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1. Introduction  

Modern products demand higher quality and more features 
leading to larger and more complex systems. To manage this 
complexity, virtual representation, or virtual twins, are 
essential for validating and simulating the architecture and 
behaviour of systems before building costly prototypes. To 
drive efficiency in creating virtual twins, Model-Based System 
Engineering (MBSE) is a well-established method which 
connects models of different domains inside a virtual twin [1]. 
However, to verify the systems requirements and functionality, 
various simulation models are required each serving a defined 
purpose as for example Finite Element Method (FEM) for 
structural analysis, Computational Fluid Dynamics (CFD) for 
the prediction fluid dynamics as pressure and leakage or 
Multibody Simulation (MBS) for the analysis of motion and 
forces in technical systems. The primary challenge in 
simulation is the creation of simulation model for such complex 
systems since it requires a good amount of data and effort. An 
MBSE system model can provide the required data since it 

holds the systems architecture and defines its parameters. The 
aim is therefore to connect system models and simulation 
models in a matter, that it is possible to generate simulation 
models from system models. With this it can be possible to 
minimize the modelling effort and provide data consistency 
between system model and simulation.  

This paper presents a method for automatically generating 
simulation models using the case of MBS models. This method 
employs a formal system architecture of a system modelled in 
SysML as a basis for creating a model. The state of research 
demonstrates various methods for formally describing a 
systems architecture and first approaches for automated model 
generation.  

2. State of Research 

MBSE is a modern approach for product development. It 
utilizes models from various domains to describe a systems 
requirements, architecture, and behaviour. Typically, MBSE 
revolves around a central system model that connects various 
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domains such as requirements, functional modelling, system 
architecture and simulation. For this the system model 
describes the system formally utilizing a suitable language. 
Example for those languages are the Unified Modeling 
Language (UML) for software systems or the AutomationML 
(AML) for production systems [3, 4]. The systems modeling 
language (SysML) is widely used for general system 
description of technical systems including hardware and 
software components [5, 6]. However, SysML does not provide 
guidance on how to build or derive a systems architecture. 
Therefore, methods such as SysMOD [7], Harmony [8], or 
motego [2] must be employed. The motego method, used in this 
paper, is particularly well-suited for modelling cyber-
mechatronic systems focusing the integration of domain-
specific models [2]. 

Initial approaches, such as those proposed by Groß et al. 
have explored the automated model generation (AMG) of 
simulation models (e.g. MBS) from SysML. However, to do so 
the required MBS model elements are created as blocks in 
SysML, so that the SysML model mirrors the simulation 
model. This reduces the degree of reusability and stays in 
contrast with a functional modelling approach [6]. Concerning 
model transformation with SysML other approaches have 
proposed methods which allow the transformation from SysML 
to Simulink or Modelica. In those cases however the simulation 
models are less complex (1D-Simulation) and do not require 
information about geometry [9 11].  

3. Problem Formulation 

Current research shows no suitable method to generate a 
simulation model from a system model in which the system 
model has not been especially customized or created for the 
model generation. Thus, simulation models have to be 
manually created by replicating information from the system 
architecture, which is time-consuming and prone to errors and 
inconsistencies. The following research questions (Q) and 
hypotheses (H) aim to address this issue: 

Q1 What data is necessary for the construction of an 
MBS model within the system model? 

H1 Solution Elements and System Solutions can be used 
to model the physical connection of geometries 
which is required for MBS models.  

Q2 How can an MBS model be created from a SysML 
system model? 

H2 Solution Elements and System Solutions allow to 
derive transformation rules between system 
architecture and system behaviour for automated 
model generation  

In this research MBS models are analyzed to identify the 
information that is required to be given by an MBSE system 
architecture model and the information which can not be 
provieded in the motego method yet is identified. Then the 
meta model of the MBSE modelling method motego is 
extended with required stereotypes which allow to hold the 
missing information. After that, transformation rules between 
motego-Stereotypes and MBS model elements are identified 
and implemented into an interface, thatallows an automated 
generation of an MBS model from a SysML systems model. 
Fig. 1 shows the method to be developed in which the system 

model serves as the data basis for the model generator which 
allows to automatically create the MBS model which can be 
then integrated into the system model for requirements 
verification. 

