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Abstract 

In today’s business environment, the trend towards more product variety and customization is unbroken. Due to this development, the need of 
agile and reconfigurable production systems emerged to cope with various products and product families. To design and optimize production
systems as well as to choose the optimal product matches, product analysis methods are needed. Indeed, most of the known methods aim to 
analyze a product or one product family on the physical level. Different product families, however, may differ largely in terms of the number and 
nature of components. This fact impedes an efficient comparison and choice of appropriate product family combinations for the production
system. A new methodology is proposed to analyze existing products in view of their functional and physical architecture. The aim is to cluster
these products in new assembly oriented product families for the optimization of existing assembly lines and the creation of future reconfigurable 
assembly systems. Based on Datum Flow Chain, the physical structure of the products is analyzed. Functional subassemblies are identified, and 
a functional analysis is performed. Moreover, a hybrid functional and physical architecture graph (HyFPAG) is the output which depicts the 
similarity between product families by providing design support to both, production system planners and product designers. An illustrative
example of a nail-clipper is used to explain the proposed methodology. An industrial case study on two product families of steering columns of 
thyssenkrupp Presta France is then carried out to give a first industrial evaluation of the proposed approach. 
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1. Introduction 

Due to the fast development in the domain of 
communication and an ongoing trend of digitization and
digitalization, manufacturing enterprises are facing important
challenges in today’s market environments: a continuing
tendency towards reduction of product development times and
shortened product lifecycles. In addition, there is an increasing
demand of customization, being at the same time in a global 
competition with competitors all over the world. This trend, 
which is inducing the development from macro to micro 
markets, results in diminished lot sizes due to augmenting
product varieties (high-volume to low-volume production) [1]. 
To cope with this augmenting variety as well as to be able to
identify possible optimization potentials in the existing
production system, it is important to have a precise knowledge

of the product range and characteristics manufactured and/or 
assembled in this system. In this context, the main challenge in
modelling and analysis is now not only to cope with single 
products, a limited product range or existing product families,
but also to be able to analyze and to compare products to define
new product families. It can be observed that classical existing
product families are regrouped in function of clients or features.
However, assembly oriented product families are hardly to find. 

On the product family level, products differ mainly in two
main characteristics: (i) the number of components and (ii) the
type of components (e.g. mechanical, electrical, electronical). 

Classical methodologies considering mainly single products 
or solitary, already existing product families analyze the
product structure on a physical level (components level) which 
causes difficulties regarding an efficient definition and
comparison of different product families. Addressing this 
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Abstract 

Assembly Sequence Planning (ASP) is one of the well-known optimization problems in the manufacturing industry. It represents a great deal of 
interest over the past three decades. This paper aims to present a method for generating ASP, taking into account the stability assignment during 
assembly’s operations. The developed method uses the topological and geometrical assembly constraints extracted and generated from CAD 
system (assembly constraints, mass and center of gravity of components, interference and contact matrices), to guarantee the generation of a 
feasible ASP. The main contribution of this research is the development of a method which respects the stability assignment of heavy machines 
during the assembly’s operations. Also, it reduces the design costs and minimizes the time of replacement or repair of failing components of 
industrial equipments, which has become complicated task given the complexity of today's mechanisms. A validation example is used to 
highlight the advantages of the proposed approach. 
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1. Introduction 

Despite the multitude of functionalities offered by the 
actual CAD/CAM softwares, the generation and the 
simulation of Assembly/Disassembly Sequence Plan 
(ASP/DSP) remain an actual issue. In fact, the identification 
or the optimization of ASP/DSP depends on many criteria. 
Researchers have developed different approaches in order to 
automatically generate feasible and optimal sequences. 

Those approaches, which improve the product design and 
the maintenance operations, take into account several 
parameters such as feasibility [1-8], subassembly 
identification [9-10], assembly directions [11], tool 
operational space [12], assembly coasts [13] etc. Also, and to 
optimize ASP/DSP of a mechanical product, authors adopted 
intelligent methods such as the genetic algorithms [14-16] and 
the ant colony optimization [17-18]. The obtained sequences 
can be simulated interactively using the augmented virtual 
reality [19]. 

Contrariwise, the stability criterion, during 
assembly/disassembly process has not been well treated in the 
literature. The stability of a mechanical assembly is an 
important aspect, not only for operator security, but also, for 
many mechanisms which needs stability during the mounting 
phase (e.g. Wheel Loader, truck, etc.). Laperriere and Lavoie 
established an approach using a graph-theory to calculate the 
stability degree of subassemblies formed during ASP 
generation [20]. In this approach, the stability is estimated 
using freedom matrices. Smith et al. developed an ASP 
approach which respects the mechanism stability [21]. This 
approach, based on genetic algorithm, used three matrices 
such as connection, support and interference-freeness matrix 
to carry out ASP. Bahubalendruni and Biswal established a 
method, which tests automatically the stability between parts, 
using mechanical equilibrium conditions, part surface features 
and contact between parts [22]. Kumar et al. proposed a 
method to identify the stable configurations between parts of 
an assembly [23]. The stability predicate information, are 
automatically obtained, through a CAD interface. 
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As could be seen, it is clear that ASP/DSP approaches 
based on stability concept were not well considered in the 
literature. In order to improve the security aspect, especially 
for heavy machines, the stability criterion should be taken into 
account in the ASP/DSP generation. 

The aim of this paper is to develop an ASP approach based 
on stability criterion from product CAD model. For better 
discussing and explaining all the steps of the proposed 
approach an illustrative example is treated in all sections of 
this paper. 

Nomenclature 

AP      Assembled Parts 
ASP      Assembly Sequence Planning 
DSP      Disassembly Sequence Planning 
CG        Centre of Gravity 
CAD     Computer-Aided Design 
CAM    Computer-Aided Manufactory 
[CMk]   Contact matrix according to k-axis
dk Distance between the GC of the initial parts and 

each component in {Pk} 
dmi      Minimum distance 
mk  Mass of a component in {Pk} 
g            Gravity 
{Pk}      Set of closet component to Pref 
Pref      Initial part 
WACG  Weight Average Centre of Gravity
WM       Weight Moment 

2. Developed Approach 

The developed approach is composed by three main steps 
(Fig.1):  
• Assembly information. 

• Algorithm of assembly sequences generation.

• Collision test. 

Fig. 1. Developed approach steps.

To demonstrate each step of the developed approach, an 
illustrative example is proposed. The treated example, which 
is a “swivel vice assembly”, is composed of 22 parts as 
presented in Figure 2. 
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Fig. 2. CAD model and nomenclature of swivel vice assembly

In order to retrieve the parts’information
and to generate an assembly sequence, the 
assumption are considered:  
Assumption 1. All parts are considered as 
Assumption2. The parts are assembled 
one. 

2.1. Assembly information 

2.1.1. Collected information 

From the CAD assembly model, the developed algorithm 
collects information from the components and the assembly 
constraints. As first step, the algorithm extracts the necessary 
body’s proprieties of each component: the name, the mass and 
the center of gravity. Those data will serve to identify the 
precedence relations. The collected data from the 
demonstrative model’s parts are presented 

Fig. 3. Collected data from the demonstrative model parts.

CAD model and nomenclature of swivel vice assembly. 
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