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Abstract: In today’s global manufacturing environment, manufactures must 

respond to the challenges of quickly adopting new technologies and provide an 

increasing number of product varieties, while continuously increasing cost-

efficiency. Reconfigurable manufacturing systems meet these challenges through 

rapid and efficient changes in functionality and capacity. The purpose of this 

paper is to investigate a practical approach for evaluating the potential of 

reconfigurability in manufacturing companies, through a case-study in Danish 

industry. In this approach, historical production data is analyzed and focus is 

explicitly on capacity savings, which makes it applicable for decision support in 

companies that are in a transition towards becoming reconfigurable.  
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1 Introduction 

Short product life-cycles, uncertainty in product demand, and pressure for 

maintaining cost-efficiency are conditions which manufacturing companies need to 

cope with, in order to remain competitive in today’s global market [11]. Therefore, 

manufacturers need to find solutions for fast adaption of resources to varying market 

requirements, without significant losses in productivity [4]. The reconfigurable 

manufacturing system (RMS) is one of the means to this, through its ability to be 

continuously upgraded and changed, instead of being dedicated and optimized for one 

specific product model and demand situation [7]. Moreover, as the RMS is designed to 

contain the exact functionality and capacity needed to produce a given product family, 

the issues of flexible manufacturing in regards to excess flexibility, low production rate, 

and low return on investments are avoided [7]. For that reason, the reconfigurable 

manufacturing concept has been widely labelled the manufacturing paradigm of the 

future [11].  

1.1 Literature Review 

Reconfigurable manufacturing meets challenges in the current competitive 

environment that traditional manufacturing systems are not able to. However, the 



implementation of reconfigurability is still a significantly challenging task with several 

theoretical and practical problems [6], [8]. Currently, RMS research is widely 

concerned with optimization techniques for configuration selection, planning and 

scheduling techniques, and the development of reconfigurable machines. An area that 

has received only limited attention is the evaluation of RMS potential, even though 

determining the need for reconfigurability and justifying its investment is one of the 

first crucial steps in its implementation [1], [3].  

In existing research, pre-design evaluations of a RMS is currently carried out through 

economic justification models. Kuzgunkaya and ElMaraghy [5] present an RMS 

evaluation model using a fuzzy multi-objective optimization approach incorporating 

both economic and strategic objectives, such as flexibility and responsiveness. Amico 

et al. [2] propose a model that compares system alternatives based on traditional net 

present value and real options analysis. Singh et al. [9] and Abdi and Labib [1] apply 

fuzzy analytical hierarchy processing logic for the selection of manufacturing systems 

based on different criteria, such as responsiveness, product cost, operator skill, and 

convertibility. The common denominator of these contributions is the selection of 

manufacturing system alternatives based on an economic justification and a quantitative 

assessment of several different criteria. Despite the significance of these models, their 

practical applicability can be questioned. First of all, estimating anticipated costs and 

other quantitative criteria related to each system alternative may represent a highly 

difficult and time-consuming task in many companies. Secondly, these aforementioned 

models represent advanced decision support tools and conceptual selection of the best 

manufacturing system. However, manufacturing system selection also depends heavily 

on practical considerations, which complicates the use of these models in reality. 

Moreover, these models do not have explicit focus on the potential of RMS, but rather 

on justifying its implementation from an economic perspective. 

1.2 Research Question 

One potential reason for the limited research in how to evaluate RMS potential, may 

be the difficulty and lack of experience in proving RMS advantages, and the general 

uncertainty in industry about what reconfigurability actually is [3], [8]. This further 

emphasizes that when determining the need for reconfigurability in a given company, 

focus should be on highlighting easily apprehensible aspects and on increasing 

knowledge of RMS main benefits. However, the aforementioned current approaches to 

justifying RMS investment do not support this, as they focus heavily on economic 

evaluation and require much effort to apply, which is unlikely in companies that do not 

yet fully perceive and understand the real benefits of manufacturing reconfigurability.  

Based on these considerations, the following research question is formulated: how 

can the potential in reconfigurable manufacturing systems be determined for 

manufacturing companies using information and data that is readily available and how 

can the results be interpreted?  

In the following section, the method applied to answering this question and the case-

company and related data applied for determining RMS potential is described.  



2 Methodology 

In order to address the research question stated above, there are two main concerns. 

The first is the development of a method for evaluating the potential in reconfigurable 

manufacturing and the second is how to apply it and interpret the results. In order to do 

this, a case from Danish industry that produces electronic products for a water utility 

company is applied. This factory produces a large variety of different electronic 

products that in the latest years have been subject to numerous upgrades. These product 

generations, both minor and larger, have resulted in completely new and dedicated final 

assembly lines with no reuse from previous generations of assembly systems. 

Therefore, this factory is an interesting case for investigating RMS potential, as it 

exemplifies the traditional approach to manufacturing system design which is dedicated 

manufacturing lines with decreasing life-time due to rapid product changes. 

