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ABSTRACT 

Tough market situation from one side and global competition from another side 
are persuading companies to search for new manufacturing concepts and try to 
stay competitive. But “how” to consider “new” manufacturing systems is still a 
big question mark. 
This thesis aims to analyze reconfigurability as an enabler for competitiveness 
in manufacturing systems. The frame of work in this study is “Reconfigurable 
Manufacturing System” or briefly RMS. In first chapter, some background 
about reconfigurability has been stated. Then it will continue with research 
questions, delimitations and expected results.  
Then the research methodology and challenges for applying RMS have been 
stated. This chapter explains researchers’ method for data reviewing and data 
collection.  Another focus area in this thesis is SME (Small and Medium size 
Enterprises). So this report tries also to examine reconfigurability challenges in 
SMEs. There is a big gap between “ideal” production system and “designing” of 
this ideal production system. So this thesis tried to increase the knowledge 
about design of reconfigurable manufacturing systems.   
In empirical study chapter two case studies have been analysed and as a result a 
list of challenges for implementing reconfigurable system has been proposed. 
Then some solutions and methods are proposed in order to answer to 
challenges. This solutions and methods are then discussed and evaluated.  
Finally, in last chapter, challenges and prerequisites for implementing 
reconfigurable manufacturing system in general and for SMEs in specific have 
been stated. This chapter was ended by expressing future works. 
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INTRODUCTION 

This chapter will explain the main reasons for executing this research project. It is 
started with backgrounds and wants to give a general understanding about the 
research area. Then the research questions are expressed and delimitations and 
expected results are stated.  

1.1 BACKGROUND  

Manufacturing companies in this century are facing with changing and 
fluctuating market which is caused by global competition.  From one 
side, quick introduction of new products and from another side and 
moreover, continuous changes in product demand are affecting this 
market. In order to respond to the changes and remain competitive in 
the market, companies need a manufacturing system that not only 
focuses on high quality products with low cost, but also quickly 
changes as a respond to market change and customer demand. One of 
the tools for changing quickly and keep the company competitive in the 
market is “Reconfigurable Manufacturing System”, hereafter “RMS”.  
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RMS is to equip the system with ability to add, remove or change the 
production parts according to new design and for future products. 
Companies adopting the RMS are able to rapidly respond to changes in 
the market and produce new products based on the market’s demand.  
This is therefore in line with National Research Council's report in 
1998 stating that “companies in order to compete with each other 
should be able to quickly respond to changes in customer needs and 
also changes in market opportunities. Thus, they need to develop both 
in process and product technology (National Research Council, 1998). 

1.2 RECONFIGURABILITY CONCEPT  

This part modifies and clarifies the meaning of reconfigurability in 
“RMS”. During the 80’s and before “RMS”, flexibility started to play a 
decisive role in manufacturing. “Flexible Manufacturing System” or 
briefly “FMS” was presented in order to respond to changes in 
production system, especially product variations (Sethi et al., 1990). 
Later on”FMS” was put away because of high investment costs. 
Therefore in 1990 RMS was introduced as a replacement for FMS 
which tried to respond to rapid changes in production in a cost-
effective way (Koren et al., 1999).  But, what was the most obvious 
characteristic in this new manufacturing system? A short response to 
this question is newly developed techniques in both hard part and soft 
part of manufacturing system. It was perfectly reconfigurable in both 
hard part and soft part as Koren (2007) stated: “In RMS concept much 
effort is dedicated to develop techniques and tools to enable 
reconfigurable hardware, software and layouts to respond to different 
scenarios in production system (Koren, 2007). Few years later, Koren 
modified RMS as follow: “A reconfigurable manufacturing system will 
equip system to quickly respond to changes in product. This equipment 
includes both hard part and soft part of manufacturing system and will 
make the system to rapidly adjust its product capacity and 
manufacturing functionality based on production requirements. In 
reconfigurable manufacturing system all changes are happened within a 
part family and as a respond to market changes” (Koren, 2010). 
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1.3 “RMS” CHARACTERISTICS  

According to ElMaraghy (2005), there are seven core characteristics 
for RMS defined as below: 
 

1. Automatability: the ability to change degree of automation and 
upgrade or downgrade automation in assembly level. 

2. Diagnosibility: the ability of system to automatically detect the 
current situation and understand defects in production and the 
reason for deflections. Thus, this system can control the 
operations. 

3. Modularity: the way that different elements in manufacturing 
unit change in order to response to requirements of production 
plan and obtain the best optimum arrangement to meet the 
production need. 

4. Convertibility: the ability of system to shift from one function 
to another function inside the system. For instance machines, 
tools and control interfaces to meet new production 
requirements. 

5. Scalability: the ability of system to easily change current 
production volume through changes in arrangement of 
production system (change in components). 

6. Integrability: the ability of system for putting together all 
existing modules. It should be quick and accurate and system 
will use different interfaces (mechanical, electrical, etc) for this 
purpose. 

7. Mobility: The ability to move the whole system or change the 
location of elements or subparts. 

1.4 PROBLEM FORMULATION  

Identifying challenges for implementing new manufacturing systems is 
tough work. The problem is “when” to start implementation phase and 
“which” processes need to be changed. This process is harder for SMEs 
because they have less budget comparing with big companies and they 
need to be careful when they want to change any small elements. 
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1.5 PURPOSE  

The purpose of this thesis is to increase the knowledge of 
reconfigurability in manufacturing companies. Author of this study 
believes configurability is the key for industries to compete in today’s 
market. Further in this study, reconfigurability is considered in 
realization and at start-up phase. Most companies start their production 
without considering further development in future which often causes 
problems due to lack of knowledge in initial phases. Also, previous 
studies were mostly done on big-size manufacturing companies. This 
thesis therefore focuses on the application of reconfigurability in Small 
and Medium Sized Enterprises (SMEs) to understanding their 
prerequisite for adopting this system.  

1.6 RESEARCH QUESTIONS 

Therefore research questions for this study are: 

RQ-1 How to consider reconfigurability in realization and start-up 
phase?  

RQ-2 What are the prerequisites and needs for reconfigurability in 
small and medium size industries? 

1.7 DELIMITATIONS  

The main intention for starting this thesis is to increase the knowledge 
of reconfigurability in general and for SMEs in particular. So, the first 
boundary in this thesis is the size of companies which going to review 
in next steps and also in case studies. So, the author of this thesis will 
try to make some comparison between companies with different sizes 
and from different aspects when RMS is launched. This report reviews 
reconfigurability in production system and production cells. So the 
literatures in other levels are not included in this report. For instance, 
topics about agility and transformability are not taken into account. 
At the heart of reconfigurability concept, both “production” system 
design and “product” design have been involved. It is important to do 
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these two operations simultaneously (National Research Council, 1998) 
and it is unreasonable to separate the production and product design. In 
reality and in most cases in industry, development of new production 
system is often made in the context of a product development projects. 
So many studies and researches were done in the field of product 
design and there is a need for studying production systems design. 
Therefore, production system design perspective will be taking into 
account, especially in SMEs. So, it is important to emphasize that this 
thesis tries to understand design in “production system” and not design 
for “products”.  

1.8 EXPECTED RESULTS  

As it was mentioned before, it is really important that companies, 
especially SMEs, understand the meaning of “reconfigurability” in 
manufacturing system. So, it is expected that this study increases 
industries’ knowledge about reconfigurability. Also, it is important that 
companies understand the challenges they face in first steps when it 
comes to designing a production system and processes to achieve the 
goals. These processes are important because they will affect “life 
cycle” in production system (Bellgran, 1998). Unfortunately, this step 
is missing by production system designers and thus, another 
expectation from this report is to highlight that reconfigurability must 
be put into account from the beginning and first steps of production 
system design (Koren et al., 1999). This thesis will specifically go 
through early phases when a production system is going to design 
especially in SMEs. 
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RESEARCH METHODOLOGY 

This chapter presents researcher’s method for gathering data and executing this research project. 
Data gathering methods, data analysis and data validation are expressed in this chapter. 

2.1 METHOD  

Research from perspective of application can be classified to two 
types: Pure research and applied research (Dowson, 2002). From an 
objective perspective, research can be classified to “Descriptive 
research” and “Exploratory research” as it is described below: 

Descriptive research explains detailed roots that cause the problem and 
phenomenon or gathers detailed information about the situation, or 
describes attitudes toward an issue. 

Exploratory research attempts to explore an area where little 
knowledge is known about it or investigates the possibilities for 
undertaking an especial research study.  
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This research is a combination of descriptive and exploratory research 
method. It starts with investigation and reviewing of existing literature 
about RMS and also similar concepts (i.e. Factory in-a-box) and then 
interviewing with people in IDT department who are related to 
automation projects. Also there are some interviews with people in 
industries to deeply understand the situation especially in SMEs. Two 
case studies are reviewed to examine behavior of production system in 
reality.  

2.2 RESEARCH APPROACH  

The main reason for doing a scientific research is to first understand 
the facts about a situation and phenomenon and then explain them. So 
it is important to create rigid structure for executing research and 
design scientific method for research study (Ringsberg, 2011).  

 

Based on Eriksson method, researcher’s attitude toward real world has 
great impact on choosing research approach and method. Eriksson 
classifies research approach to three categories: (1) Analytical 
approach, (2) System approach and (3) Actor’s approach. The 
analytical approach tries to understand the world purely objective. It 
sees the world in combination of interactive relations like cause and 
effect relation. All classical physics laws like Newton’s law are 
classified in this group. On the other side of this extreme there is 
actor’s approach which tries to see the world purely subjective and 
believes knowledge is not object of phenomenon (Eriksson, 2009). 

 
Between analytical approach and actor’s approach there is “system 
approach”, which considers effects of all elements inside one system to 
the whole system and to each other (Ringsberg, 2011,). This approach 
can be used for both open and close systems (in open system, the 
system relates to its surrounding area). Also this approach tries to 
explain which forces affect other parts inside the system. (Eriksson, 
2009) System approach sees every problem as part of the other one and 
divides reality into “components” (i.e. connections and transactions) 
and “elements” (i.e. nodes, components, operations). (Ringsberg, 
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2011,)  The holistic nature of RMS and its relation to other parts in 
production system leads to choosing system approach to handle this 
research. On the other hand, different kinds of components and 
relationships inside RMS and their relations together which cannot 
isolatedly be considered, proves that system approach would be an 
effective approach to handle this thesis (Table 1). 
 
 
 

1 2 3 4 5 6 
Reality as 

concrete and 
conformable 
to law from 

structure 
independent 

from the 
observer. 

 
 

Reality as a 
concrete 

determining 
process 

 
 

Reality as 
mutually 

dependent 
fields of 

information. 
 
 

Reality as a 
world of 
symbolic 
discourse. 

 
 

Reality as a 
social 

construct. 
 
