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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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This Procedia CIRP volume contains the Proceedings of the 4th CIRP Conference on BioManufacturing (CIRP-BioM 2019). 
The Conference came to a successful close in Guangzhou from 12th to 15th December 2019. The Conference was co-organized 
by The Hong Kong Polytechnic University and Guangdong University of Technology.  

As the global biomanufacturing market keeps growing and evolving, the industry is under stress to enhance the efficacy, quality, 
cost, and compliance of life-saving products.  The CIRP-BioManufacturing conference (CIRP-BioM) is designed to be an 
international forum to discuss progress and future directions in biomanufacturing, and to facilitate the exchange of information on 
bio-inspired design, bio-fabrication, and bio-mechatronics.  This conference was preceded by the 1st CIRP-BioM in Tokyo (2013), 
the 2nd in Manchester (2015) and the 3rd in Chicago (2017).  

CIRP-BioM 2019 included plenary speeches, oral presentations and posters from more than 100 fellow delegates from 13 
different countries including China, United States, United Kingdom, Germany, Italy, Spain, Japan, Singapore, Australia, Mexico, 
South Africa, Ecuador and Malaysia.  More than 60 oral presentations and posters were made to present their latest research 
progress in the fields of biomechatronics, biofabrication, biological addictive manufacturing, biological manufacturing process and 
equipment, implantation/intervention/cutting instrument design and manufacturing, nanopore biosensor manufacturing, and bio-
inspired design and assembly. 

We would like to express our deep gratitude to all participants, plenary speakers, the Conference committees, session chairs, 
academic sponsors, industrial sponsors and every helper for their support for the organization of the Conference.  
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