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Concurrent Design of Railway Vehicles
by Simulation Model Reuse

M. Valasek, P. Steinbauer, J. Kolat, J. Dvorak

This paper describes a concurrent design approach to railway vehicle design. Current railway vehicles use many different concepts that
are combined into the final design concept. The design support for such systems is based on reusing components from previous design cases.
The key part of the railway vehicle design concept is its simulation model. Therefore the support is based on support for reuse of
previous simulation models. The simulation models of different railway component concepts are stored using the methodology from the
EU CLOCKWORK project. The new concept usually combines stored components.
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1 Introduction

Engineering design of various products can be divided
into two main groups. The first one is characterized as config-
urational design, and can be fully described by a design
network. Using such a design network, effective computer
support systems can be developed. Such a computer support
system, called COLIN, was developed for automotive design,
together with further extensions, described in [1].

Although the railway vehicle design process is mostly
a configurational one, it is not possible to establish a sequence
or network of repeatable steps and operations which fully de-
scribe previous design cases. Usually, previous designs or
parts of them are utilized. Current advances in computer
hardware and software technologies allow designers to base
vehicle design on a simulation model of such a vehicle. Thus,
a significant part of the design process is the creation and ver-
ification of the dynamic simulation model of the vehicle, and
experiments with this model. Further, previous simulation
models and parts of them are often used. Knowledge support
for such a design process is supported by the methodology
and tools developed within the EU CLOCKWORK project
(Creating Learning Organisations with Contextualised Know-
ledge-Rich Work Artifacts).

The design methodology based on multidisciplinary vir-
tual modelling and subsequent simulation is essential for any
present-day engineering design [3], and specifically for the
design of complex mechatronic machines [4]. In additions
current engineering design is multidisciplinary and therefore
based on team work. The team work often uses the potential
and benefits of geographic distribution and internet commu-
nication. Engineering design draws heavily on previous expe-
rience and therefore it is essential to build and maintain the
archives of previous cases. Due to the nature of the described
methodology, simulation models are an essential part of this.

Engineering design is a knowledge-intensive activity, but
analysing the resulting documentation of such activities shows
that most of this knowledge is tacit, and is not stored for future
reuse. The CLOCKWORK methodology and tools provide a
means for storing, retrieving, reusing, sharing and communi-
cating such knowledge.

This paper deals with implementation of the CLOCK-
WORK methodology and tools which support integrated
design of railway vehicles.

2 Clockwork methodology

2.1 Knowledge life cycle of virtual modelling
and simulation

The development of a virtual model and then its simula-
tion typically goes through a number of tasks ([2]). These
tasks are illustrated in Fig. 1. The light arrows represent
mappings between the different elements, and the black
arrows represent transformation processes between the tasks.
The development of a simulation, as shown in Fig. 1, involves
five steps.

The first step is an analysis of the real world, since when we
start to develop a simulation there exists some real world ob-
ject. This real world object is investigated within a certain ex-
perimental frame concentrated on the relevant behaviour in
order to answer some question, the objective of object investi-
gation. It forms the real world system (either actual or hy-
pothesised). From this real world system we want to create a
model to use for answering a modelling question (question),
such as how a real-world system would respond to particular
stimuli. The real world task has three elements: the real world
system, the question (modelling question), and finally the
solution.

e The real world system (either actual or hypothesised), of
which we want to create a model to use for answering a
modelling question, such as how a real-world system would
respond to particular stimuli.

e The question (modelling question) is a question — model-
ling objective that is based within the real world and is to be
answered using simulation.

e 'The solution is the interpretation of the interpreted output
of the simulation task. This will be left blank until there is a
set of results.

The second step is the conceptual task, where the con-
ceptual model is developed. The transformation from the
real world into the conceptual world consists of creating a
hierarchical break-down of the real world system being in-
vestigated (e.g., a hierarchical description of real product
components and their environment). This scheme should
be accompanied by a description of the function (physi-
cal interaction), as it forms the basis of the causal and
functional explanation. As soon as this description is com-
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Fig. I: CLOCKWORK knowledge framework

pleted the conceptualisation is completed. Certainly vari-
ous assumptions are raised about the granularity of
the modelling being provided. It is the way of “think-
ing about” and representing the real world system in a
conceptual manner. A crucial design decision is the deter-
mination of what factors influence the system behaviour
and what system behaviours are to be incorporated into
this task. The result of the conceptualisation is a concep-
tual model investigated within the modelling environment
in order to answer the modelling objective.

o The conceptual model is an abstracted view of the real
world system.

o The modelling objective is to conceptualise the question
and form objectives for the simulation task (i.e. what behav-
iour we are interested in? and how we will know that we
have the correct answer from the results?).

o The modelling environment is the conceptualisation of the
inputs of the real world systems, providing a simulation en-
vironment to work within in the simulation task. Typically
the inputs are specified here.