 

Reality as a 
manifestation 

of human 
intentionality. 

 
 

 
 
 
 
 
 
 
 
 
 
 
 

 
Table 1. Methodological approaches related to knowledge types and views of reality (Eriksson, 2009) 

The analytical approach 

The system approach 

The actor’s approach 

Objective approach Subjective approach 
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2.3 RESEARCH PROCESS 

According to Spens and Kova´cs (2006) one can consider three 
different approaches in research process: (1) Inductive, (2) Deductive 
and (3) Abductive research. The inductive research approach tries to 
generalize a theory under investigation about specific phenomenon. 
Inductive research starts the process with observation.” Inductive logic 
observes the world and will lead to emerging propositions” 
(Sohrabpour, 2012), so in order to develop a new theory, inductive 
approach is mostly needed (Sohrabpour, 2012). But deductive approach 
tries to test a specific theory by investigating that if the theory applies 
to specific instances or not. Current theories are starting points for 
going toward deductive approach. In normal cases these theories 
should be applied into the system. In the next step and as a conclusion 
all feedbacks from applied theories should be gathered and 
corroboration or falsification of these theories will create future 
suggestions (Spens and Kova´cs, 2006,). The third approach is called 
abductive approach and starts from incomplete observations from a fact 
and proceeds to likeliest possible explanation from one phenomenon. 
Abductive approach compares two kinds of observations: from one side 
observations in empirical study and from other side theories which are 
currently exist. Then when these two approaches are not matching 
together some hypothesis starts to express. (Spens and Kova´cs, 
2006).These three approaches are comprised in table 2. 
 
Theory testing 
research 
approaches 

Research process 
starting point 

Research aim Drawing conclusions, 
development of 
hypothesis and 
propositions 

Abduction Empirical 
observations 
(unmatched by 
deviating from 
theory) 

Developing new 
understanding 

Suggestions for future 
directions, 
theory/paradigm/tool. 

Induction Empirical 
observations 
(Theory is absent) 

Developing theory Generalization/ 
transferability of result 

Deduction Theoretical 
framework 

Evaluating theory Verification or falsification 

 
Table 2. Process of testing theories (Spens and Kova´cs, 2006) 
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Theory testing approach for this thesis would be based on abductive 
research which starts from observations in case studies (Ringsberg, 
2011). The ability to develop new understanding and applying theory 
to existing situations leads to choose abductive research method for 
this thesis which is illustrated in figure 1. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

 

 

Figure 1.The abductive research process 

2.4 STRATEGIES FOR DATA COLLECTION  

Researchers suggest different strategies for data collection. Each 
strategy has its own advantages and disadvantages. Yin (2009) 
suggested five types of strategies according to research type and 
research questions:  

● Experiment focuses on contemporary events in controlled 
environments and is best meant for questions based on "how" and 
"why".  
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● Surveys apply best when questions are based on words such as 
"who", "what", "where", "how many", "how much" and focuses on 
contemporary events.  

● Analysis of archived data is most appropriate for "who", "what", 
"where", "how many" and "how much" questions. This type of 
approach is best suited to issues related to contemporary events.  

● History is best suited for historical "how" and "why" questions.  

● Case studies are best designed for contemporary "how" and "why" 
questions (Yin, 2009) 

It is not always clear which strategy to choose. Yin (2009) expresses 
that in choosing strategy for research there are three elements which 
should be considered: (1) type of research question, (2) level of control 
which researcher has over events and (3) level of focus on 
contemporary versus historical events” (Yin, 2009).  

This thesis is using “survey”, “analysis” and “case study” as its 
strategy approach. 

2.5 DATA COLLECTION 

After formulating the research questions, the approach to research and 
the strategy to collect data the data collection methodology for this 
thesis is as below:  

2.5.1 LITERATURE REVIEW 

 
In order to fully address both research questions mentioned earlier, the 
author has focused on specifications of production system in start-up 
phase as well as the challenges of RMS in SMEs.  
 
Further, the first part in literature review focuses mostly on the first 
research question and tries to understand specification of production or 
manufacturing system. To find relevant literatures, two key words were 
searched in scientific databases: “Production system design” and 
“Manufacturing system design”. Two databases were used: 
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“ScienceDirect” and “Scopus”. As Hart (2005) stated, two main stages 
for doing a research are (1) mapping the features of research and (2) 
analysing the answer.  
To be able to map the research the following questions should be 
answered within the literature review: 

1. How the production system and its part are defined? 
2. What parts are included in the production system? 
3. What are the detailed specifications of each part? 

 
Later the answers are analyzed in detail to give a general view of the 
production system. This will help to answer the first research question. 
 
In order to answer the second research question, reconfigurability 
characteristics were studied and evaluated in the literature reviews. To 
find relevant literatures, three key words were searched in scientific 
databases: “Reconfigurability characteristics”, “Production system” 
and “SME” and also combinations of these words. For example: 
“Reconfigurability characteristics in SMEs”. Three databases were 
used here: “ScienceDirect”, “Scopus” and “Google Scholar”.  
The focus here was on the SMEs and the prerequisites of 
reconfigurability in production and manufacturing systems. In addition, 
studying RMS and its definition was done in order to identify the 
characteristics that are embedded in heart of RMS. Three questions 
were therefore answered from the literature: 

1. How do these characteristics affect reconfigurability in 
production system? 

2. What are the similar characteristics to RMS? 
3. How is it possible to connect these characteristics to system 

goal?  
 

2.5.2 OBSERVATION 

It is possible to do observation about almost all phenomenons, but the 
type of research question will modify the kind of observation.  

One way to answer to those research questions which are connected to 
“what” a component do, is to watch (observe) them closely. So the 
general meaning of observation is started with: the structured 
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observation, and in next step these observations should be recorded. In 
a same way the next step will be describing and analyzing component’s 
behavior (Saunders et al., 2009). Two common type of observation are 
“Participant observation” and “Structured observation”. If the frame of 
work is more qualitative, so participant observation will be used. On 
the other hand, structured observation is quantitative and focuses much 
more on selected phenomenon (Saunders et al., 2009).  

Another classification is what Yin (1994) mentioned. He believes 
observations can range from formal to casual data collection activities. 
So in most formal way, there is a need to new instrument for 
observation and therefore, it can be developed as a part of the case 
study. Less formally, observation could be made through a field visit. 
For example, observing some data during interview. In this thesis, most 
observations were done by this method (casual observation). interview. 

2.5.3 INTERVIEW 

Interview is another method for collecting information from the people 
who are in some ways, part of or have witnessed whole or some part of 
phenomenon Yin, 2011). Less structured interviews are common 
methods for gathering data. Through this way the researcher can obtain 
general knowledge about the phenomenon (Yin, 2011). Therefore this 
type of Interview is tied with participant’s informal observation.  

Yin (2011) has also mentioned that structure of an interview might be 
changed. Generally, interviews can be classified based on their level of 
structure. Yin (2011) discussed that an interview can be conducted 
with very well defended questionnaires which all the questions were 
defined from the beginning. Other side of this extreme is a situation 
that interview, more or less similar to a discussion between the 
interviewer and the interviewee.  

In most cases, and in reality, when researchers want to conduct a 
qualitative interview based on what Merriam refers to, the result is 
semi-structured interview (Yin, 2011). This thesis used semi-structured 
interview. 
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2.6 ANALYSIS OF DATA  

For analyzing the data, it is better to categorizes all the data in 
advance. One of the best ways to categorize the data is to divide them 
to two types of qualitative and quantitative. Then it is possible to 
analyze them separately and validate them afterward.  

But what is the difference between these two types of data? The data 
obtained from a study may be in form of numbers or vice versa i.e. in 
form of non-numerical data (i.e. quantitative form). Normally, non-
numerical data or quantitative data carry out from the experiences of 
individual participants and these experiences are gathered through 
interviews, etc. But in case that data are in form of numbers, researcher 
often starts to connect these data in logical way and describe this 
relation in order to summarize the trend of numbers. In this regard, 
different type of graphs and figures are widely used. 

Analysis of data and its verification is stated in next step and needs to 
have accurate process. As a matter of fact, data analysis start in early 
phases of gathering data and it continues after that (Kvale, 1996). 
Hence, it will help researcher to design the pattern for gathering data. 

But there are also some differences in data analysis process, when 
moving from deductive approach and toward other side of extreme 
which is inductive approach. In deductive approach, researcher is 
starting with current theories which are exists. So, researcher builds 
new hypothesis based on current theories; on the other hand, and in 
inductive research project, researcher is using new data which are 
gathered by his own and tries to build a framework based on own 
experience and expectations of occurrence. It is crystal clear that it is 
possible to be somewhere between two sides of extreme. Tough, this 
type of analyzing data calls explanatory approach and it is based on a 
mixture of theory and researcher’s own expectations (Yin, 2009). 

Finally, researcher should have proper analysis about validity of 
gathered data. This process in most cases is hard to obtain and one 
reason which makes this process complicated is that the way researcher 
hold the study is not exactly controlled and properly goes forward as it 
was modified in the beginning of study. 
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2.7 VALIDATION AND RELIABILITY OF RESEARCH  

Proving a fact that all data and results in conducted research are actual 
is important and in most cases hard to validate, especially when it 
comes to qualitative data. There are two terms which are researchers 
use often when they want to analyse the quality of their research. 
These are reliability and validity. 
A good determination for reliability suggested by Easterby: 
“Reliability refers to the extent that which data collection techniques 
or analysis procedures are consistent findings” (Easterby-Smith et al., 
2008). When there is a case study in research project, reliability refers 
to the point that the reader who stands outside of research project, 
should understand the case study and elements which affecting the 
case. So reader should follow all logical relations in case study and 
comes to same conclusion or understanding that researcher reached to 
them (Karlsson, 2009). Mohideen et al. pointed that: “reliability 
involves the consistency, or reproducibility, of test scores i.e., the 
degree to which one can expect relatively constant deviation scores of 
individuals across testing situations” (Mohideen et al., 2013). However 
it was researcher’s major concern that validates data gathering and data 
analysis. In this report, for having the best reliability aspect, researcher 
tried to document all data as long as he went forward in empirical 
studies. To achieve that, researcher was tried to carefully explain all 
boundaries, delimitations, facts, prerequisites and also methods for 
gathering and analyzing data. This process was adopted from Yin. He 
states:  Researcher should make as many operational steps as possible 
and organize researches as if “someone is always looking over your 
shoulder” (Yin, 2009). 
Validity addresses the findings and tries to show results are connected 
to reality. In other word, findings are as like as they appear. So the 
results are reliable and useful. Comparing with reliability, as Robson 
stated, validity is mostly important. (Robson, 2002).There is still a 
problem in academia to explain the concept of validity when it comes 
to qualitative studies. As Winter said:” The validity is not fixed or 
single concept and if all steps in methodology goes well, then validity 
will automatically come to all particular elements of research project” 
(Winter, 2000). 
This research project studies complex system. Furthermore, 
Reconfigurable Production System is included different elements. 
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Considering this factor and also probable relation between elements, 
make the result very difficult to analyze and validate. Nevertheless to 
secure the validity of this research, researcher tried to focus on 
describing different aspects of the system and continuously determine 
elements, function and all relations. Also methods and the reason for 
choosing the method are explained. 
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FRAME OF REFERENCE 

This chapter presents the frame of references and theoretical background of research. This 
theoretical background is the foundation that this research has been based on it. The first section 
presents some theories regarding production systems and its development. However, the main 
section of this chapter is the concept of reconfigurability. This section will be followed by theories 
on design of reconfigurable production systems.  