2.1 Evaluating RMS Potential 

Determining the potential in designing and operating a RMS, requires that focus is 

on the distinguishing feature of the reconfigurable system compared to the dedicated 

system, which is that its configuration can be changed over time, in order to provide 

the exact functionality and capacity needed by the market [4]. In order for a system to 

be reconfigurable, it must possess the characteristics of capacity scalability, function 

convertibility, and customized flexibility, while modularity, integrability, and 

diagnosability are supporting characteristics that enables reconfigurability [4]. 

Therefore, when evaluating RMS potential, focus should be explicitly on these three 

essential characteristics and the benefits of applying them.  

The benefit of scalable capacity is that demand and supply can be matched gradually, 

thereby avoiding situations with either excess capacity or unmet demand. In contrary, 

dedicated lines have rigid structures that do not allow for capacity change in accordance 

with market change, product upgrade, and product maturity curves [4]. The benefit of 

convertibility is that the life of a RMS is longer than the life of a dedicated line, as it 

consists of different periods satisfying different demand scenarios, in terms of product 

variety and product mix. Moreover, as a RMS has customized flexibility, it is able to 

produce all parts or products within a family. In order to summarize these RMS 

benefits, the following proposition can be formulated: in a reconfigurable 

manufacturing setting, capacity is lower than in the situation where products or parts 

have dedicated systems, as several different product generations and varieties can be 

produced simultaneously through reconfigurations. 

Narrowing attention to this proposition makes it possible to evaluate RMS potential 

based on the capacity differences between initial dedicated setups and future RMS 

setups, using readily available historical data on capacities and production output from 

industrial companies. Nevertheless, evaluating such capacity differences requires both 

that the actual dedicated setup is analysed and that it is compared to a fictional RMS 

setup based on the same historical data. Therefore, developing a fictional RMS setup is 

the key concern in the approach to evaluate RMS potential developed in this paper.  



In order to develop a RMS scenario based on actual historical data on production 

output of different product varieties and product generations, it is presumed that a 

number of reconfigurable lines are used, which can produce several product generations 

and varieties simultaneously. Moreover, as each reconfigurable line by definition is 

modular, the scenario is scalable by adding and extracting lines to the reconfigurable 

setup. Having a number of reconfigurable lines as the foundation for the reconfigurable 

scenario, the key task is to distribute the actual historical production output to the RMS 

lines, thereby dividing the historical data into different configuration periods, which 

represent the final RMS scenario.  

2.2 Data 

In order to test this approach to evaluate RMS potential, the aforementioned 

electronics factory is applied as a case. The foundation for evaluating RMS potential in 

this case is historical data on production output and capacities of production systems 

related to a specific electronics product family. More specifically, seven-year 

production output data from the case-company’s ERP system for all varieties and 

generations within the product family is extracted and used for the analysis. In the 

seven-year period that is considered here, a total of four product upgrades have occurred 

resulting in four product generations.  

The production area in focus is the final assembly of the electronics products. In this 

area, production lines are purely dedicated, meaning that all generations are produced 

on separate lines. Despite the fact that only minor changes have happened between each 

generation and all variants belong to the same product platform, there is currently no 

reuse of production equipment. Moreover, there are separate dedicated production lines 

for product variants within the same generation. In fact, the product family contains 

two main groups of variants that are sold to different market segments, here denoted as 

type A and type B. Each product generation contain both groups of variants, besides 

generation 2 that only contains type B. The two groups of variants have the same overall 

functionality, but are produced on separate dedicated production lines. Therefore, in the 

following capacity analysis of the current dedicated setup, these two types will be 

treated separately. 

3 Results 

The first step in investigating RMS potential in the case, is to compare actual 

production output on each production line with the actual available capacity. In Fig. 1 

and Fig. 2, the results of this analysis are depicted. It is evident that in the seven-year 

period that was analyzed, the total production capacity far exceeds the actual output. In 

fact, only a third of the available capacity is used on average for both type A and B 

equipment. This significant excess in capacity results from inability to gradually scale 

capacity, but also from having rigid dedicated lines that can only be used for one 

generation or only a part of the whole product family. 

 



Fig. 1. Analysis of capacity and output of type A generations  

Fig. 2. Analysis of capacity and output of type B generation 

 

The significant capacity excess in the current dedicated setup indirectly indicates 

that there is a potential in changing the approach to reconfigurable manufacturing. 

However, in order to explicitly evaluate this, the following RMS scenario is developed. 

In this scenario, the same seven-year historical data is divided into different 

configuration periods, based on significant changes in demand volume, product phase-

outs, or product introductions. In each configuration period, the reconfigurable lines 

have different setups and the capacity of the overall setup is scalable. Moreover, it is 

reasonable to include both type A and B groups of variants in the same setup, as RMSs 

by definition are able to produce a whole product family in contrary to dedicated lines. 

Therefore, in the scenario it is assumed that a number of RMS lines with fixed capacity 

is utilized, but that the overall system is scalable by adding and extracting RMS lines. 

The fixed capacity of the RMS lines and the number of lines is determined in 

cooperation with the case company.  