Fig. 1: Procedure for the development of the methodology 

4. Methodology / Approach 

4.1 Identification of required model elements for MBS 

In general, an MBS-Model consists of geometry models 
(bodies) and the physical connections between each other. 
These connections or joints are created between two 
coordinate systems (marker) on different bodies. The 
connection then limits the degrees of freedom for the 
movement of those bodies. Physical constraints of a connection 
like friction or damping can be specified in force-elements. 
MBS models can be organized using subsystems, which can 
be integrated into a larger model with connections between 
them [12]. 

4.2 Model elements in motego  

The motego method enables the description of a system 
throughout the entire development process, encompassing the 
stages from requirements to the formulation of functions, the 
derivation of solution concepts and eventually the realization 
of the physical product. For this purpose, the SysML is 
employed as a modeling language. However, the SysML lacks 
in stereotypes, which serve to distinguish between different 
system elements. Therefore, a SysML-based meta model is 
created within the motego framework, which introduces 
additional stereotypes for various stages of the development 
process [2, 13]. Fig. 2 provides a brief illustration of this 
approach.  

Within the motego method the requirements describe 
customer needs and wishes for the product concerning 
functionality and design. The function layer describes the 
behavior of a product without specifying the solution whilst the 
solution layer describes the physical realization of a function. 
At last the product layer implements geometry and 
manufacturing of the product itself [2, 13]. 
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Since simulation models in the engineering domain are used 
to simulate the physical behavior of a product the solution layer 
is suitable to derive a simulation model from since it should 
hold the relevant system information. The most important 
element of the solution layer are [2]:

- SystemSolution: Structures elementary Solutions 
into subsystem for function realization

- SolutionElement: elementary solution concepts 
which realize an elementary function

- ActiveSurfaces: Describe the geometrical surfaces 
which are connected with a physical effect within a 
SolutionElement

- StructureElement: Structure elements define active 
surfaces realization within one physical structure

- DomainModels: simulation models are integrated 
into the system solutions and solution elements as so-
called domain models

Fig. 3 shows the structure of a SystemSolution Roller Bearing 
including the above described model elements of motego.

Fig. 3: Structure of a SystemSolution for a Roller Bearing

As described in section 4.1 an MBS model consists of 
bodies, markers, joint or connections and force elements. In 
this case, the force element describes the physical behavior of 
the connection, and thus can be directly assigned to a 
SolutionElement, given that the SolutionElement describes the 
physical connection of two surfaces. Markers apply forces on 

bodies, thereby representing points of force application. They 
can thus be interpreted as reduced active surfaces, whereby
ActiveSurfaces represent the corresponding SysML element.
However, in order to implement a Marker in the MBS, it is 
necessary to define its position on a body, which requires the 
use of coordinate systems. A Body itself is a geometric 
representation and is implemented as a StructureElement in the 
SysML. At this stage a StructureElement serves only as the 
collection of surfaces., which can then be connected to a 
volumetric geometry. The implementation of a model element 
that stores the information on the geometry model is still 
pending.  

Above it is stated that the motego metamodel includes 
stereotypes useful for system modelling, but still lacks of 
stereotypes required for an MBS model describing coordinate 
systems and geometry models, leading to the need of an 
extension to incorporate these elements. To map coordinate 
systems in a system model, a stereotype called Position is 
created. A Position has six value properties for each coordinate 
(x-, y-, z-Translation and -, -, -Rotation) and can be 
assigned to surfaces and components. Within a component, a 
Position specifies a surfaces location, a surface holds a Position
to be connected with a component. The connection of a surface 
to a component can be seen in Fig. 4.