3.1 PRODUCTION SYSTEM 

There are different definitions for production system and 
manufacturing system. Also, it is a controversial subject and it has 
been always discussed that production system, comprises 
manufacturing system or vice versa (Bellgran et al., 2010). In order to 
clarify this issue, it is better to start with terminology of these two 
words (production and manufacturing) in dictionary. 

1. Manufacturing: This English term comes from the Latin manu 
factum, which means making something with hand, and 
generally used when components or material made by physical 
labour or machine power. 

2. Production: This term comes from the Latin pro ducere which 
means the action of making something and bring it into 
existence.  
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“The international academy for production engineering” or CIRP, 
defines the two terms of manufacturing and production as below: 

1. Manufacturing is: “… a series of interrelated activities and 
operations involving the design, material selection, planning, 
production, quality assurance, management and marketing of 
the products of the manufacturing industries”. 

2. Production (or manufacturing production) is: “…the act or 
process (or the connected series of acts or processes) of actually 
physically making a product from its material constituents, as 
distinct from designing the product, planning and controlling its 
production, assuring its quality”. 

So, it is possible to consider manufacturing as superior for production. 
It means that, according to CIRP definition, “Manufacturing could be 
considered as all activities within a company from design, material 
supply, planning and production, to quality assurance, distribution, 
management and marketing. Thus, production includes the actual 
production process and the physical making of product”. (CIRP, 1990) 

In this thesis, the main focus is on production system. Choosing this 
terminology doesn’t mean that other definitions are wrong or should 
not be used. Rather the choice is related to this study’s delimitations 
concerning parts of production system subsystems.  

A production system as an example can include both production of 
parts and also assembly and in this case production system is superior 
to its subsystems (Bellgran et al., 2010). Bellgran suggested below 
hierarchical perspective for production system (figure 2). 

 

 

 

 

 

 
 

Figure 2. A hierarchical perspective on production system (Bellgran et al., 2010) 
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In reality and in most cases there are different elements (subsystems) 
which make production systems very complex. Thus, considerable time 
and effort are used to design and implement complex production lines. 
This complexity makes the production system design difficult to 
implement. Bennett and Forrester suggested that due to complexity of 
production systems, it is better to see the system as a “Black Box” 
(Bennett and Forrester, 1993). But it is important to have clear view 
from the including parts, in order to avoid sub-optimization (Bellgran, 
1998). So, the characteristics of this black box should be explained. 
Back to the first research question, there is a need to know, first, 
different systems that one company can take into account based on its 
products and second, try to find solutions for their start-up phase 
challenges. This question will be answered in “system approach”. 

What is discussed in system approach is mainly this issue that a 
complex whole can have some properties which refer to the whole 
itself, and the whole is not the same as the summation of its 
components (Checkland, 1999). So the relations between the parts 
(components) are important and should be considered, because it is 
affecting the whole (Arbnor and Bjerke, 1997). 

Seliger et al. (1987) believe that three different aspects can be 
considered in system theory: 

1. Function aspect: This is considering the behavior of system 
irrespective of its process (realization). In this aspect, system is 
considered as a black box. Raw materials are feed from one side 
(input) and processed product comes out from the other side 
(output). 

2. Structural aspect: This aspect considers the whole system as 
elements which have relation/s with each other. 

3. Hierarchical aspect: This aspect split the large and complex 
system to small parts to understand the relations and 
connections. The complex system divided to hierarchical system 
based on different factors such as organizational, functional 
or/and geographical connections. (Seliger et al., 1987) 

This is important to design the system with all of these three aspects 
and it is a challenge to not only have a functional aspect (Bennet and 
Forrester, 1993). 
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Figure 3. System aspects (Seliger et al., 1987).  

 

Also when there is a system and someone wants to apply hierarchical 
aspect on existing system, this will start with the largest function and 
then this system is divided to smaller systems and subsystems. This 
division will continue until every subsystem only has a few relevant 
functions which calls element. 

There is another approach for describing system theory. Hitomi 
believes that there are four characteristics inside any system which 
play a fundamental role. In fact, these attributes will characterize the 
system (Hitomi, 1996). 

1. Assemblage: A system includes more than one subsystem 
(element). These elements could be physical or conceptual, 
natural or artificial. 

2. Relationship: Several elements assembled together and make a 
group. But for accepting this group as a system, there must be a 
relationship or an interaction between elements. 
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3. Goal seeking: A system as a whole should have one or several 
specific objectives. 

4. Adaptability to environment: A system behaves so as to adapt to 
the changes in its external environment. The system itself has 
influence on external environment and vice versa. This 
influence involves energy and/or data that is mutually 
transformed. 

 

It is possible to define the system based on the first two attributes. 
Therefore, based on first two attributes, the system is: “a collection of 
recognizable units with relationship between them” (Hitomi, 1996) 

In same way and if modify the system based on first three attributes, 
then the system is: “a collection of components […] which have 
organized relation and work together to achieve defined goal”. (Wu, 
1994) 

But this thesis uses all four attributes. Thus “a system is known as a 
collection of recognizable elements with relation between them, and 
work together to achieve a single or multiple goals and according to its 
external environment.”(Hitomi, 1996) 

So, the definition for system which this thesis going to use is as below: 

 
“A system is a collection of recognizable elements which have 
relationships between them. They aim at specified single or 
multiple objectives subject to their external environment.” 

3.2 RECONFIGURABILITY 

In order to enter to this part and describe the meaning of 
reconfigurability and also avoid any probable misunderstandings in 
future, it is important to first have a good understanding of similar 
concepts. One similar concept is “Flexibility” and it is important to 
have good definition of this concept, since it was introduced before 
reconfigurability in manufacturing system. 
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3.2.1 THE CONCEPT OF FLEXIBILITY 

Flexibility for many years was field of interest for manufacturing 
system researchers. There are many publications about flexibility in 
academy and as a result for literature review in this field some 
definitions for flexibility are stated as follow. Early definitions of 
flexibility in manufacturing are based on adaptability to uncertainties 
(Mandelbaum, 1978). Another definition, states that flexibility could 
be assume as a measurement for calculating quantity of product variant 
(Browne et al., 1984). This is an expression that Browne called it 
“Product flexibility”. Another definition says that flexibility is ability 
of one system to change and accept different positions or status for this 
change. It is clear that these changes should be done within minimum 
time, effort and cost of performance (De Toni and Tonchia, 1998).  
Browne stated in same article that there are different types of 
flexibility. These are: Process flexibility, Production volume flexibility 
and operation flexibility (Browne et al., 1984).  Browne was detected 
at least 10 types of flexibility just in manufacturing system (Browne et 
al., 1984). Slack (1987) concluded his study and mentioned that the 
companies which are participated in his study (around 6 companies) 
considered four different types of flexibility: (1) product flexibility, 
(2) process flexibility (part-mix flexibility), (3) volume flexibility (4) 
delivery flexibility. Another point is that measurement of flexibility is 
not possible in absolute scale and it should be seen as a relative 
measurement (Andreasen and Ahm, 1988). 
Another classification for flexibility was done by Narain et al. 
(2000).It was classified flexibility over a time: long term, mid-term 
and short term flexibility. 
But one important area where the meaning of flexibility was separately 
discussed and developed is called “Flexible Manufacturing Systems” 
(FMS) (Browne et al., 1984; Kaighobadi and Vankatesh, 1994). FMS 
can be modified as below according to Mehrabi (2002, p137-138): 
 

“A programmable machining system configuration which 
incorporates software to handle changes in work orders, 
production schedules, part-programs, and tooling for several 
families of parts, with shortened changeover time, on the 
same system.” 
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Manufacturing systems start their life from job shops, which the main 
characteristics of them are general-purpose machines and significant 
human involvement. In the 80’s, and as a response to mass 
customization and quicker response to product change, “Flexible 
manufacturing” was born (ElMaraghy, 2005). The purpose of using 
flexibility through FMS is to change the capabilities or capacity of 
manufacturing system (Shewchuk and Moodie, 1997). Another lecture, 
describes FMS as a manufacturing system which based on product 
development, manufacturing and control technologies and provide the 
abilities to react consistently and predictably to customer needs 
(Andreasen and Ahm, 1988). 

Kaighobadi and Venkatesh (1994, p 39-40) conducted different studies 
and concluded that: 

“What could be generalized from the report on FMS is that in 
almost all cases there have been reported improvements in 
quality, reduction in labor and inventory costs, and increased 
responsiveness to the changes in the marketplace” 

 

 Back to the definition which presented by Jackson (2000), a flexible 
system is a system that has been designed according to its ability to 
cope with changes effectively (Jackson, 2000). Thus, in this research, 
flexibility in a manufacturing system is “system ability to robustly 
handle short term changes quickly and with low cost within existing 
production system.” (Hedelind, 2008) 

Many companies try to become more flexible, but having access to 
flexibility is not always useful, since it means the factory may have 
resources tied up but not used (Hedelind, 2008). Zahran et al. (1990) 
present set of tools for measuring flexibility and conclude that 
flexibility may have conflictions with other objectives such as 
productivity and machine utilization. Mehrabi et al. (2000) conducted 
couple of surveys and concluded that many FMS installations have 
limited product capacity and some characteristics in this system are 
never used. These characteristic are adding just unnecessary cost. 
Mehrabi saw this as a motivation and initial point for starting RMS 
concept. 
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 3.2.2 THE CONCEPT OF RECONFIGURABILITY 

Adopting from Jackson definition, reconfigurability is the ability of 
system to quickly respond to changes in needs and opportunities 
(Jackson, 2000). 

