
IFAC PapersOnLine 50-1 (2017) 3511–3516

ScienceDirectScienceDirect

Available online at www.sciencedirect.com

2405-8963 © 2017, IFAC (International Federation of Automatic Control) Hosting by Elsevier Ltd. All rights reserved.
Peer review under responsibility of International Federation of Automatic Control.
10.1016/j.ifacol.2017.08.939

© 2017, IFAC (International Federation of Automatic Control) Hosting by Elsevier Ltd. All rights reserved.

10.1016/j.ifacol.2017.08.939 2405-8963

 

     

Modularity in the design of reconfigurable manufacturing systems 
 

Khaled LAMECHE*, Najib M. NAJID**,  

Pierre CASTAGNA**, Khalid KOUISS*** 


*Institut de Recherche Technologique Jules Verne, Chemin du Chaffault, 44340 Bouguenais 

FRANCE (Tel: +33621894492; e-mail: khaled.lameche@irt-jules-verne.fr). 

**UNAM, Université de Nantes, IRCCyN, 2 avenue du Pr. Jean Rouxel-B.P. 539, 44475 Carquefou Cedex, France (e-mail: 

najib.najid@univ-nantes.fr, pierre.castagna@univ-nantes.fr). 

***Institut Pascal, Campus des Cézeaux des Landais BP80026, Aubière Cedex 63171, 

France, (e-mail: kkouis@ifma.fr) 

Abstract: According to recent results, Reconfigurable Manufacturing Systems or RMSs are the most 

efficient for manufacturing companies to adapt to the current market. This market is characterized by a 

high competitive level and very frequent and sudden variations in customer demands. Developing an 

RMS is not an easy task and a lot of work has been done in both academic and industrial fields to give 

solutions to address this issue. We can, for example, apply different methods and techniques used in the 

design of complex systems to design an RMS, these methods should be studied, analyzed, modified and 

improved if necessary before to be applied. Modularity is one of these techniques. In this paper, we will 

discuss how modularity could be used to develop RMS, and we will propose a standard approach based 

on the Design Structure Matrix to design an RMS with a modular architecture. 
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1. INTRODUCTION 

In the 21st century, manufacturing companies have to face an 

increasingly, unpredictable and frequent market changes 

caused by global competition. To remain competitive, 

companies must develop production systems that not only 

produce low-cost and high-quality products but also allow for 

rapid response to market and customer needs changes. The 

Reconfigurable Manufacturing System or RMS is a new 

concept or a paradigm that is born from this fact. 

Dedicated Manufacturing Systems or DMSs are devoted to 

produce one specific product at a high rate with a low cost. 

Manufacturing a new product with the same system is 

impossible and performing any change in the production 

volume could not be done in small steps. For each new 

product or production volume change, a new production line 

has to be deployed. Thus, DMSs are not flexible enough to 

cope with the market changes (Koren & Shpitalni, 2010). 

Flexible manufacturing systems or FMSs can deal with the 

market variations, but they are not reactive enough. The 

range of flexibility is defined at the system installation and 

any modification that is not previously planned could be 

impossible or very expensive. Also, the products 

manufactured with FMS are expensive because all the 

components to support the flexibility are installed till the 

beginning and the customer has to pay for the over-flexibilty. 

From this brief analysis, we can conclude that both DMSs 

and FMSs are incapable to satisfy the requirements (quality, 

cost and reactivity) of nowadays market. Thus, the concept of 

Reconfigurable Manufacturing System or RMS was 

introduced. This new concept could allow the production of a 

product in a minimum delay and a cost-optimized and with a 

certain quality 

Like any manufacturing system, the RMS could be 

considered as a complex system. It is designed to be able to 

adapt to its environment. During its operational life , the 

system will take different configurations. It will adapt and 

evolve, this adapting and eveolbing feature specifically will 

make it difficult to design and will introduce more 

complexity to the system. In our work, we aim to develop a 

global methodology or approach to help to design an RMS. 

We are looking for different techniques and methods used in 

the development of complex systems and trying to adapt 

them to design the RMS. Modularity is one of these 

techniques. According to Baldwin & Clark (2006), 

modularity or modularization from an engineering 

perspective helps to manage complexity. The basic idea 

underlying modular design is to organize a complex system 

(a manufacturing system for example) as a set of distinct 

components that can be developed independently and then 

plugged together. 

The rest of this paper is organized as follows: In section two, 

we will give a brief introduction about RMSs and their 

features. In section three, we will introduce modularity, its 

definition and its benefits. In section four, we will expose the 

principals of modular design. In section five, we will mention 

some methods found in the literature on how to design 

modular systems; these methods could be extended and 

applied on RMS design. We will show how Design Structure 

Matrix (DSM) could be used to design a modular 

manufacturing system. We will conclude this paper by 
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summarizing the important points that we have mentioned in 

this paper, and also we will give some perspectives to further 

research work. 