Fig. 4: Connection of surfaces and components for a rolling bearing
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The second stereotype which is created is called 
DesignModel and is used for the storage of information 
concerning a geometry model. The DesignModel represents a 
special DomainModel which encapsulated a geometrical model 
(CAD- or FE-model) and is capable of storing paths to e.g. a 
CAD-File. Subsequently, a DesignModel can be assigned to a 
surface as a surface model (2D) or to a component as a 
volumetric model (3D). 

4.3 Transformation from system model to an MBS-Model

Fig. 5 shows the general approach of the model generation 
process which utilizes a transformation from a SysML system 
model to an MBS model.

Fig. 5: Model transformation from system model to MBS model

Transformation Rules
In order to transform a SysML system model into an MBS, 

it is necessary to identify transformation rules. In general, 
transformation rules describe the process of transforming a 
model element from a source language into a model element in 
a source language. Fig. 6 illustrates the concept of model 
transformation.

Fig. 6: Model transformation concept

In this case the transformation rules define the 
correspondence between SysML and MBS element. An MBS 
subsystem is created for each SystemSolution, whilst a
SolutionElement, which describes the physical connection
between two or more surfaces, is represented in the MBS model 
as both a connection and a force element. The markers, 
constructed from the Position, that are assigned to 
ActiveSurfaces in the system model, implement these 
connections in the MBS. The markers are placed on bodies
which are transformed from StructureElement. A Body 
contains the Positions from the system model as markers and 
a geometrical model (primitive) which uses the CAD file 
which has been stored in a designModel. By doing so an 

ActiveSurface is implemented abstractly as a marker in the 
MBS. To define the type of force element in the MBS a 
SolutionElement also uses a general type chosen from a SysML 
model library. Fig. 7 shows the correlation between an MBS 
model and the stereotypes of the system model as well as some
identified transformation rules.

Fig. 7: Correlation between MBS-Elements and SysML-Elements for a 
gearbox

In addition, the SysML allows to create model libraries with 
predefined model elements. This allows an easier aggregation 
process when modelling system architectures. Furthermore this 
allows to draw additional transformation rules between element 
from the SysML model library to an MBS model library. 
Examples for element of the SysML library can be already seen 
in this paper (Fig. 3 & Fig. 4) and include SystemSolutions as 
Roller Bearings, journal bearing, gear stages as well as 
SolutionElements as press fits, rolling contacts, gear contacts 
and many more. For each element in the SysML library, one or 
more suitable MBS-model representations can be selected. 
Table 1 illustrates the relations between the SysML library and 
the SIMPACK model elements library.

Table 1: Correlation between SysML Elements and MBS Elements 

SysML MBS
Stereotype System 

element
Model element Element type

SystemSolution Gearbox - Subsystem

SolutionElement Gear contact FE 225: Gear 
Pair

Force Element

SolutionElement Press fit CTN2: Rigid Connection

SolutionElement
Rolling 
Contact

FE88: Rolling 
Bearing

Force Element

CTN: Revolute Connection
ActiveSurface Gear Gear Primitive

Data export
In the scope of this work the Cameo Systems Modeler 

(CSM) has been used to employed to utilize the system model 
in accordance with the SysML standards. In CSM the system 
model is stored as an mdzip-file, which contains the system 
information as well as diagram views, block positioning and 
other relevant data. However, the file is rather unsorted and 
encapsulated, containing more data than necessary for the 

System model JSON______________________________

MBS model

Data import and 
model creation

Transformation rules

Data 
export

Model element A

Model element B

Model element C

Model element D

Model element A

Model element B

Model element B

Model element C

Source 
language

Target 
language

Transformation
rules

= SysSolution
= SolElement
= ActSurface

= Struct.El.