This concept is quiet new and was introduced in the last few years. 
Reconfigurability in system refers to function change and scalable 
capacity (Koren et al., 1999).The concept of reconfigurability within 
manufacturing systems has been researched in specific area called 
“Reconfigurable Manufacturing Systems” (RMS) (Mehrabi et al. 
2000a). In contrast to FMS, which tried to add up the capacity of 
system, the design of RMS is based on equipping system to enablers to 
easily do new configurations and respond to changes. So, more 
modular structures, both in hardware and software were added to 
system (Mehrabi, 2002). A fully equipped RMS is a system that 
components, machines, cells, or material handling units can be added, 
removed, modified or interchanged as a respond to changing 
requirements. Such a fully reconfigurable manufacturing system did 
not exist up to now, but it is an interesting subject for many 
researchers and so many research projects were conducted to address 
that. Proponents of RMS believe that this approach has the potential to 
decrease manufacturing costs drastically and in long term, increase 
utility in manufacturing system (ElMaraghy, 2007). Mehrabi (2002, p 
138-139) describes RMS as a system which using basic process 
modules- both hardware and software- to quickly and reliably 
rearrange. The same article describes: 

 

“A reconfigurable manufacturing system is designed for 
rapid adjustment of production capacity and 
functionality, in response to a new circumstance, by 
rearrangement or change of its components. […] 
Components may be machines and conveyors for entire 
production systems, mechanisms for individual machines, 
new sensors, and new controller algorithms.” 

 

ElMaraghy (2007) compared FMS and RMS and concluded that: RMS 
is designed to quickly respond to changes in structure of system. 
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Therefore, they could be in both software and hardware. Their final 
aim for RMS is to rearrange production capacity based on newly 
modified production value and inside product family. But FMS is a 
system that its mechanical components such as machines are preferred 
to do the tasks and in theory it was tried to keep the change-over time 
close to zero. In practice, flexible manufacturing systems include 
stations for processing and also they have material handling systems 
and all these tasks are completely controlled by computers. As Hu 
(2005) concluded in this comparison:” RMS is a manufacturing system 
with customized flexibility and FMS is a manufacturing system with 
general flexibility.” (Hu, 2005)  

 

Elmaraghy (2007) has her own understanding and concluded that: 
“RMS is a production system which provides customized flexibility on 
demand with specific focus on lead time. In comparison, FMS provides 
generalized flexibility for anticipated variations based on pre-modified 
scenarios in system. She concludes that RMS try to (1) reduce lead 
time for launching a new system and reconfiguring new system and (2) 
rapidly manufacturing products and quickly integrate new technologies 
and/or new functions into existing system (Elmaraghy, 2007). 

The main characteristics of RMS were mentioned briefly in chapter 1. 
Here, these characteristics have been defined in detail.  

3.2.3 RECONFIGURABILITY CORE CHARACTERISTICS 

There are some features and characteristics for reconfigurability which 
are pillars for reconfigurable manufacturing system (RMS). These 
characteristics were defined by different researchers. For example, 
Koren et al. (1999) mentioned them and used “RMS characteristics” to 
address these core features.   ”Key features” is an expression which is 
used by Setchi and Lagos (2004) and “reconfigurability enabler” 
proposed by ElMaraghy and Wiendahl (2009). As title of this part 
shows, this thesis uses “Reconfigurability core characteristics” in order 
to express RMS features. 

To wrap it up, reconfigurability can be defined as automatability, 
modularity, integrability, convertibility, diagnosability, scalability, and 
mobility. Another crucial factor in reconfigurability is 
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“customization”. Customization explains that the flexibility and 
capability of production system are designed based on products in 
production system (Hu, 2005; Koren, 2007). So it can be categorized as 
one of the characteristics in flexible manufacturing system and 
therefore it is not reviewed in this thesis. 

In this section the core characteristics of reconfigurable manufacturing 
systems are described: 

 

Automatability 

ElMaraghy (2007) has stated that for having reconfigurable system, 
there is a need to” have the ability to change the degree of 
automation”. She connected this ability to “assembly level” and 
mentioned that automatability is “the ability to upgrade and downgrade 
automation degree” (ElMaraghy and Wiendahl, 2009, p.17). She 
emphasizes that assembly operations (changing degree of automation) 
could be performed, both manually and automatically. 

Therefore it is possible to define three different levels for system 
assembly: (1) manual assembly (2) assembly system which has both 
types of manual and automated assembly and (3) fully automated 
assembly (Koren and Shpitalni, 2010). 

But it is a question that which level of automation is needed in order to 
enable reconfigurability in manufacturing system, especially in SMEs. 
One answer to this question was described by Koren (2010). He 
mentioned that the “complexity” of system when scaled down to its 
subparts and “product variety” are two factors which can affect this 
level (Koren and Shpitalni, 2010). But in many situations the best 
choice is manual assembly, due to human capability to easily convert 
and adapt to new tasks (Koren and Shpitalni, 2010). Thus, as 
ElMaraghy expressed: “Human operators are the most flexible 
elements in production system” (ElMaraghy, 2005). So it can be 
concluded that optimum level of automation in each situation should be 
chosen and this optimum level should be able to change the level of 
automation (Rösiö, 2012). 
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Diagnosability 

Adopting from two definitions from Koren (2010) and Mehrabi (2002), 
diagnosability is “the ability of system to detect the current situation of 
system and if system detect operational defect, diagnose the root cause 
for defection and quickly correct the operation” (Koren and Shpitalni, 
2010, p. 3). Mehrabi et al. has given more general definition. He has 
stated that diagnosability is ability of system in “quick identification of 
factors which are caused quality and reliability problems in system” 
(Mehrabi et al., 2000b, p.407). 

Detecting machine failure and also identifying any damage which make 
the product “unacceptable” are characteristics of diagnostic system 
(Koren, 2007). As a matter of fact, diagnosability requires specific 
tools to guaranty quality and reliability in system (Koren et al., 1999). 
Also in fully automated systems this ability could be referred to 
reconfigurable inspection machines (Koren and Shpitalni, 2010). 

There are different methods to guaranty quality and reliability of 
products in manufacturing systems. Complicated manufacturing 
systems are using a tool called “in-process sensing system” which is 
gathering data from product in different stations and send it to specific 
database for analysis (Apley and Shi, 2001). This method is not cost 
efficient for SMEs. Another tool is called “optical coordinate 
measuring machines” (OCMMs) and are widely used in automobile 
industries. They are built into autobody assembly lines to have roughly 
100% inspection on product quality. ”In-process probe for machine 
tools” is another example which helps to ensure the dimensional 
integrity of manufactured workpieces (Zhou et al., 2003). Hedelind has 
mentioned another technology, especially for automated cells which 
help the robot to automatically find its place in the cell and calibrate 
itself toward other elements in the cell (Hedelind, 2008). 

 

Modularity 

The most obvious characteristic of the reconfigurable manufacturing 
system is modularity (Mehrabi, 2002). Another scholar called it “key 
characteristic” of reconfigurable manufacturing system (Urbani and 
Negri, 2006). Modularity means that elements in production system are 
designed in a way that they can be interchangeable (Bi et al. 2008; 
Koren et al. 1999). It means that “a high degree of independence 
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among separate production system elements” is existed. Also 
“excellent general usability and seamless interfacing between the 
elements” was modified (Tsukune et al., 1993). The target for modular 
system is that the modules can be replaced when it is needed and 
quickly upgrade, without any down time, stop for maintenance or 
upgrades. So, the life cycle for this system will be increased (Heilala et 
al., 2006; Koren, 2007; Bi et al. 2008). 

Modularity tries to decrease number of changed parts during 
transformation from one production line to another and instead of 
changes in parts, for example tools, modules are changing during 
transformation (Schuh et al., 2005).  In modular system, the modules or 
elements will be work individually and this modularity will facilitate 
reconfigurability (Tsukune et al., 1993). 

More researches have been conducted in this field and in practice; 
modularity is achieved by modular interfaces, both in data 
transformation and mechanical elements, modular machine tools and 
system architecture (Koren et al., 1999; Mehrabi, 2002). 

 

Convertibility 

Koren (2010) has stated that convertibility is the system ability “to 
easily transform current production functionality with all subsystems 
and elements to new production system in order to meet new 
production requirements”.  Another definition states that convertibility 
is “ability of system to quickly adjust production functionality or 
production change” (Maier-Speredelozzi et al., 2003, p. 367). Koren 
(2010) believed that convertibility has characteristics of flexibility 
(Koren, 2010) and mentioned that convertibility is totally depends on 
flexibility of machines inside the system (Koren et al., 2010).  

Therefore, convertibility could be defined both in system level and also 
machine level (Maier-Speredelozzi et al., 2003). System convertibility 
is related to machines, workstations and material handling and their 
arrangement. As an example, in figure 4, two production lines are 
compared. Production flow (a) has one production line while in (b) 
there are two parallel production lines. So, when a new part introduces 
and wants to produce in production line (a) all the system must stop 
and then system should change based on new product requirements. 
Then production line can start again. But in (b) when new product 
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introduces, just one line will shut down for reconfiguration while the 
other line can continue the production (Maier-Speredelozzi et al., 
2003).  

 

 

 

 

 
 

 

 

Figure 4. System Convertibility Comparison (Maier-Speredelozzi et al., 2003) 
 

 

It is clear that system convertibility is not affected just by chosen 
configuration, but it can affect from machine convertibility (Maier-
Speredelozzi et al., 2003). For example, if machines have the ability to 
automatically change their tools (tool changer) or have multi head 
spindle, it will increase machine convertibility. Machine convertibility 
could be increased by lean tools such as SMED (Single Minute 
Exchange of Dies) (Deif and ElMaraghy, 2006). Both system 
convertibility and machine convertibility could be increased by 
training programs and also operators and engineers’ education 
(Mehrabi, 2002). 

 

Scalability 

Scalability indicates that system is capable to change base on 
production volume. This change could be happened in both directions: 
expansion or reduction (Deif and ElMaraghy, 2007). Koren stated that 
scalability in RMS explains system ability to handle production volume 
(Koren, 2010). Another definition stated that, scalability refers to 
product volume variation or fluctuation (Bi et al., 2008). 
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So, in reviewing scalability one important factor is “life cycle” of 
product. Scalability emphasizes that adjusting a production system 
should be based on production volume together with product life cycle. 
It means that when production demand is low, system should use 
simpler design and with few stages but with highly functional machine 
tools (Spicer and Carlo, 2007). On the other side, when production 
demand increases, it is possible to design a system with more stages. 
Then, the best option is to distribute tasks precisely among stages (Son 
et al., 2001). One alternative for this purpose is to increase stations and 
give a distinct task to each station in this cycle. In manual production 
systems, scalability is normally obtained through adding human 
resources and/or extending the working time (Bussmann and 
McFarlane, 1999). 

But the real problem will be arisen here: The process of allocating the 
tasks to stations (Thomopoulos, 1967). This process is hard, because 
such kind of systems are designed and optimized for fixed capacity and 
changing it to conventional and scalable system need accurate 
calculations (Son et al., 2001) 

 

Integrability 

Mehrabi et al. (2000b) has stated that integrability will equip 
“production system and its component (elements) to a system that will 
ready for both integration and introduction of new products” (Mehrabi 
et al., 2000b, p.407). 