Validation is the process of determining whether the con-
ceptual model is an adequately accurate representation of the
real world task.

The next task is physical modelling. The third step is the
transformation from the conceptual world into the physical
world. This consists of replacing of each element on the con-
ceptual level by a corresponding element on the physical
level. The elements of the physical model are the so-called
ideal modelling elements (e.g. rigid body, ideally flexible
body, ideal gas, ideal incompressible fluid, ideal capacitor,
etc.). Again, as soon as this replacement is completed the
physical modelling is completed. This is where most of the
modelling assumptions are raised, and where many model-
ling modifications are made. This is the way of “modelling it”
and representing the real world system in a physical model-
ling manner. For example two typical modifications are
provided: EITHER an element is decomposed into more ele-
ments (a small subsystem) (e.g. a body cannot be treated as
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rigid body and it is modelled as a flexible body being mod-

elled as a subsystem) OR several elements are replaced by one

element as the detailed treatment of interactions is neglected.

The modelling task results in the physical model, its input

and the investigated output.

e The physical model is an accurate physical view of the con-
ceptual model.

e The model input is the modelling conceptualisation of the
inputs of the real world systems, providing a physical
modelling of the real world stimuli to the investigated sys-
tem, i.e. a detailed physical description of the modelling
environment from the conceptual task.

e The model output is the modelling conceptualisation of
the objectives for the simulation task (i.e. how the relevant
behaviour is measured and evaluated).

Verification is the process of determining whether the
physical model is an adequately accurate representation of
the conceptual model.

The results of the modelling task are implemented in the
form of a computer-executable set of instructions known as
the simulation model. This is the transformation from the
physical world into the simulation world. It consists of re-
placing of each element on the physical modelling level by
the corresponding element on the simulation level. Usually
this replacement can be straightforward, as simulation pack-
ages attempt directly to contain the ideal objects of physical
models. However, some modifications are always necessary.
The simulation task consists of two stages. The first stage
deals with the implementation of the physical model using
a particular simulation environment (simulation language
and simulation software). The second stage deals with the
simulation experiment, i.e., proper usage of the developed
simulation model for the solution of the real world problem.
Testing is the process of determining whether the imple-
mented version of the model is an accurate representation of
the physical model.

There are many relations between the models from dif-
ferent worlds. The main relations are connected with the
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described transformations. They represent the relation
“consists of 7 from the real world to the conceptual world.
The relation “is modelled as” from the conceptual world to
the modelling world and the relation “is implemented as”
from the modelling world to the simulation world, and
finally the relation “is simulated by” and “is answered by”
from real world to the simulation world. The development
of objects of these relations is accompanied by many itera-
tions (Fig. 2).
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Fig. 2: Tterative process of simulation model development
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ing knowledge for the modelling and simulation process
comes in two forms, informal and formal knowledge. Infor-
mal knowledge is typically concerned with relationships and
knowledge about models using natural language. Formal
knowledge is also concerned with the establishment and
representation of knowledge about the model, but this knowl-
edge is typically more structured, using knowledge modelling
technology. Both of these types of knowledge will be associ-
ated with each world object, as shown in Fig. 3.

Based on the methodology of the Enrich project [3],
the modelling and simulation objects are working docu-
ments of the engineering activity, and informal knowledge
can be captured by annotations and the formal knowledge
by semantic indexing, using concepts from related onto-
logies (Fig. 4).

Each world model is associated with informal and for-
mal knowledge on the level of model components as well
on the level of complete models. In adition, each transi-
tion between worlds is also associated with informal and
formal knowledge. Informal knowledge about world ob-
ject components and a complete world object describes
the function, behaviour and any other useful information

ModTll%ng and Real World Conceptual Modelled Simulated

‘SIIII:‘: ation Object World Object World Object World Object
Iilnolwledg;ci Informal Formal Informal Formal Informal Formal Informal Formal
:ei::n\%i::/ Knowledge Knowledge Knowledge Knowledge Knowledge Knowledge Knowledge Knowledge

Fig. 3: Supporting knowledge for the modelling and simulation process

2.2 Knowledge support for virtual modelling
and simulation
The above described process of creating virtual models
and simulation experiments with them is accompanied by
supporting knowledge that is vital for knowledge sharing and
reuse within the design team. It is believed that the support-
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Fig. 4: Ontology hierarchy
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about the component or object in question. Formal knowl-
edge represents the most valuable informal knowledge
in terms of corresponding ontologies (Fig. 4). Informal
knowledge of world transitions describes the structural
changes of the model with related assumptions raised
during particular a transformation, and formal knowledge
of these transitions describes the relationships among the
modelling processes.

The particular relationships between world models and
their components can also be generalized into more abstract
knowledge about the development of virtual models and
their simulation (Fig. 5)

The above described analysis has shown that the pro-
cess of modelling can be described on the level of each
world/object by three descriptors:

1. A conceptual/physical/simulation model depending on
the world (CWO/MWO/SWO).
2. An annotation text (informal knowledge).

