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Abstract
Design process is usually based on past experiences and best practises which compose the company know-how. The challenge
is to identify common patterns in the design solutions generated for different design problems. The present paper focuses on
the identification of product patterns by using a graph-based approach. It deals with the designing of automotive gearboxes and
with the development of an approach and a software tool aimed to support preliminary design and CAD modelling activities
in gearbox designing. The approach is applied to two different architectures of manual transverse gearboxes characterized
by two and three shafts. It aims at the identification of common design features through the detection of the directed graphs
matching. AMatlab software tool for gearbox preliminary design is implemented according to the detected common features.
The proposed approach and the developed software tool provide an effective way to keep and re-use company know-how,
especially in the context of large automotive companies.
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1 Introduction

Design process is often based on company best practises and
know-how. Some specific design contexts are deeply spe-
cialised and make use of dedicated approaches [3]. In many
other cases, the common design phase is strictly based on
company knowledge and it doesn’t start from scratch.

Knowledge managing techniques and approaches, in
terms of data acquisition, organisation and re-use, take on
a key role. By tackling a new problem, the main objective is
the re-use of past experiences, as well as past solutions, for
adopting or adapting to the new problem [9].

The identification and organization of product pattern
enable an easier re-using process.
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The present paper focuses on the identification of product
patterns by using a graph-based approach [5–7] in order to
support the design activity. In particular, the use of directed
graphs [2] as data manager improves the management and
re-use of company know-how, according to a KBE point
of view, and allows the creation of an easy-to use Graphi-
cal User Interface (GUI). The GUI is the software tool that
allows designer to identify relations between design fea-
tures, to manage and distribute engineering knowledge and
to improve standardization within design processes.

The approach is applied to two gearboxes characterized,
respectively, by a two-shafts and three-shafts architecture,
with a particular focus on the identification of common
design features belonging to different gearbox architec-
tures, in order to accomplish the geometric modelling of
mechanical assembly and support the preliminary phase of
dimensioning as well as the updating of CADmodels during
re-design activities.

2 Graph-based approach

The approach uses a detail multi-level definition defined in
[5–7]. It combines the principles of the Axiomatic Design
[8] and directed graph (digraph) to clearly represents the
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dependencies between the parameters for any level of the
product hierarchical structure [2]. Therefore, once the level
of detail is defined, it is possible to associate a digraph for
the “transversal” dependencies within the level.

The approach consists of two parts [6]; the first one for
the construction of the digraph (done only once); the second
one for re-use of information in design phase.

When dealing with a complex product, the first step is the
brake-down decomposition up to detail level of part [1]. To
define the dependencies among the parts is necessary tomake
a digraph for the level obtained, level of part in this case. The
digraph could be exploded up to the features/parameters level
with the specification of new relations which define into-
part dependencies. In order to carry out features/parameters,
digraph need to deeply know the assembly or have a lot of
information on it. Generally, three digraphs are needed for
the full representation of an assembly:

1. Assembly digraph, that represents the dependencies
among the parts of the assembly;

2. Layout digraph, that represents the dependencies among
the geometric features;

3. Feature digraph, that represents the dependencies among
the features/parameters of the parts and, then, the assem-
bly.

Digraph can be applied for the re-use of information disen-
gaged from geometry in development software tools activity
and product design activity, respectively. It allows to record
andmanage company knowledge in the product development
processes. You fail to make a more efficient redesign of the
product/assembly. With a software interface becomes much
easier and faster retrace, every time, the design cycle tracing
the digraph.

3 Case study

The proposed approach is applied to two different architec-
tures of manual transverse gearboxes characterized, respec-
tively, by two and three transmission shafts (Fig. 1). The
digraphs obtained (Fig. 2) are used to detect the gearbox
patterns and figure out the common aspects, features and
parameters that can be re-used.

Based on the identified patterns, a software tool for pre-
liminary design of gearboxes (previously developed [4]) has
been implemented.

4 Conclusions

The paper presents an approach, based on the graph theory, to
face the management and re-using of company know-how,

Fig. 1 Simplified model of gearboxes (pitch diameters): a) two trans-
mission shafts; b) three transmission shafts

2 shafts : feature 
specification

3 shafts : feature 
specification

Fig. 2 GUI layout based on re-use of common features

according to a KBE methodology. The paper deals with a
designing approach deepening two different architectures of
manual transverse gearboxes. The approach detects the com-
mon features existing between different gearboxes, through
a graph representation. These data are the starter point to
perform the re-use of company knowledge. After identified
gearbox common features, the set of parameters and dimen-
sioning rules are defined. Therefore, an interactive software
tool for the sizing and the preliminary CADmodelling of the
examined gearboxes was accomplished.
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