Koren has mentioned that if machines and created modules equipped 
with integration interfaces, then integrability will reduces 
reconfigurability time and effort (Koren et al., 1999). 

Another discussion regarding integrability is that integrability could be 
referred to both system level and machine level. In the system level 
different component of system should have standard interfaces. For 
example, machines and workstations should equip with standard 
mechanical and data control system and integrate with material 
transport system (Koren, 2010). In machine level, modules should 
easily integrate with each other (Abele and Wörn, 2009). So, such kind 
of system requires standard interfaces that able to activate mechanical 
interfaces and functional interfaces (Abele and Wörn, 2009). 
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Mobility 

The first definition from mobility in reconfigurability concept has been 
stated by Lee (1997). He has stated mobility as a tool in easiness of 
moving around and also changing the location of elements and subparts 
(Lee, 1997). This definition is then completed and other features were 
added. For example, a system for moving of manufacturing system 
(ElMaraghy and Wiendahl, 2009; Nyhuis et al., 2007). These features 
will be obtained by adding some special machines or rollers 
(ElMaraghy and Wiendahl, 2009; Nyhuis et al., 2007). Also it will be 
obtained by adding a mechanism which allows to easily moving 
machine tools and other production machines by crane or fork lift 
(Groover, 2001). 

3.2.4 RECONFIGURABILITY CLASSIFICATION 

But the question still remains that for having a reconfigurable 
manufacturing system is it mandatory to have all the mentioned 
characteristics or having some of them is sufficient? 
For answering to this question, some points should be reviewed. It is 
clear that reconfigurability, with all these characteristics is wide term 
and will equip systems to some extra characteristics. But in reality, 
nature of RMS is changing in different systems and it is mostly 
depends on manufacturing system requirements. So, there is a need to 
understand which characteristics are most important in RMS. One 
classification was done by Koren (2007). He believes below scenarios 
are more probable in reality: 
 
 

1.  A system which consists of customization and scalability can 
assume to be reconfigurable. 

2. A system that consists of customization and convertibility can 
assume to be reconfigurable. 

3. A production system that consists modularity and integrability 
can be considered to be likelihood reconfigurable. 

 
Above statements show some characteristics in reconfigurability which 
are more important than the others. They are characteristics that Koren 
called them “critical reconfigurability characteristics” (Koren and 
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Shpitalni, 2010). It could be also called “essential reconfiguration 
characteristics” (Koren, 2007; Wiendahl et al., 2007). Other 
characteristics will probably lead to reconfigurability, but it is not 
guaranty production system reconfigurability (Rösiö, 2011), for 
example modularity and integrability. Generally, as Rösiö (2011) is 
suggested, it is possible to classify mentioned core characteristics.  
One group is “supporting characteristics” (Koren, 2007). It refers to 
characteristics which are helping the system to reduce its 
reconfiguration time and ramp-up time, but does not necessarily lead to 
change in functionality or capacity (Rösiö, 2011). 
Another group calls “critical characteristics” which is affecting 
reconfigurability and also functionality of system. This thesis used 
both groups. They are: 

1. “Critical charactristics”: These characteristics are affecting 
both capacity of production system and functionality of RMS. 

2. “Supporting charactristics”: These characteristics will 
decrease system reconfiguration time, but does not necessarily 
lead to better functionality or capacity of the production system 
and therefore not inevitably reconfigurability (Rösio, 2011). 

 
Another group in this classification is special type of reconfigurability 
which uses in reconfigurable assembly systems (Wiendahl et al., 2007). 
“Mobility” and “Automatability” are located in this group. This 
classification is shown in figure 5. 
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Figure 5. Categorizing Reconfigurability Characteristics (Rösio, 2011) 

3.3 PRODUCTION SYSTEM DESIGN 

It was stated in almost all literature in early 1990s that production 
system design is complex task and introduction of new machines make 
the situation more complex (Bennett and Forrester, 1993). Therefore, 
the most challenging task in production system design is to identify all 
elements which in some way have relation with the whole system 
(Bennett and Forrester, 1993). In order to successfully design the 
production system, it is important to have one structured process 
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(Bellgran and Säfsten, 2010). Furthermore, the expanding need for 
adding extra features in order to i.e. decrease lead time in the design 
process as well as increase in flexibility, makes the situation more 
complex (Bennett and Forrester, 1993). A point which is neglected 
mostly by SMEs. 
But first of all, and in order to completely understand production 
system design, some terms should modify in advance. 
The term process defines as “a series of dependent actions which 
consume resources (e.g. human, machine, time, etc) to transform input 
(materal, data, etc) to output. This output could probably use as an 
input in other stages” (Business Dictionary, 2012).  
An effective design process should explain starting point for each 
stage, techniques and “methods” which are used in each stage and 
finally different type of data (information) that each stage needs to 
perform the final output (Love, 1996). 
So another term which needs to be defined is “method”. Method is 
predicted approaches that designer believes they are necessary for 
implementing system. These approaches are working as a guide for 
system users and guaranty newly introduced product can implement in 
this system” (Bennett and Forrester, 1993).  
Despite a fact that the area of production system design is becoming 
more important in the academic field, but still, there is not a general 
agreement on the approaches that should be taken in industry (Rösiö, 
2012). Some researchers try to present a comprehensive method for 
implementing production system design process, (e.g. Bellgran and 
Säfsten, 2010; Bennett and Forrester, 1993; Wu, 1994). The results of 
these attempts are summarized in figure 6. 
Like any industrial processes, production system design process is 
started with defining a problem in initial phase. The project is started 
with defining the variables and constants such as number of products, 
budget, time, etc. Thereafter, a detailed analysis on production system 
in past and present should be done. This analysis should include market 
research analysis and environmental requirements. Then, based on the 
values that company wants from the system in future, it is possible to 
formulate the objectives of production system. The result from this 
formula is the first detail design which includes conceptual production 
system alternatives (Rösiö, 2012).  
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These alternatives are thereafter compared and evaluated to find the 
best option. This best option (final solution) is finally designed in 
detail. 
 
 
 
 
 
 
 
 
 
 
 
 
 
  
 
 
 
 
 
 
 
 
 
 

 

 

 
 

 

 

Figure 6. Actions in Production System Design (Rösiö, 2012) 
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3.3.1 RECONFIGURABLE PRODUCTION SYSTEM DESIGN 

The initial point for production system design is to realize and 
understand needs and capabilities for running new desires inside the 
system (Duda, 2000). One good example for such a capability is 
reconfigurability.  Jackson (2000) suggested a flowchart and by using 
this flowchart, it is possible to analyze whether to add 
reconfigurability to the system for new production or not (Jackson, 
2000).This flowchart is shown in figure 7. This flowchart is showing 
the need for reconfigurability should be evaluated in first step. Then 
the result of this evaluation should be analyzed and as a respond some 
suggestion should be given in accordance to the needs. Finally, these 
alternatives (suggestions) should be generated, evaluated and 
implemented (Rösiö, 2012). 
  

 

 

 

 

 

 

 

 

 

 

 

 
 

 

 

Figure 7. A model for including flexibility and reconfigurability in production system design (Jackson, 2000) 
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This flowchart can obviously analyze the need for reconfigurability, 
but it is not clearly go into details and describe different stages of 
production system design process.  

In order to describe production system design process, there are several 
aspects which must be seen. Requirements of reconfigurability, usage 
area, needed efforts, the extent of reconfigurability and delimitations 
of a reconfigurable production system are some of those aspects 
(Hiesel and Meitzner, 2007). Then it is possible to add some hardware 
and software based on system need, such as interfaces, modules 
machines, etc. 
Regarding the subsystems and elements, it was previously emphasized 
that they must be designed based on system’s requirements (Mehrabi et 
al., 2000b). Mehrabi also tried to give some suggestions for designing 
production system. He started this process by modifying part families 
and system level. After that and for completing this process, 
component level and product life cycle should be considered. 
Deif and Elmaraghy (2006) have also mentioned similar approaches. 
They have stated that for designing a production system, the first step 
is to collect market demand. Then the required capacity and 
functionality based on customer needs should be generated. This is the 
first layer in this process and input of second layer which is system-
level reconfiguration. The result is some suggestions for system-level 
reconfiguration which should be analyzed. In this analysis physical 
elements (e.g. machines), logical elements (programs) and human 
reconfiguration should be taken into account. 
Abdi and Labib (2003) have suggested a model for evaluation of the 
production system requirements. They have suggested five strategic 
objectives for this process: responsiveness, product cost, product 
quality, inventory and operator skill. But unfortunately, a general 
method for designing a reconfigurable production system was not 
described. 
Consequently, literature studies in this field (production system 
design) provide some knowledge about the factors that affecting 
production system design. For example, analyzing the need for 
reconfigurability and how to evaluate subsystems and their elements. 
However, it could not give a distinct method for implementing 
production system design. A method which explains the process step 
by step.  
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EMPIRICAL STUDIES 

Based on the methodology and frame of reference which are stated earlier, here the 
empirical approach is introduced in detail. Research questions (RQ) were presented 
earlier. Each question will be stated again and chosen method is explained to apply 
reliability in each step. In the next step interviews and cases studies for each RQ are 
explained and results for each question are listed in the end. “Reconfigurability in 
start-up phase” and “Reconfigurability prerequisites in SMEs” are the two main areas 
which are focused in this chapter. 

4.1 RECONFIGURABILITY IN START-UP PHASE 

It was previously mentioned that for examining production system this 
thesis is using holistic view (see part 2.2). As discussed in previous 
chapter, production system design and specifically designing different 
methods are the most important step in implementing reconfigurable 
system. A holistic view emphasizes that all parts are playing a role and 
thus should be considered in design process. As Checkland (1999) has 
stated, in studying production systems, it is important to consider all 
parts and relations between them. These relations are important and 
will affect the whole. 

Therefore, in this chapter first the challenges in implementing 
reconfigurability are presented. These challenges were mentioned in 
the literature, case studies for this thesis, interviews and observation 
related to the subject. Later on, the results of interviews, case studies 
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and literature are listed. Finally all results are discussed and analyzed 
in end of chapter.  

4.1.1 METHODOLOGY 

The first research question which was mentioned before has an 
explanatory character and could be answered by doing or reviewing a 
case study and experiments. The use of case study method made it 
easier to manage complexities which embedded in nature of production 
design. By using case studies the unit of analysis could be studied in 
its natural environment and in relation with other effective 
contemporary events (Yin, 2009). Therefore, a meaningful result could 
be obtained from this type of case studies (Karlsson, 2009).  