3. Semantic indices (formal knowledge).

Similarly, each component of the model can be de-
scribed by the same triplet. Capture, retrieval and search
of this knowledge is supported by several tools.

It is considered that models on various levels of the
framework (from various worlds) consist of components
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Fig. 5: Clockwork models, ontologies and their relationships

which have a specific meaning and a lot of knowledge is

annotation related to the particular model component, as shown in
context element the Fig. 6 (e.g. how the stiffness of the front left spring
7 T was determined). Access and distinguishing of these com-

ponents is however dependent on the modelling tool.
Within the CLOCKWORK system, dependent specific
tools have been developed for various modelling environ-
ments (MATLAB/SIMULINK, SIMPACK).

Another tool for knowledge management on the level of

annotation whole models and worlds (the model is a work document)

. element is then proposed. It supports storing, retrieval and search of
annotation . ..

element I annotations on the level of whole models and transitions

between worlds, the semantic indexing of all objects and hier-

archical relations between objects of different worlds (Fig. 10).
Informal knowledge can be in the form of a textual descrip-
tion, an image or an arbitrary file. Such knowledge can be
associated with all parts of a world object (modelling ques-
tion-objective, assumptions and environment).

annotation
element

Fig. 6: Annotations of simulation model elements
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Fig. 7: Summary of different railway vehicles to be covered by concurrent design
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3 Railway vehicle concurrent design
objectives

Within concurrent design of railway vehicles a complete
system of different types of railway vehicles will be covered

(Fig. 7).

4 Implementation of the
CLOCKWORK methodology for
integrated design of railway vehicles

The CLOCKWORK methodology and tools have been
used as basis of the system for integrated design of railway
vehicles. The system is based on the creation of a simulation
model library of various previous designs, using the CLOCK-
WORK tools and approach. Thus, these design cases have
developed and verified not only as simulation model, but
also other mutually related objects in different “worlds” ac-
cording to Fig. 1. Furthermore, the objects are enriched by
formal and informal knowledge, as shown in Fig. 3. When
completed, the system will support integrated design of rail-
way vehicles by enabling effective reuse of previous design
cases or parts of them. Creating a new simulation model will
be much faster than starting from the scratch.

4.1 Interpretations of CLOCKWORK worlds

The four world framework (Fig. 1) described previously
needs to be interpreted for purposes of the wheel rail
design cases library.

The common modelling objective-question is quite
general: create a simulation model of a given railway vehicle
to enable evaluation of vehicle properties according to code
UIC518 (which includes passenger riding comfort etc.).
This question is narrowed according to the level of model
complexity.

Real world objects are considered as high level objects,
which provide a general specification of the vehicle model be-
ing developed (geared/not geared, commuter vehicles, high
speed vehicles).

Conceptual world objects related to a particular Real
world object contain a detailed specification of the modelled
vehicle (i.e., number of axes, type of springs, dampers, wheel
shape etc.) There are certainly many Conceptual world ob-
jects related to a particular Real world object, as there are
many structural variants and decisions.

Each Conceptual world object is expanded into at least
one Model world object. At this level modelling decisions are
made. A decision on how to model each component or piece
of a Conceptual world object is made, e.g., which bodies are
considered rigid, which flexible, linear/nonlinear characteris-
tics of springs, etc.

The simulation World object below contains implementa-
tion of a Conceptual world object in a specific modelling lan-
guage/package (e.g. SIMPACK, SIMULINK, Adams, etc.).

4.2 Ontology adaption

CLOCKWORK ontologies Fig. 4 can mostly be used
with only small extensions. Domain and Component onto-
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Fig. 8: SIMPACK workplace with model of vehicle 711
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Fig. 10: Example of a Model world object for vehicle 711

logies are however problem specific, and their railway ~ model parts. Fig. 9 shows the related record in the CKMT
extensions are being developed. tool.

To illustrate some issues discussed above, Fig. 9 and
Fig. 10 show an example of simulation model of railway vehi-
cle 711, created using the described methodology. Fig. 9
shows a SIMPACK workspace with an opened simulation An approach toward support for integrated design of
model. This workspace enables annotations of simulation  railway vehicles, a specific and important class of mechani-

5 Conclusions
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cal products, has been developed. There is no design pro-
cedure based on a sequence or network of related steps
for this product class. Instead, previous design cases are
used to learn lessons for new designs. In particular, simula-
tion models of previous design cases are reused. Using the
CLOCKWORK methodology, means are developed for
knowledge capture and reuse.

This work is based on the technology and methodology
developed within the EU CLOCKWORK project, adapted for
integrated design of railway vehicles. This approach is cur-
rently being verified on building a series of commuter railway
vehicle simulation models.
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