools are possible. Important is, that a parametric modelling approach will be used. The challenge is to 
couple the description of interfaces with a pdm-system. This is necessary to make the information 
usable in the design process to support decisions. 
A weakness of this approach to interface description needs to be seen in the effort for modelling, with 
view to the modelling depth. The additional efforts with respect to real conditions within a project 
appear to be very high. However, assuming that similar components or sub-functions that are similar 
in major properties are used within a product range, it seems reasonable to establish model libraries for 
basic functions as well as for their detailing to reduce the modelling effort within a project. At the 
same time the expert knowledge can be stored in the model libraries, so it is possible even for 
inexperienced developers to better understand influences on the overall system behaviour and to take 
into account in their own work. 
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