However, for completely understand the challenges in start-up phase 
(RQ1) other methods were applied here. Three interviews with the 
people who are related to production design and reconfigurability in 
manufacturing systems were conducted in order to understand the 
scientific view of challenges.  One interview in this part was conducted 
together with another master thesis project which focused on “lean 
automation” area (Delkhosh, 2012).  

The first case study is called “Demonstrator 1” which was one of the 
case studies in “Factory-in-a-Box” project. This case study was done in 
ABB Company between 2005 and 2008. The researcher has reviewed 
all related literature about this demonstrator. Then, observed this 
demonstrator closely and conducted an interview with research group’s 
project manager.  

The first research question has both quantitative and qualitative 
aspects. As discussed earlier and in methodology chapter, for gathering 
qualitative information, observation and open interview are the best 
methods. From other side and since the production group in IDT 
department in Mälardalen University is working with a lot of projects 
in production area, two interviews were conducted to ask more about 
challenges for applying reconfigurability in start-up phase. Before each 
interview, the researcher talked to interviewee and clarified the whole 
aspect of research objectives. Then interview questions were sent by 
email. To increase the quality of interview it was preferred to have 
open questions. This made interviewee to freely respond to each 
question and based on self-knowledge and experience. To keep 
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independency of answers it was asked each interviewee to keep his/her 
answers secret. After two weeks all answers were collected through 
email. After reviewing answers another meeting with interviewee was 
booked to openly talk about questions. (Open interview)  

The case study (Demonstrator 1) in ABB was closely visited and the 
facts and information which are gathered here are based on researcher 
point of view and also documents which researcher had access to them.  

4.1.2 CASE STUDY 1 

The first case study is part of a big project, called “Factory-in-the-
Box”. The “Factory-in-a-Box” project has been running for two and 
half years and overall goal with the project was to develop and 
demonstrate “Mobile Production Capacity on Demand” by developing 
four fully operative demonstrators realized and tested in industrial 
environments and in close collaboration with universities and 
participating parties. 

Five subprojects, called Demonstrator 1 to 5, have been running with 
the goal to explore and develop the factory-in-a-Box concept by 
developing theses demonstrators. 

But specifically and regarding Demonstrator 1: This was the first 
example in Factory-in-a-Box project and hence it is called 
“demonstrator number 1”. This project was developed in ABB robotics 
in Västerås, Sweden. The main target for this project was to build 
automated product modules to produce control casing for robots. 
Another goal for this project was to develop Factory-in-a-Box concept 
with all three major characteristics. 

The Factory-in-a-Box concept is based on three charactristics: 
flexibility, speed and mobility. In chapter three, similarities and 
differences between reconfigurability and flexibility was discussed. By 
studying this case study, it is possible to understand the requirements 
of flexibility (and in same way reconfigurability). Also mobility is one 
of the characteristics of RMS which this case using it partially. 

But regarding this case, researcher visited demonstrator and observed 
each characteristic. Here are some given results from this observation: 
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• Factory-in-a-Box uses- flexibility: to decrease set up time for 
assembling different components in control casing. For 
implementing flexibility, this cell is using: (1) Flexible 
equipments and (2) Specific fixtures. For quickly changing the 
fixtures, there is a need to implement reconfigurability inside 
the system. Also level of automation was observed in this 
demonstrator.  

•  Factory-in-a-Box uses- Speed: to decrease set-up time which 
will enable system to have more modules and therefore 
capability of system will drastically increase. Another tool for 
increasing speed for the whole cell is using modelling and 
simulation software and interfaces. 

• Factory-in-a-Box uses- mobility: to move physical cell inside 
the factory and also to other production site which is located 
in Norway. The tool here was some rollers.  

4.1.3 INTERVIEWS 

First part of interview was about general explanation regarding 
research title and the objectives. Then researcher asked interviewees to 
express challenges for starting up reconfigurable system. Below are 
responses for RQ1 from three interviewees. 

The first interviewee is researcher in production development area and 
did many projects regarding reconfigurability. He believes that the first 
step for applying “reconfigurability” is to ensure that this option is the 
best solution for the company. Also, industries that want to adopt new 
manufacturing systems for their production line should do case by case 
analysis and make sure that this method will work for their product 
group. Therefore, it is important to understand the company’s need, 
product volume and of course reconfigurability level. 

Obtaining enough knowledge about each component in reconfigurable 
system, when it comes to purchasing phase is another important point. 
“In most cases suppliers may not have enough information about the 
system which goes to deliver”, he mentioned and suggested to find all 
specification about the product before any other actions.  
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User interface is another challenging point in studying reconfigurable 
systems especially in start-up phase. These interfaces are not user 
friendly and in most cases key users are learning “some” feature of 
reconfigurable system. So in long term, one company cannot use 100% 
of system capabilities and it counts as waste. 

The second interview was conducted with research engineer who was 
dominant in production area. This interview was prepared and 
conducted jointly with another thesis project which focused on “lean 
automation” (Delkhosh, 2012). The interviewee is currently working 
on a project which aims to build user friendly interfaces for robot cells. 
He stated that creating an interface for a system which has 
reconfigurability characteristics is very complicated, especially for 
small and medium sized companies as they have lack of experience and 
knowledge about automation in industry. 

He believes, in many cases, companies have no idea “how” to do a 
close study about their current situation and realize the needs for 
applying a new system. He also stated that these companies cannot 
identify exactly which parts of the production or assembly system are 
suitable for change or need to have reconfigurability characteristics. 

He mentioned useful points regarding new methods of production and 
how it affects reconfigurability. He stated, in most cases, companies 
start to think about new system especially automation when they have 
large batches and low variants. He expressed: “Today focus on lean 
production leads to smaller batch sizes and increased number of 
variants and it means higher level of reconfigurability and flexibility”. 
The challenging point as he said is to how support reconfigurabality 
and flexibility in cost-effective way. 

Furthermore, some small companies are complaining about the 
complexity of new manufacturing systems (e.g. RMS), especially when 
after a while they cannot understand   how this “black box” is working. 
They say: We feed them from one side to get a processed product from 
another side. But we have no idea about what is happening inside this 
black box and how we get processed product. So, this interviewee 
suggested building transparent cells to be understandable and be less 
complex.  

An obvious difference between large enterprises and SMEs is the fact 
that large enterprises often have separate department for automation 
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and use experts in this field. This issue is neglected in SMEs because 
of limited budget and when they are applying reconfigurability they 
avoid hiring some experts. He concluded: “Expert human resources are 
as important as machine resources and companies regardless their size 
should think about it in early phases, otherwise it will affect the system 
later on.”  

 

The third interviewee is the project manager in robot manufacturing 
company. She emphasized much more on inexperienced automation 
users and stated that they have problems with finding an appropriate 
solution for their needs. The reason is that their solution cannot solve 
everything they need because it is too complex or too expensive. Such 
kinds of companies have troubles in identifying improvement areas. 
People who are working daily in production line and for decades 
cannot expect to have fresh mind view on issues. She referred to 
Toyota Company and the way they mix experienced people with young 
fresh-minded engineers to overcome to problems. 

Some companies still believe that running reconfigurable system will 
increase their barriers in production line. Such companies have “black 
box” view to reconfigurable cells and they have poor knowledge about 
reconfigurability. So, it makes them to use third party for any small 
change or even small maintenance.  

For these companies reconfigurability can be considered as a weak 
point since it increases downtimes and also decrease company’s 
independency. This interviewee wrapped up the challenges in the way 
of finding the right type and level of configuration and decreasing 
probable complexity and believed that both challenges are referred to 
the process of obtaining knowledge and technology. 

4.1.4 RESULTS 

Based on literature discussed in previous chapter, first case study and 
interviews, here are challenging areas which could be consider in 
designing reconfigurable system  in start-up phase (RQ1). To have 
better understanding about results, each challenge has been classified 
in bigger category. These challenges will be discussed and analyzed in 
section 4.3. 
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Category 1: Planning: 

In start-up phase companies should think about “investment cost”. As discussed 
earlier, they should do an analysis about their current situation and ask the 
question whether reconfigurable system is the best solution for them or not (Part 
3.2.2 (Elmaraghy, 2007); Part 4.1.3 (interviewee 1, interviewee 3)). 

Another point which discussed in detail was “dependence on third party”. 
Companies should follow correct strategy when it comes to using expertise 
from outside the company (Part 4.1.3 (interviewee 2, interviewee 3); Part 4.1.2 
(case study 1)). 
As discussed earlier, an important point in early phases is “finding the right 
level of reconfigurability”. Because if this issue is not solve in proper way, it 
may affect the whole system design later on (Part 3.2.3 (Abele and Wörn, 
2009); Part 4.1.3 (interviewee 1, interviewee 3); Part 4.1.2 (case study 1)). 

In a same way, companies should think about “right level of 
technology” for RMS cell (Part 3.2.3 (Hedelind, 2008); Part 4.1.3 
(interviewee 1)). 
Another crucial point in starting up a reconfigurable system is to think about 
“company’s need” and if there is better option/solution for company or not (Part 
3.3.1 (Duda, 2000); Part 4.1.3 (interviewee 1); Part 4.1.2 (case study 1)). 
It is suggested to think about implementation phases in advance. So, having 
“strategy for implementing reconfigurable system” is another challenge (Part 
3.3.1 (Jackson, 2000); (Rösiö, 2012); Part 4.1.3 (interviewee 1, interviewee 2); 
Part 4.1.2 (case study 1)). 
 

Category 2: Operation: 

If a company decides to go forward with RMS, one challenging point in 
operation phase would be “user interfaces” (Part 3.2.3 (Koren et al., 1999 
Mehrabi, 2002); (Abele and Wörn, 2009); Part 4.1.3 (interviewee 2, interviewee 
3); Part 4.1.2 (case study 1)). 

Having “transparent cells” is another challenging point which was stated in 
literature and by interviewees (Part 4.1.3 (interviewee 2)). 

In next step, it is supposed to create “comprehensive instruction and process for 
transparent cells” (Part 4.1.3 (interviewee 2); Part 4.1.2 (case study 1)). 
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A point which was mentioned mostly in literature is “reconfigurable 
systems maintenance”. It is of course a broad area which needs to be 
deeply studied (Part 4.1.3 (interviewee 3)). 

Interviewees discussed about inexperienced users for reconfigurable cells. So, 
the challenging issues here are “education and training users” (Part 4.1.3 
(interviewee 2, interviewee 3); Part 4.1.2 (case study 1)). 

 
4.2 Reconfigurablity pre-requisites in SMEs  

After a careful study on reconfigurability in start-up phase, now it is 
possible to focus on reconfigurability in specific company size. This 
part will focus on reconfigurability pre-requisites and needs in small 
and medium sized enterprises. Like previous part, the first section will 
describe methodology and then it continues with explaining case study 
and interviews with experts in industry and academia. Here, there is 
one case study which is trying to clarify reconfigurability challenges in 
SMEs. Since this case study aimed to present a model, so it was 
suggested to put this part after interviews to have better understanding 
about challenges and proposed model. In the end, the challenges are 
listed based on the literature, interviews and case study. 

