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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. 
Peer-review under responsibility of the scientific committee of the 28th CIRP Design Conference 2018. 
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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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Editorial: Enhancing design through the 4th Industrial Revolution Thinking 
 
This Procedia CIRP volume entails the proceedings of the 30th CIRP Conference on Design (CIRP Dn 
2020), hosted on 5 – 8 May 2020 by the Tshwane University of Technology, Pretoria, South Africa. The 
conference was scheduled to be held at the Kruger National Park in South Africa but sadly due to the 
global pandemic, the event was held online. The conference is a continuation of the history of 
production engineering design engagements under the banner of the International Academy for 
Production Engineering (CIRP). The theme of the 2020 conference was “Enhancing Design through the 
4th Industrial Revolution Thinking”. An online platform was provided for CIRP members, engineers, and 
young researchers to engage on concepts and vigorously debate knowledge on topics concerning 
design in production engineering. 
 
The Fourth Industrial Revolution continues to challenge the design approaches in the pursuit of 
improving the contribution of manufacturing to the GDP of countries especially in the Global South. 
Companies involved in the business of manufacturing are finding that conventional approaches to 
design for production are quickly becoming obsolete. This is more pronounced in the developing 
countries as continually those organisations that are failing to innovate in their design approaches are 
finding that, globally agile companies are depleting even their local market share. In general small, 
micro and medium enterprises in production engineering design often experience this phenomenon 
at a high level, resulting in negatively affecting their bottom line. 
 
The research questions that are important to be discussed in shaping the future of production 
engineering design as the age of the Fourth Industrial Revolution continues, mainly the Internet-of-
Things (IoT) Technologies, Cyber-Physical Systems, the digital twin, haptic design as well as X-reality. 
From a sustainability perspective, issues on design include circular economy, remanufacturing, and 
product-lifecycle engineering. From the education perspective, issues such as design education, 
learning as well as teaching factories, design thinking, human-centred design, and deep learning. From 
a manufacturing process perspective, questions are being asked about design in additive 
manufacturing and other advances in process design. This proceeding delves into and explores all 
these issues extensively.   
 
This year organisers received 232 full paper submissions and all reviews have been carefully provided 
by an International Scientific Committee and independent reviews. At least two reviews where 
received per paper. Finally 143 papers were accepted as the final papers with others being rejected 
or being withdrawn by authors. These papers covered a liberal spread of topics on design from the 
process itself to case studies on design and the role the Fourth Industrial Revolution thinking 
contributes to shaping the future of design in production engineering. Three keynotes where 
presented. One was on AR/VR/MR/XR and the critical role it continues to play in production 
engineering design. Another paper focused on the development of cloud manufacturing as an 
important design and collaboration platform across countries. The third keynote focused on 
developments of design in a developing country and the key role it is playing in driving competitiveness 
of manufacturers and other organisations related to the sector. 
 
It is with gratefulness that as the editors and organisers of the 30th Design Conference Proceedings, 
editors are thankful to the STC Dn Officers Prof Rainer Stark, Prof Tetsuo Tomiyama and Prof Nabil 
Anwer. The volunteers are also appreciated for the key role they played in organising a smooth and 
successful online event. Our heartfelt appreciation is given to the members of the International 
Scientific Committee and peer reviewers for evaluating papers promptly. Our valued sponsors 
including, the Tshwane University of Technology, the Gibela Rail Transport Consortium, and the 
National Research Foundation through the DSI NRF SARChI in Future Transport Manufacturing who 
collectively contributed to the successful realisation of CIRP Design 2020 conference. This proceeding 
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enlightens the production engineering community on current and future design achievements in 
production engineering, on how the 4th Industrial Revolution thinking can be utilised to pave a brighter 
future for all while highlighting the design research challenges that still need to be resolved in the 
future. 
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