= Marker
MBS model

= ForceElement
SysML model

= ActSurfSet

MBS model elementMotego Stereotype
SubsystemSystemSolution
Connection + Force ElementSolutionElement
MarkerActiveSurface + Position
BodyStructuralComponent



854 Manuel Mennicken  et al. / Procedia CIRP 136 (2025) 850–855

simulation models. Therefore, an export tool was developed to 
extract only the relevant system information from the system 
model and present it in a machine-readable format. In the 
course of this process an exchange format  in this case 
Javascript Object Notation (JSON)  is provided along the 
system model to store relevant data. This data can be used for 
the generation of multiple other simulation models - not only 
MBS models.  

Data import and model creation 
In the subsequent phase, the data must be rendered suitable 

for processing by the MBS tool. This is achieved by importing 
the model data from the JSON file. The model data is imported 
to the MBS-tool SIMPACK, which has been utilized in the 
context of this research, through SIMPACK Scripts which 
facilitate the creation and manipulation of MBS-Models. 
Following the import of the data from the JSON-File for each 
SystemSolution iteratively: 

a) an MBS model is created 
b) all bodies and their markers are created from the 

components and position list 
c) a connection and force elements for each 

SolutionElement are created as well as parameters are 
assigned  

d) all subsystems associated with subordinated 
SystemSolutions are integrated  

5. Use case 

This work focuses on an electrified drivetrain previously 
used in research projects FVA 682 I and II to develop modeling 
methods for predicting the acoustics of electromechanical 
drives. The powertrain consists of a permanent magnet 
synchronous machine (PMSM) for converting electrical into 
mechanical power, a two-stage spur gear for adjusting speed 
and torque, and a differential to distribute mechanical power to 
the side shafts connected to the wheels. A control system is 
employed to adjust the motor currents via power electronics 
and pulse width modulation, optimizing operational points. 

The according system model of the drivetrain consists of 35 
SystemSolutions, 50 SolutionElements and 35 
StructuralComponaents. The model is divided into the 

submodels of engine system, gearbox, axis system and clutch. 
The main SolutionElements are rolling contacts for the roller 

bearings, gear contacts for the gear stages in the gearbox and 
differential and press fits for the connection of bearing rings. 
The SolutionsElements are drawn from the model library and 
mostly connect two different cylindric surfaces which are 
placed on the bearing rings, housing or shafts. The gear 
contacts are created between two gear surfaces. The system 
model contains several StructureElement including bearing 
rings, housing, gears and shafts. The geometry models of these 
components are stored with their respective file paths as 
DesignModels. Additionally, surfaces are placed at their 
specific Positions which can be read from the geometric 
models. An extract of the model is shown in Fig. 8. 

The MBS-model is created by initializing the plugin for any 
SystemSolution. The plugin will then automatically export all 
relevant model data for the chosen SystemSolution and all its 
subordinates and start the scripts in the MBS-tool which 
manage the import and generation of the MBS-model. The 
resulting MBS model and an example for a roller bearing in 
SysML and MBS can be found in Fig. 9. Required parameters 

 concerning markers coordinates or for force elements  are 
read from the properties in the system model into the JSON 
format and are assigned to the according parameter of an MBS 
model element within the transformation rules.  

6. Summary and outlook 

The paper presents a methodology for the generation of 
simulation models. The method employs a formal description 
of the system, utilizing the SysML, to provide the data 
necessary for the simulation model. The transfer of model data 
from an architectural modelling tool to a simulation tool is 
demonstrated on the example of an MBS model. Furthermore, 
the identification and application of transformation rules  

Fig. 8: Extract of the systems model for the electric drive train 
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between SysML and MBS models is presented. For this, the 
structure of the simulation model in this case, MBS is 
analyzed to identify the data required for its creation. 
Subsequently, a system model utilizing the motego method is 
analyzed to identify whether and where the relevant 
information already exists and if not, how it can be integrated 
into the modelling method. This then allows the identification 
of transformation rules between the relevant modelling 
elements. 

Future work will include automating the generation of 
geometry models, incorporating flexible bodies, and adding 
MBS-relevant forces and constraints into the SysML model. 
Additionally, the model library will be expanded to support 
more elements from MBS and other simulation models like 
CFD and FEM, enabling more comprehensive systems models.
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