4.2.1 METHODOLOGY 

Three interviewees were selected from IDT department in MDH 
University to ask about “Reconfigurable Manufacturing System” and 
how we could implement this system in SMEs and what are challenging 
areas. The procedure for the interviews was exactly the same as the 
previous part. Two interviews in this part are prepared jointly with 
another thesis project in “lean automation” area (Delkhosh, 2012). 
Then, one case is reviewed to closely observe what are needs and 
requirements for implementing RMS in SMEs. This case is also 
common between this research project and the mentioned thesis work. 
Hereafter, the results are analyzed based on supporting material. 

4.2.2 INTERVIEWS 

The first interviewee was a researcher in automation; he stated the first 
step in establishing an RMS for one system is to think about whole 
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“process” of “reconfigurable production system design”. No matter of 
size and production volume of the company, first item in setting up an 
RMS is to recognize current situation of the company and then identify 
future need of a company. Then it is possible to modify different 
scenarios and evaluate them by different techniques like simulation. 
But as a conclusion, he emphasized on “needs” in company. He 
followed this interview by adding his viewpoint on RMS. He declared 
that this system has made up of “soft parts” and “hard parts” and in 
creating this system it is better to put more time and effort on soft 
parts. He summarized that SMEs should mostly think about their 
current situation, budget and both short term and long term goals. 

The second interviewee (jointly conducted) is specialized in production 
system design; she concluded that RMS is mostly a concept! She 
explained that this manufacturing system is a paradigm which 
machines, machine components and material handling extensions can 
add, remove or change as a response to changing in needs 
(requirements). She continued: such kind of fully reconfigurable 
manufacturing system does not exist yet. She mentioned that RMS is 
meaningful when there is a manufacturing system around “part 
family”. She went into detail and explained 7 characteristics of RMS. 
Her maneuver was mostly on “Scalability” and “Convertibility”. For 
scalability, different studies on “production volume” in different time 
intervals must be done to have a clear picture on product family versus 
time. Regarding convertibility, she declared different steps for 
changing from one product to another. Using lean tools such as SMED 
will help to decreasing set-up time between products.  

Moreover, she claimed that SMEs should choose right level of 
automation and reconfigurability. In most cases, it is better to use 
human resources instead of using automation which costs a lot and in 
long run will not add value to manufacturing system. She suggested 
classifying RMS characteristics and observing if this features can be 
done by humans or not. For example, “Automatability”, 
“Diognasability” and “Convertibility” are some characteristics which 
could be done by humans. So, companies should decide on right type 
and level of automation in manufacturing system. Moreover, they 
should think about involving the employees in implementation. They 
can be involved from the early stage to the end to understand all 
important aspects of new system. Last but not least is the way 
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companies can incorporate system visualization to avoid automation 
cells be a black box. Companies and specially SMEs need to visualize 
different processes in the cell. They can add interfaces which are easily 
understandable and shows online status of cell and other required 
information. She summarized her interview: "The goal is to make 
automation available for all users, especially small companies. This is 
happened by reducing the complexity of the automation and focusing 
on company and customers need". 

The third interviewee (jointly conducted) is research engineer in 
production area. He stated that SMEs should have clear plan for 
educating their employees and should start this plan from early phases. 
They should let employees to be part of implementing new system.  

He emphasized on different methods for visualization and how it can 
help people to learn reconfigurable systems easier. He believed that 
companies should put much effort on this challenge and help their 
employees to learn this system, especially for SMEs. He mentioned 
some simple methods like using lights for showing flow directions. He 
mentioned that all HMIs (Human Machine Interface) should be 
simplified and employees should feel comfortable when they are using 
them.  

In the end, he gave an example about smart phones. He said: smart 
phones, if we think deeply, are really complicated devices. But user 
friendly interfaces make them easy and enjoyable to use. He was 
optimistic that a day will come that automation interfaces are easy to 
use and employees will enjoy using them!  

4.2.3 CASE STUDY 2 

The second case (jointly implemented) is a robot cell which is located 
in MDH University and formerly was used in Munktel Science Park in 
Eskilstuna, Sweden. A project was designed to re-build current robot 
cell and use it for encouraging students to automation and subsidiary 
concepts like RMS, Factory in a box, etc. As a matter of fact, this case 
study was giving an opportunity to set up an automated cell from the 
beginning and hence make it possible to study pre-requisites of 
automated manufacturing system like RMS. This case study will be 
followed by suggesting a model to identify “places” that manufacturing 
system can use reconfigurability. This case tried to investigate those 
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elements which are needed to be developed in Reconfigurable 
Manufacturing System when it comes to small and medium sized 
enterprises. In earlier case study, the importance of soft parts and 
software like educating employees and using interfaces are discussed 
in detail. This case study will help to develop hardware and identify 
places where need reconfigurability implementation. 

As discussed earlier, answering to this question that which 
characteristic in RMS should be developed in specific section of 
production line has been always a big question. This is more important 
in SMEs because they have limited budget and they cannot make big 
changes easily. This model will help companies to identify developing 
areas and start their reconfigurable system cost effectively. 

 In order to explain this model, once again core characteristics of RMS 
are explained briefly: 

• “Automatability” refers to degree of automation in assembly 
level. So it is ability of system to upgrade or downgrade degree 
of automation (ElMaraghy and Wiendahl, 2009). 

• “Diagnosability” refers to identifying the problems (quality and 
reliability) in large systems (Koren et al. 1999, Mehrabi, 2002; 
ElMaraghy 2007, Koren 2007, Bi 2008, Wiendahl 2007). 

• “Modularity” means both software and hardware system 
components are modularized for the best (optimal) arrangement 
(Koren et al. 1999, Mehrabi et al. 2000a, ElMaraghy 2007, Bi 
2008, Wiendahl 2007).  

• “Convertibility” refers to changes of exiting products to new 
products (Koren et al. 1999, Mehrabi et al. 2000b, ElMaraghy 
2007, Bi 2008, Wiendahl 2007). 

• “Scalability” refers to increase or decrease production capacity 
(ElMaraghy 2007, Bi 2008, Wiendahl 2007).  

• “Integrability” means the interfaces are easy for quick 
integration for the system, subsystems and components (Koren 
et al. 1999, Mehrabi et al. 2000a, ElMaraghy 2007, Bi 2008, 
Wiendahl 2007). 

• “Mobility” means system could easily move around, both itself 
and subparts (ElMaraghy and Wiendahl, 2009; Nyhuis et al., 2007) 
 

The impacts of all these characteristics on system have been fully 
discussed by Mehrabi (Mehrabi, 2002). This case study is trying to 



52 

answer to RQ2 and pre-requisites of reconfigurable systems in small 
enterprises. As mentioned earlier and in literature review, for having a 
complete reconfigurable unit, there is no need to have “all” above 
characteristics.  
As discussed in part 3.2.4 automatability and mobility are categorized 
in special group and they are not “critical” characteristics. It means 
that these two characteristics are used in special system which is 
mostly reconfigurable “assembly” system. 
From other side, Koren (2010) showed quite useful relationship 
between these characteristics and final aim of a system. Koren believes 
final aim of RMS is to optimize responsiveness, productivity and cost 
reduction (Koren, 2010). And productivity itself could be changed 
based on system cost and system functionality. So, productivity has 
direct relation with cost and functionality. To wrap it up, four 
advantages of using RMS would be: capacity, functionality, cost and 
responsiveness. Mehrabi discussed in same article that four 
characteristics are affecting responsiveness and reconfiguration time. 
They are modularity, convertibility, integrability and diagnosability 
(Mehrabi, 2002). 
As conclusion, for setting up a new reconfigurable system, to add value 
to whole system, optimized level (right level) of hardware (core 
characteristics) and software (interface, etc.) should be applied. 
Previous case study explained in detail the importance of software. 
This case study is mainly focusing on optimizing hardware as pre-
requisite of RMS and proposed a conceptual model.  
A conceptual model which is proposed here is using Koren’s theory 
about relationship between RMS core characteristics and system goal 
and will answer to this question that: “What” characteristics are needed 
in each production system area. It is simple matrix and creates a link 
between goals and core characteristics. Classifying each characteristic 
to one or many groups was done by author and based on literature 
which was mentioned. Table 3 shows this matrix.  
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Table 3. Conceptual model to evaluate the most necessary areas for RMS 

 
The analysis will concentrate on each of the respective production 
areas which are labeled by “process A to C” in above table. For 
example molding, painting, cutting, packing, etc. Score “1” will mark 
an area where a feature and principle of RMS is currently implemented 
in the production (100% RMS is implemented). Score “0” will mark a 
feature and a principle where it is not, and the scale between 0 and 1 
will mark areas and features which is slightly or partly implemented, 
where 0.25, 0.5 and 0.75 are mainly used. 

This is a useful model for implementing different scenarios, studying 
them case by case and optimizing the best level of reconfigurability. 

This case study is proposing a model. Unfortunately, this cell which 
was described in the beginning (case study 2) was used for education 
purposes and thus it was not possible to test it in reality and 
implementation phase (production).  

 

 



54 

4.2.4 RESULTS 

Through reading literature which is discussed, interviews and case 
study 2, below are results of studying RMS pre-requisites in SMEs. As 
mentioned before and since researcher had no opportunity to 
implement RMS cell from the beginning to the end, so these results can 
give readers just some hints to how think about pre-requisites of 
reconfigurable system in early phases. For better understanding, these 
pre-requisites are classified to two categories: soft parts and hard parts.  

Category 1: Soft parts: 

It seems that first step before implementing reconfigurable system is 
“to think about company’s current situation and future goals”. In next 
step and based on current and future status, company should make 
precise calculation about production capacity and volume (Part 3.3 
(Rösiö, 2012); Part 4.2.2 (interviewee 1)). 

Generally speaking, companies, when it comes to implementations 
phase, should think about employees and involving them in this step. 
This point in most cases is neglected (Part 4.2.2 (interviewee 2, 
interviewee 3)). 

Next point is to plan for educating employees. It is suggested to have 
rigid plan with time frame for each employee (Part 4.2.2 (interviewee 
3)). 

In parallel with educating people, some studies should be done to 
decrease complexity of reconfigurable cells (Part 3.1 (Bennett and 
Forrester, 1993); Part 3.2.3 (Koren and Shpitalni, 2010); Part 4.2.2 
(interviewee 2, interviewee 3)). 

Focusing on interfaces based on employee’s need and requirement 
(Part 3.2.3 (Koren et al., 1999; Mehrabi, 2002); Part 4.2.2 (interviewee 
1, interviewee 2)). 

