
1 Introduction
The demand for a high quality, low cost product with a

short development time for the dynamic global market has
forced researchers and industries to focus on various effective
product development strategies. Concurrent engineering is
an effective approach to reduce product development lead-
-time and improve the overall lifecycle quality by incorporat-
ing downstream product development considerations into
the early design stage. The product development process
deals with various kinds of data issued from value engineer-
ing, structural breakdown, DFX assessments, etc. Integration
of product data in each design phase (conceptual design, em-
bodiment design and detail design, Pahl and Beitz [1]) will
provide more complete information-based decision making.
Product modelling has been recognized as an effective tech-
nique for facilitating the representation and management of
product data.

During the 1990s many research works dealing with prod-
uct modelling were published by Krause et al. [2], Laakko and
Mäntylä [3], Anderl and Mendgen [4]. The main approach of
these works was to describe the product based on geometric
and form features. In recent years, the research focus of prod-
uct modelling has gradually shifted to the earlier design
phase. Essentially, the earlier design phase is function-driven
or function-oriented, because the main design focus at this
stage is to find a design solution that is able to achieve the
required functions. Form feature modelling approaches and
systems, dealing mainly with geometry, cannot take functional
information into account at all, because this information is a
more abstract concept than geometric and topological infor-
mation. In such a situation, product modelling oriented to
functional design has been widely studied. The main idea of
these modelling approaches is to describe the relationships
between functions, behaviours and structures during the de-
sign process, Umeda et al. [5], Deng et al. [6], Zhang et al. [7].

The representation of the data that has to be managed
during the product development process depends on the
design phase. It is hardly feasible to find an all-round perfect
product model which is able to handle all the product data
aspects above. In the presented research work, two models are
used to deal with product data from the conceptual phase

to the detail design phase. A Function-Behaviour-Structure
(FBS) model is employed for the conceptual and embodi-
ment design phase, and a multiple-view model is used for
the embodiment and detail design phase. As we know, com-
mercial CAD systems provide powerful capability in CAD
modelling and analysis. Currently, the research aim is to
obtain the linking which will integrate these three models.

This research proposes an integration framework about
different aspects of product data. On the conceptual level, the
different kinds of product data and their logical relations
are described through functional modelling and multiple-
-view modelling and CAD modelling. On the implementation
level, the integration of the functional modeller, the multiple
view product modeller and CATIA compose the environment
for implementing the modelling logics provided on the con-
ceptual level. The data exchange between CATIA and an
already-existing optimisation module is also considered to aid
designers for a quick assessment of a sub-assembly taking into
account a set of evaluation criteria.

This paper is organised as follows: (1) an integration
framework for multiple aspects of product data is proposed,
(2) as an application of this framework, the FBS model and
multiple-view model are briefly described and the linking
between them is emphasised, (3) the integration of the im-
plementing modellers is described, especially details of the
linking between the multiple-view modeller and CATIA is
discussed, (5) the conclusions and future work are presented.

2 The proposed integration
framework
The product development process deals with different

kinds of data in each design phase. During the phase of task
clarification, the design specifications originating from cus-
tomer requirements are the description of a product to be
designed; during the conceptual design, the means (principle
solutions or components) are generated to meet the func-
tional requirements; then the configurations of each of the
components and the connections between the components
are set during the embodiment design; after that, final de-
cisions on dimensions, arrangement, shapes of individual
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components and materials are made, giving due consider-
ation to the manufacturing function in the detail design. As
mentioned in section 1, the modelling of product data de-
pends on the design phase. It is obviously difficult to handle
all the aspects of product data given above in an all-round
model. The key to product modelling is product model parti-
tion and integration. Fig. 1 shows an overview of the proposed
integration framework. The purpose of this framework is to
provide methods and tools to enable product data integration
in a concurrent engineering approach.

Several mapping methods have been proposed to imple-
ment system integration within the product modelling area.
In Nowak et al. [8], a meta-modelling based method has been
proposed for the integration of product models. A formal
modelling notation is required for the definition of mappings
on the conceptual level. This notation provides a method to
describe the correspondences between the models. After the
mapping has been defined, it is possible to translate data to
the implementation level.