2. RECONFIGURABLE MANUFACTURING SYSTEM 

In the literature, the RMS has been given many definitions, 

but most of them use the same keywords like rapid change, 

low cost, products family, etc. The RMS is designed from the 

outset to a rapid change in the structure (physical and 

logical), to quickly adjust the production capacity and 

functionality around a family of products in response to 

sudden changes in the market, or to the intrinsic changes of 

the system. It can be created by incorporating the core 

process modules which can be rearranged or replaced quickly 

and reliably. The reconfiguration allows adding, deleting or 

changing capabilities of a particular process, a control 

system, or the structure of the machine to adjust production 

functionality and capacity in response to changing market 

demands or technologies. This type of system will be open 

architecture so that it can be improved, updated and 

reconfigured rather than replaced (Koren, et al., 1999), 

(Mehrabi, et al., 2000), (Mehrabi, et al., 2002). 

RMS has some key features that enable a high level of 

responsiveness to market needs, these features are: 

customization, convertibility, scalability, modularity, 

Integrability, and diagnosability. They should be integrated 

into the system during the earlier phases of the design process 

to ensure a high degree of reconfigurability (Koren & 

Shpitalni, 2010). 

After noting the importance of RMS, the question that arises 

is: how to design this type of systems? Several studies have 

been conducted to give some solutions on how to design an 

RMS and several issues were addressed, such as how to 

design a modular and reconfigurable machine? How to 

choose the architecture of a production system to make its 

reconfiguration easy? How to group the products in families 

to design the production system that will support them all?  

etc. But a general and standard method for designing an RMS 

as a whole has not developed yet. Recently a general 

overview of methods and supportive tools to design RMS 

was conducted and based on that, a generic design method for 

RMS was proposed in (Anderson, Brunoe, Nielsen, & Rosio, 

2016). 

In the next sections, we will show how modularity could be 

used to manage the complexity of the RMS during its entire 

life cycle; this technique is already used in the design of 

complex systems. 

As mentioned before in this section, modularity is a very 

important feature that the RMS should have, but how 

modularity can be achieved or how modular system can be 

designed? Thus, the goal of this paper is to propose a 

standard methodology to design a modular system. This 

methodology can be applied to design modular 

manufacturing systems including RMS. It is composed of 

five steps, starting by defining the system’s functions and 

finishing by identifying its modules. This methodology is 

based on the DSM (Design Structure Matrix) which is a tool 

to manage complexity. 

3. MODULARITY 

Modularity has been given many definitions in the literature; 

most of these definitions differ between them because of the 

perspective from which we consider modularity. 

From the design perspective: Modularity in design is a 

design approach that subdivides a system into smaller parts 

called modules that can be independently created and then 

used in different systems. So, modular design is a design 

which functionality is partitioned into discrete, cohesive, and 

self-contained units with well-defined interfaces that permit 

substitution of such units with similar components or 

products from alternate sources with minimum impact on 

existing units. 

From the use perspective: Holtta-Otto & de Weck, (2007) 

define modularity as using the same module in multiple 

products enabling a large variety of products while using 

more standard component types than if the different products 

did not share common modules. Also, Huang & Kusiak 

(1998) give the same definition: modularity is used to 

describe the use of standard units to create product variants. It 

aims at the identification of independent, standardized or 

interchangeable units to satisfy a variety of functions. 

Other definitions for modularity could be found in the 

literature, and we can notice that modularity has been applied 

mostly to design modular products, but a manufacturing 

system could be considered as a complex product and all the 

work done on modular products could be easily extended and 

applied to manufacturing systems. 

3.1. Advantages of modularity 

Modularity presents many benefits which we have judged 

important in the design of RMS. These advantages are 

grouped into three families according to their impact 

perspective: engineering perspective, organization 

perspective and the economic perspective. 

Engineering perspective 

Manage the system complexity: The modularity makes the 

complex nature of the system manageable by providing an 

efficient division of different tasks (Baldwin & Clark, 2006), 

and the system’s modules could be designed, produced, 

tested, verified and validated independently from each other. 

And these modules can be changed, improved and evolved 

without impacting the rest of the system. Also, modularity 

reduces the system’s architecture complexity, so the system 

architecture appears simpler and therefore easier to manage 

(Holtta-Otto & de Weck, 2007). 

Improve the system reconfigurability: The modular systems 

enable operational flexibility. The system’s modules can be 

rapidly and easily configured to meet changing operational 

requirements, this is a very important feature of modular 

systems, specifically for manufacturing systems. 
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Reduce the modifications risks: Modularity helps to decouple 

and reduce the risks of developing the system (Huang & 

Kusiak, 1998). Separating unrelated components decreases 

the chance that modifying one component will adversely 

impact the other. 

