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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. 
© 2017 The Authors. Published by Elsevier B.V. 
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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 

Many applications of different materials are related to the properties of their surface. Wettability is a key property affecting applications in 
all fields: adhesives, lubricants, detergents, all types of coatings, implant integration, heat transmission, corrosion, etc. Laser texturing has been 
demonstrated to be an excellent technique to modify surface wettability of many different materials: polymers, metals, ceramics, or even natural 
stones. The relative simplicity and robustness of the results, together with the widespread availability of affordable industrial laser sources made 
laser texturing a very promising tool for modifying the surface of parts in manufacturing plants. In this paper we introduce the basics of the 
technique and show some examples of applications. On one hand, treating the surface of different polymers for biomedical applications. And on 
the other hand, the production of surfaces with extreme wettability properties is shown: superhydrophilic, superhydrophobic and omniphobic 
surfaces were obtained by laser texturing. 
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1. Introduction 

Wettability is the ability of one fluid to spread on, or to 
adhere to a given surface. This property is relevant in many 
physical, chemical or biological processes (such as in 
tribology, pipe flow, adhesion of dust to surfaces, cell or 
bacteria-surface interactions, etc.) [1]. Hence, the control of 
this property on the surface of different materials is relevant in 
science and industry and can find many applications, such as 
the production of surfaces with self-cleaning properties, 
reduced viscous drag, improved lubrication properties, or better 
osseointegration [2]. 

Wettability is mainly controlled by the surface topography 
and chemistry of materials [1,3]. Surface topography refers to 
both the profile shape and the surface roughness (including the 
waviness and the asperity or the finish). 

In order to tailor the topography or chemistry of surfaces, 
many techniques have been explored (for example, application 
of paints and coatings [4], chemical etching [5], 
electrochemical machining [6,7], lithographic techniques [8–
10], sandblasting [11], etc. However, these techniques have 
some limitations, some of them only can modify either the 
topography or the chemistry, others are limited to small areas, 
in others the modification is not local or not valid to treat large 
surfaces, etc. Recently, laser texturing has become one of the 
most popular techniques to modify the surface topography or 
chemistry to modify the surface wettability [12,13]. This 
technique is able to create a wide variety of surface 
topographies, both at the micro and nanoscales in many 
materials, with large repeatability, with excellent control of the 
surface features shape and size, and with a minimum 
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