According to the identified product data in different de-
sign phases, the following modelling techniques are adopted
on the conceptual level:
1) Customer requirement modelling: the customer require-

ments are analysed and translated into a statement which
defines the function that the product should provide (re-
ferred to as a functional requirement) and the physical
requirements that the product must satisfy.

2) Functional modelling: to describe a design and its re-
quirements from its functional aspects so as to allow
reasoning about its functionality and generating schemes.

3) Multiple-view modelling: to embed engineering knowl-
edge (geometry, process planning, manufacturing,
assembly, etc.) into the description of the form features.

4) CAD modelling: to describe the geometric and topologi-
cal information and to enable an analysis.

According to the product modelling techniques provided
on the conceptual level, the corresponding implementing
systems have already been developed by research institutes

or commercial companies. These implementing tools and
their relationships compose the implementation level in the
framework. There are a number of techniques for customer
requirement modelling. The most well-known of these
techniques is Quality Function Deployment (QFD). The func-
tional modeller and the multiple-view modeller have already
been developed respectively by Song [9], Roucoules and Tich-
kiewitch [10]. The commercial CATIA V5, from Dassault
Syst mes (www.3ds.com), is used here for classical CAD mod-
elling. To aid designers to make a quick assess went of a
sub-assembly taking into account a set of evaluation criteria,
the already-developed optimisation module is also consid-
ered to be integrated into the proposed framework.

As this research work focuses on mechanical design, cus-
tomer requirement modelling and its modeller system is not
considered currently. On the conceptual level, the integration
of functional modelling and multiple-view modelling will be
emphasised; on the implementation level, the data exchange
between the multiple-view modeller and CATIA V5 will be
focused on.

3 Product modelling
In this section, we will first briefly describe the two models

our work is based on. Then the integration of these two mod-
els will be emphasised.

3.1 Functional modelling
The idea of functional modelling in conceptual and em-

bodiment design is to reason at the functional level in order to
generate solutions to specified design problems. The product
requirements are progressively mapped onto product struc-
tures via functional modelling.

To support functional modelling, it is now generally ac-
cepted that design information should include not only the
physical structure of a design, but also its required functions
and implementing behaviour [6]. For example, the function
of a steam valve in a boiler is to prevent an explosion; its be-
haviour is that it opens when a certain pressure difference is
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detected; its structure is the physical layout and the connec-
tion between the various physical components [11]. Fig. 2
shows a functional representation of the structure. This repre-
sentation suggests that each given structure be described by
the behaviours it can provide and the functions provided by
the behaviours, and in order to provide each of these, the
functions that the structure requires.

The search for a solution to a given problem, defined in
terms of a given set of desired functions, would start with a
search among the known behaviours for those that can pro-
vide the desired functions, then among the known structures
for those that can provide the intended behaviours. These
chosen structures, in turn, require some other functions in
order that they can provide the desired functions. Now, new
behaviours and structures will be searched for, so as to provide
these required functions, which in turn give rise to new func-
tional requirements. This process will continue until all the
required functions are provided by some structures. Each
resulting combination of structures evolved by the above pro-
cess thereby becomes a solution to the design problem posed
at the beginning.

As the design level decreases (from abstract to concrete),
the difference between the meaning of function and behav-
iour becomes more and more vague. In such a situation, a
function may be mapped onto a structure without the behav-
iour as the transition. For example, the intended function
“transmitting torque” can be mapped onto a structure “shaft”
When a function may not be mapped onto a behaviour or a
structure, it may be broken down into sub-functions. Thus, the
behaviour or structure in the above representation may be a
virtual node. A detailed discussion about the mappings in
functional modelling is presented by Song and Lin [12].

3.2 Multiple-view modelling
For embodiment and detail design, a multiple-view model

is used. The product has several breakdowns according to
different points of view, i.e., the product has multiple-view
breakdowns. The multiple-view breakdown was introduced by
Chapa and detailed in [10] to gather all the data that describe

a product with a specific vision of it. Fig. 3 shows an example
of the multiple-view approach with: technology, manufactur-
ing, assembly and finite element analysis views. Roucoules et
al. [13] describe the integration of the process planning view.