Improve the system maintainability: The modular systems are 

the easier to diagnose, maintain, repair and dispose, see 

(Huang & Kusiak, 1998), (Abdullah, et al., 2006), 

(Gershenson & Prasad, 1997) for more details. 

Enable the system modification: the modular system can be 

changed; upgraded different configurations can potentially be 

achieved by replacing one or more modules in a system 

without other changes to the overall system. (Holtta-Otto & 

de Weck, 2007), (Huang & Kusiak, 1998). 

Economic perspective: Modular systems are less expensive to 

develop and modify: by modularizing, the high costs of 

developing or modifying an entire complex engineering 

system are reduced to the costs of developing or modifying 

individual modules (Baldwin & Clark, 2006), (Holtta-Otto & 

de Weck, 2007). 

Management and organization perspective: Parallel work is 

easier on modular systems. Principally designing tasks could 

go on simultaneously on the system's modules. The 

interactions among persons and teams working on these tasks 

are simplified. Hence the start-to-finish time needed to finish 

the whole system or part of it is drastically reduced (Baldwin 

& Clark, 2006), (Sosa, et al., 2003). 

3.2. Disadvantages of modularity 

Modularity has many advantages, but it has some drawbacks 

too, like the difficult to design interfaces, the loss of global 

performances, and the gain of weight and volume because of 

the added interfaces between modules (Holtta, Eun Suk, & de 

Weck, 2005). In this work, we will focus just on the benefits 

modularity and how they can be used in the case of RMSs. 

Thus, modularity disadvantages will not be detailed in this 

paper. These details could be found in Holtta, Eun Suk, & de 

Weck, 2005). 

4. PRINCIPALS OF MODULAR DESIGN 

To achieve modular architecture, some principals and rules 

have to be respected in the earlier phases of the development 

process. Here below some of the most important principals.  

 Functions allocation: During the development process, 

once the system functions are defined, they should be 

allocated to the system's modules. One important rule 

has to be respected during the allocation or the mapping 

process between the system functions and the system 

modules. This rule is as follow: functions should not or 

must not be shared between the system’s modules. 

 Separate modules: To define the modules clearly and 

separate them, we can ask these questions: Does the 

design identify clearly modules? Does each module have 

a clearly defined purpose? Are the modules subdivided 

as far as usefully possible? Are the different modules 

verified that they do not replicate functionality? 

 Provide simple interfaces: Simple interfaces reduce the 

number of interactions that must be considered when 

checking that a system performs its intended functions. 

Simple interfaces also make it easier to reuse 

components in different circumstances. 

5. TECHNIQUES AND METHODS TO DESIGN 

MODULAR SYSTEM 

Due to the advantages of modularity, many methods to define 

the system’s modules during the design process have been 

proposed. Some of these methods are mentioned in (Holtta-

Otto & de Weck, 2007), most of them are heuristic; they 

don’t lead to the same solution even if we have the same 

problem. In (Benkamoun, et al., 2013), a general overview of 

modularity all along the manufacturing system design is 

given: modularity in product design, modularity in process 

design and modularity in system design. In this section, we 

will focus on one method to design a modular system. This 

method could be applied to design a modular manufacturing 

system. It could be applied to the system as a whole (on the 

top level of the system composition), or on its known 

subsystems or modules. The method is based on the Design 

Structure Matrix (DSM) which is a mapping technique 

between the different system’s modules (functional or 

physical). 

5.1. Design Structure Matrix 

The Design Structure Matrix is a tool or a technique for 

managing complexity. A lot of design problems could be 

addressed by this technique like designing a modular system. 

The DSM is a square matrix; it is used to relate entities of one 

kind to each other, like the modules that constitute a complex 

system, or the tasks that form a complex project. The DSM 

can model and analyze dependencies of one single type 

within one single domain. The DSM has some particular 

visual advantages including conciseness and the highlighting 

of important patterns. As the number of elements grows, the 

DSM maintains its ease of readability. The DSM analysis 

such as clustering can group functions according to their 

membership in a module. Such modularity is helpful for 

controlling the emergence of system behaviors, modifying 

the system with minimal disruption, and increasing system 

robustness and resiliency, among other benefits. The DSM 

also supports analysis of degrees of separation among 

elements, indirect and propagating effects, and emergent 

behaviors. In this section, we will show how the DSM can be 

used to design a modular system which could be a 

manufacturing system. The steps of this method are described 

through the following example which is a real case study that 

we are working on. We are designing a reconfigurable 

logistics system. This system should adapt to its environment 

as quick as possible. The Fig. 1 gives a general overview of 

this system. 

Process description 
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