Visualization of reconfigurable cell (Part 4.2.2 (interviewee 3)). 

 

Category 2: Hard parts: 

When it comes to hard part, it is better to create some scenario based 
on calculations in first step in soft parts. Based on scenarios, it is 
possible to create strategy for designing process from the early stages 
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to the end (Part 3.3.1 (Duda, 2000; Jackson, 2000); Part 4.2.2 
(interviewee 1)).   

It is important to identify right level of automation and 
reconfigurability. Proposed method in case study 2 could be followed 
to achieve this goal (Part 3.2.3 (Rösiö, 2012); Part 4.2.2 (interviewee 
2); Part 4.2.3 (case study 2)).  

Creating instruction and education material has great importance in 
making process (Part 4.2.2 (interviewee 3)). 

Using lean tools such as SMED will help to implement core 
characteristics like convertibility (Part 3.2.3 (Dief and ElMaraghy, 
2006); Part 4.2.2 (interviewee 2); Part 4.2.3 (case study)). 

4.3 DISCUSSION AND ANALYSIS 

To stand out in nowadays market and remain competitive, companies 
are using new production systems (Koren et al., 1999; Mehrabi, 2002). 
Increasing reconfigurability through different techniques and bringing 
it to production system is one way to achieve this goal (Koren, 2007), 
however reconfigurability concept is broad area and companies adopt 
different methods based on their needs and goals. One general need in 
today’s market is to monitor market demand and have quick respond to 
changes (Koren, 2010). As discussed before, one possible way to 
respond to these changes in production system is to use “reconfigurable 
manufacturing system”. This system is a new manufacturing system 
which aims to attain cost effective and rapid system changes, as needed 
and when needed, and by using its seven principals. 

The first research question aimed to identify and explain RMS 
implementation in start-up phase. It was discussed in detail that in this 
phase, it is important to obtain enough knowledge about 
reconfigurability. Moreover, this report showed a link between human 
and automation. The fact that production system is essence of people 
utilization and automation components. So, Reconfigurable 
manufacturing system is about deciding the appropriate level of 
automation with human touch involvement (Mehrabi et al., 2000b). 
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It was discussed that using interfaces can smooth this process and help 
human and machines to integrate in proper way. Having transparent 
system can also help to this integration and simplifies education 
processes. It was also mentioned that automation is not against human 
resources. In this concept, and as discussed, there are characteristics 
which can control by people and by this way companies can add value 
to their system. Characteristics like “automatability”, “diagnosability”, 
and the most important one “convertibility” (ElMaraghy, 2005; Koren 
and Shpitalni, 2010). 

The second research question addresses what are the needs and 
prerequisites of reconfigurability in SMEs. As discussed earlier 
“reconfigurable manufacturing system will equip system to quickly 
respond to changes in production system.   This equipment includes 
both hard parts and soft parts inside manufacturing system and will 
make the system to rapidly adjust its product capacity and 
manufacturing functionality and toward production requirements. In 
reconfigurable manufacturing system all changes are happened within a 
part family and as a respond to market changes” (Koren et al., 2010). 
Therefore, the main purpose of RMS is to provide exact capacity and 
functionality of system, when it is needed (Koren et al., 1999). 

So, thinking about both “soft parts” and “hard parts” has great 
importance and should study before implementation of system. Another 
issue which was discussed is part family and how it affects system 
design (Koren, 2010). It was also mentioned that some lean tools can 
help hard parts. For example implementing SMED can increase 
convertibility of system (Deif and ElMaraghy, 2006).   

As discussed earlier many research efforts has been done on exploring 
RMS core characteristics, to see how each character affects the whole 
system. But still, it is not crystal clear how each character has impact 
on reconfigurable system. This situation will become tougher when it 
comes to reconfigurability in SMEs. 

This report, tried to suggest a conceptual model to analyze and study 
the most suitable areas which RMS concept could be implemented. 
This model tried to create a link between characteristics of RMS and 
system goals. So, the first step to identify system prerequisites is to 
understand the system goals. Then, through this simple model -which 
adopted from complex matrixes which normally used in implementing 
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automation in industries - it is possible to identify the most suitable 
places for implementing different characteristics of RMS. 

In table 3, four main goals of one reconfigurable system were 
mentioned. Then, a link between these goals and 5 characteristics in 
RMS has been built. Special characteristics are not put in this matrix, 
since they are mostly used in assembly systems.  

As was mentioned previously, this project could not able to test this 
model in reality and for implementing a real RMS cell. But it is 
supposed to be effective method since it was able to build logical link 
between system characteristics and system goals. 

Another point is visualization in automated cells. Visualization can 
help to detect problems inside the line (diognasibility) and also help to 
educate employees. 

4.4 RECOMMENDATION 

Whereas reconfigurable manufacturing system is a new system in 
industry and academia, it is recommended to put much effort to realize 
different aspect of this system. It needs real industrial projects and also 
involvement of different parties both from universities and industry.  

Regarding RMS in specific and automated cells in general: 
Involvement of human resources needs to carefully study; Machines 
without involvement of human are probably not able to handle the 
tasks, however human can set these machines. Involvement of human is 
not just for programming or feeding machines. They can increase 
functionality of machines also. As discussed in detail in chapter 3, the 
role of human is not studied properly and this is huge gap which calls 
for new studies in this field.  Obviously, to have RMS cell which is 
effective in all aspects, companies need to use both human resources 
and machines to reach to the target. 

When it comes to implementation of RMS, both soft parts and hard 
parts must be investigated. In this study, it was tried to review all 
characteristics (hard parts). But for implementations phase something 
more than review is needed. Especially, for proposed method which 
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was described. In order to create the most precise matrix, “goals” and 
“characteristics” must be deeply and carefully understood. 

This study could be improved by doing more practical projects; this 
means that a project must be started for implementation of RMS in a 
company to test outcomes of this study. 

Moreover, collected data in this project are limited to special technical 
group like production engineers and programmers; however this 
subject needs cooperation of different experts like human resource 
experts, managers, logistics analyzers, etc. 
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CONCLUSIONS AND FUTURE WORK 

The last chapter expresses the conclusions from theoretical and empirical studies. Research 
questions are mentioned again and will be answered. Finally, future works are stated in last 
section. 

5.1 CONCLUSION 

The expected results on this research were to increase knowledge about 
reconfigurability in general and for SMEs in specific. Another 
expectation was to understand different challenges for implementing 
“Reconfigurable Manufacturing System”. Also as mention in expected 
results (part 1.7), it is important to understand the concept of 
reconfigurabilty and the fact that it is useful tool if understood 
correctly in initial phases.  The theoretical chapter was aimed to give 
detailed information regarding “reconfigurability” and “reconfigurable 
manufacturing system”. Also it was tried to explain what has been 
done in this field, up to now; thereafter the empirical chapter, studied 
these approaches in reality and through introducing two case studies. 
Here, the two research questions are mentioned again and answered:  
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RQ-1 How to consider reconfigurability in realization and start-up 
phase?  

As discussed earlier increasing knowledge about reconfigurability from 
one side and company’s current situation from other side are the 
triggers for implementing reconfigurable system. Therefore for 
establishing effective reconfigurable system, companies should have 
clear picture from their current situation and also have the right 
expectations from RMS. 

 A company that decides to use RMS as a solution for being 
competitive must be sure that this is the right solution for them. This 
will happen through making analysis about company’s need and desire. 
Then, as discussed in reconfigurable production system design (part 
3.3.1) these needs/desires should evaluate, analyze and then 
implement. 

The next step is to check capabilities and delimitations in 
reconfigurable system to have right expectations from this system. 
Then, it is possible to design production system. 

Part 3.3.1 was explained -in detail- most challenges in designing a 
reconfigurable system. Also a simple flow chart was suggested to 
check whether to add reconfigurability to the system or not (Part 
3.3.1). 

Another issue which was discussed is “human impact” on 
reconfigurable system. So as ElMaraghy (2005) emphasized in 
reconfigurabality system design, “physical”, “logical” and “human 
configuration” should be taken into account. 

As conclusion, obtaining enough knowledge about “company 
situation”, “reconfigurablity concept” and “human configuration” are 
the most challenging areas in designing reconfigurablity in start-up 
phase. 

 

RQ-2 What are the prerequisites and needs about reconfigurability in 
small and medium sized industries? 

As discussed earlier, the short answer to this question would be “soft 
parts” and “hard parts”. For soft parts, it was discussed that making 
reconfigurable system “easy to use” and “better to understand” has 
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great impact on system effectiveness in SMEs. Because SMEs has 
limited budget and need to work more efficient. As a result a list has 
been prepared and presented in part 4.2.4. 

Optimizing core characteristics or “hard parts” is also important 
because of same logic as mentioned above. In most cases, SMEs can 
barely find the correct place for implementing characteristics. So, this 
issue should be solved in some way. As discussed, reconfigurability is 
a broad term and as mentioned before it can be defined by number of 
characteristics. In part 3.2.4 -Reconfigurability Classification- it was 
stated that “Scalability” and “Convertibility” are critical characteristics 
and lead to capacity and functionality change of production system. 
From other side, “Modularity”, “Integrability”, “Diagnosability” are 
supporting charactiristics which reduce system reconfiguration time 
but does not necessarily lead to change in functionality or capacity of 
production system. “Automatability” and “Mobility” are special 
characteristics and they were not categorized in this classification. 

Based on importance/value of each characteristics and “system’s final 
goal” a model has been suggested in part 4.2.3 to investigate 
company’s current situation and find places to implement “core 
characteristics”. 

All in all, implementing “soft parts” and “hard parts” in effective way 
are pre-requisites of establishing reconfigurable system in SMEs. 
Discussed model can help to implement hard parts in different 
productions system areas. Implementing soft parts need much effort 
and probably need help from other sections inside the company. This 
issue was discussed in detail and a list was suggested in part 4.2.4. 

5.2 FUTURE WORK 

This study was the starting point for a long journey. In this research, a 
general aspect of reconfigurability was discussed and by this, core 
characteristics of reconfigurable manufacturing system were explained. 
However, since reconfigurability is a new concept in academia and 
between researchers, so this research focused more on realization and 
understanding of concept itself. As mentioned earlier, an area which 
needs a separate study could be “core characteristics” and impact of 
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each character to system implementation. In a same way there is a need 
to observe soft parts and impact of human on system reconfiguration. 
Another field which seems to be interesting for academia is HMI and 
different ways of decreasing system complexity. Also for future work, 
researchers can go deeply in creating a process for “maintenance” of 
RMS cells. Also and as mentioned before, There is not a complete 
method or technique for “production system design”. So, this field can 
be also observed. “Human factor” and the ways which can add value to 
reconfigurable system was explained briefly. But since human is the 
most flexible element in production system, it needs to put greater 
focus on this subject. 
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