This representation allows multiple-views breakdown of
the product and ensures the link with the geometry. These
feature-based breakdowns complete the product definition,
adding new data and new constraints from specific points of
view such as tooling, finite element analysis, etc. The multi-
ple-view model is fully described in [14].

3.3 Integration of the functional model and the
multiple-view model (conceptual level)

To integrate the functional model and the multiple-view
model, it is necessary to establish the linking between these
two models. A feasible way is to find the relationship between
the results of functional modelling and the initial informa-
tion of multiple-view modelling. The scheme generated from
functional modelling is described by the information on func-
tion, behaviour and structure in terms of the representation
model as shown in Fig. 2. The multiple-view breakdowns start
from some structures in multiple-view modelling. Thus, both
models hold the information on the structural description. It
is obvious that the structural descriptions in these two models
are in fact different. The objective of functional modelling is
to generate an outline scheme, so the structures here are the
components on the upper design level. In the multiple-view
model, the structure descriptions are relatively detailed. It is
nevertheless suggested that the terminal point of functional
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modelling overlaps with the starting point of multiple-view
modelling. Fig. 4 shows the integration framework between
these two models.

From the integration framework, the structure which is
the terminal node in functional modelling can be shifted to
the technology view in multiple-view modelling. Thus, func-
tional relationships that exist between structures, such as
drive, support, hold, locate, and couple etc., can be analysed
further. Figure 5 shows the integration of the two models with
an example of a component in a sewing machine.

4 Integration on the implementation
level
In this section, integration between the implementing sys-

tems is discussed. There are four different approaches to the
data exchange problem: manual re-input of data, direct trans-
lation, neutral format translation, and a shared product data-
base [15]. Each approach has its own pros and cons. Direct
translation is the simple and accurate solution, but the num-
ber of the translators increases exponentially with the number
of systems involved. The last two solutions are reasonable,
flexible, and adaptable.

4.1 Linking between a functional modeller and a
multiple-view modeller

The functional modeller is a knowledge-based expert
system, which supports functional reasoning based on do-
main-specific knowledge. It was developed using a CLIPS
expert system shell (C Language Integrated Production
System) [16]. As explained in section 3.3, the structural infor-
mation plays the internuncial role between the functional
modelling and multiple-view modelling. After the functional
modelling, the schemes which contextualised the functional
product data are output in a neutral plain text file. Then the
multiple-view modeller can read the related structures from

the neutral file. Thus, according to the structures, the differ-
ent aspects of the product data can easily be retrieved.

4.2 Linking between CATIA V5 and optimisation
module

Integration of the optimisation module into the proposed
framework allows designers to quickly assess a sub-assembly,
taking into account a set of evaluation criteria and to evaluate
the influence of the data on the design solutions by modifying
one or more item [17]. The mechanism of data exchange
between CATIA V5 and the developed optimisation module
is shown in Fig. 6. In CATIA V5, the optimisation problem is
abstracted from the parameterised geometric model. The
parameters and constraints which define the optimisation
problem are output into a neutral file by calling CAA-API
(Component Application Architecture Application Program-
ming Interface) of CATIA V5. Then, the optimisation module
reads the data from the neutral file and performs the optimi-
sation operation. The optimal values of the variables are
output into a neutral file. Finally, CATIA V5 gets back the
results from the neutral file by calling CAA-API and updates
the geometric model.

4.3 Linking between the multiple-view modeller
and CATIA V5

In the CAD/CAM context, there exist several standards for
data exchange, such as IGES, SET, VDA-FS, EDIF, etc. [18].
The most popular exchange standard in use is IGES. It was
designed as a neutral format for the IGES exchange of CAD
data, and has been used as the standard for geometric data by
most CAD/CAM systems. Although IGES is best supported
as an interchange format for geometric data, it cannot fulfill
the completeness requirement in representing product data.
STEP was first proposed in 1984 [19] to represent complete
information of a product throughout its life cycle. Then the
choice was made that the data exchange between the multi-
ple-view modeller and CATIA V5 would be based on STEP.
Another approach was developed in Eynard et al. [20], aiming
at a direct connexion of the multiple-view modeller and
an opensource CAD system based on on OpenCASCADE
libraries.

The relevant output data from the multiple-view modeller
is converted into STEP file format by a translator, and then
the STEP file can be opened by CATIA V5 directly. The key
to this data exchange is the development of a Translator.
This module has already been developed using MS Visual
C++ 6.0. Considering the reusability and extensibility of the
module, the mapping about an entity from the output file of
the multiple-view modeller onto the STEP neutral file is

28 ©  Czech Technical University Publishing House http://ctn.cvut.cz/ap/

Acta Polytechnica Vol. 45  No. 3/2005 Czech Technical University in Prague

f1

f 2

f 22f 21 f 23

b 3

s 8

s 9

b1

s11

......

Link2Link1

Roll pin

...................................................................

Functional

modelling

Multiple-view

modelling...................................................................

f1: join-material

b1: sewing

f2: interweave-thread- material

f21: tense-stitch

f22: catch-thread-loop

f23: lead-thread-through-material

s11: brace

b3: thread-takeup s9: thread-takeup-bar

s8: needle-bar

Fig. 5: A case of integration of a functional model and a multi-
ple-view model

CATIA V5

Parameterized geometrical model

CATIA V5

Preformulated optimisation problem

Optimisation algorithms

Optimal values of

parameters

Parameters and

constraints

Update

CAA-APICAA-API

Fig. 6: Data exchange between CATIA V5 and the optimisation
module



encapsulated into a class which provides a compact interface
for accessing. When an entity of the STEP file is needed,
the only thing to be done is to extract the required parame-
ters and call the corresponding class member function. For
example, the cylindrical surface defined by the multiple-view
modeller is shown as follows:
{ axe SLine : pl_axe_doigt_cyl4

dir Vector : pl_dir_axe_doigt_cyl4

z Float : [0.000000..0.000000]
y Float : [1.000000..1.000000]
x Float : [0.000000..0.000000]

diameter Float : [12.0 .. 12.0]

position Point : pl_pos_doigt_cyl4

z Float : [0.000000..0.000000]
y Float : [�20.000000..�20.000000]
x Float : [0.000000..0.000000]

length Float : [30.0 .. 30.0]}

The parameters required by the translator are the center
points of each section circle and the radius. The two center
points are center 1 (0, �20, 0) and center 2 (0, 10, 0); the
radius is 12. Then, a cylindrical surface object (css) can be
built with the parameters and we call its member function
(GetSTEPCode) to get the STEP code.

CCylindrical_surface_segment css(center1,center2, radius),
Css.GetSTEPCode.

The obtained STEP file is shown as follows (in part):

#51=CARTESIAN_POINT('Axis2P3D Location',(� 5.,0.,0.));
#52=DIRECTION('Axis2P3D Direction',(0.,1.,0.));
#53=DIRECTION('Axis2P3D XDirection',(�1., 0.,0.));
#54=AXIS2_PLACEMENT_3D('Cylinder Axis2P3D',

#51,#52,#53);
#55=CYLINDRICAL_SURFACE('generated cylinder',

#54,6.); .............

Fig. 7 shows the interfaces of the process of data exchange.

5 Conclusion
The research work presented in this paper deals with

product data integration in design. Lasts of this problem have
been studied in the literature and some concepts have been
well specified. The current research work focuses on develop-
ing a new integration approach and associated systems.

An integration framework of a CAx system and a multi-
ple-view modeller is proposed. On the conceptual level, an
FBS model and the multiple-view model are used to represent
the product data during the design process. The linking
between these two models is established to enable the integra-
tion of product data in each design phase (conceptual design,
embodiment design and detail design). On the implementa-
tion level, the data exchange between the corresponding
modellers is carried out by neutral file translation. Therefore,
the designer can easily access the product data from different
views and contextualise it throughout the product develop-
ment process. This research work provides designers with a
comprehensive product model and their modelers so as to
help them to make information-based design decisions.
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