In order to make the RMS scenario as realistic as possible, the following restrictions 

have been developed in cooperation with the case-company. First of all, the total 

capacity of the RMS lines should be sufficient to produce the same output in terms of 

volume and product types as in the historical data. However, up to two periods in a row 

with insufficient capacity is allowed, if the previous two months have sufficient 

capacity for covering the deficit or a RMS line in the same period produced a similar 
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generation and has sufficient capacity. This restriction relates to the fact that some 

production planning and inventory can be assumed in the RMS scenario, and that both 

type A and B product can be produced simultaneously. Secondly, it is decided that 

between two consecutive configuration periods, it is only possible to change 

functionality of the RMS line from one product generation to the next. This means that 

it is only possible to change from one generation to the third over more than two 

configuration periods. This restriction relates to the convertibility of the system, which 

should match the actual possibilities in the case. In Fig. 3, the resulting reconfigurable 

scenario and a comparison of total dedicated and RMS capacity are depicted. Table 1 

summarizes each configuration of the RMS setup. It is evident that considerable 

capacity savings will follow from changing the current dedicated lines and applying 

reconfigurability. In the seven-year period that is analyzed, a capacity reduction of 

approximately 50% is possible if the current setup is changed to a reconfigurable setup 

consisting of up to eight RMS lines. This setup contain only 3 out of 84 periods with a 

capacity deficit that cannot be satisfied by the above mentioned rules. The capacity 

reduction results from having manufacturing lines that are able to produce the whole 

product family and able to be reconfigured rather than replaced. In the following 

section, these results and the related assumptions are discussed.  

 

Table 1. Configuration Periods for RMS Scenario 

Fig. 3. RMS Scenario and Comparison of Total Current and RMS Capacity 

 Conf. 1  Conf. 2 Conf. 3 Conf. 4 Conf. 5 Conf. 6 

Periods 19 months 18 months 19 months 13 months 10 months 6 months 

Line 1 Gen. 1A Gen. 1A Gen. 2B Gen. 3A Gen. 3B Gen. 3B 

Line 2 Gen. 3A Gen. 3A Gen. 4A Gen. 4A Gen. 3B Gen. 3B 

Line 3 Gen. 3A  Gen. 3A Gen. 3A Gen. 4A Gen. 4A Gen. 4A 

Line 4 Gen. 1B Gen. 1B Gen. 1B Gen. 1B Gen. 1B Gen. 1B 

Line 5 Gen. 1B Gen. 1B Gen. 1B  Gen. 4A Gen. 4A 

Line 6 Gen. 2B Gen. 2B  Gen. 3B Gen. 3B Gen. 3B 

Line 7  Gen. 3A Gen. 3A+B Gen. 3A Gen. 4B Gen. 4B 

Line 8      Gen. 4B 
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4 Discussion 

In the approach to evaluate RMS potential developed in this paper, there are three 

main assumptions. The first assumption concerns the ramp-up period after each 

reconfiguration. If the RMS lines are not able to be quickly reconfigured to a new 

product, significant losses in output volume will follow, which will reduce the RMS 

benefits. In the RMS evaluation, volume losses or downtime due to reconfigurations 

have not been incorporated, as this would have required more thorough investigations 

on the changes between generations and the technical aspects of the production 

conversion. However, in order to further explore RMS potential, it is necessary to 

investigate systematic ramp-up reduction in the RMS environment. Currently, there are 

several contributions in research on general problems and performance consequences 

encountered in the ramp-up period [10]. However, research is limited in regards to 

ramp-up and the specific challenges in modular and reconfigurable manufacturing 

systems, which seems like an important future research topic.  

The second main assumption is related to the cost and effort of refitting the 

manufacturing line to new product generations. When potential capacity savings from 

implementing reconfigurability are indicated above, it is assumed that product 

generations have sufficient commonality to be treated by the same production processes 

and equipment. In the specific case, this is a valid assumption due to a minor degree of 

change between generations that are built on the same product platform. However, 

when determining RMS potential in further manufacturing cases, this subject should be 

considered simultaneously.  

The third assumption is related to the decision of RMS line capacities. In the case, 

each line in the RMS scenario have equal and constant capacity, which is determined 

in cooperation with the case company. However, in reality the decision of system and 

line capacities is much more complicated and involves levels beyond what is covered 

in this paper. In other words, the scalability of the entire reconfigurable scenario 

developed here is achieved simply through adding or extracting RMS lines, while 

functional convertibility is assumed to be achieved on each line by changing its 

modules. In reality, reconfigurability can be achieved at numerous levels, e.g. on 

system, cell, and station level, which means that scalability and convertibility can be 

realized at more levels than considered in this paper. Therefore, an interesting topic for 

future research would be to investigate the decision of on which levels to realize 

reconfigurability and how to effectively determine the capacity of the system. 

The approach developed in this paper represents a pre-design activity that can be 

applied as decision support in companies that are in a RMS transition. The RMS 

potential is indicated by using historical data, which is considered a useable indicator 

for future potential. In this regard, it should be emphasized that the development of the 

RMS scenario is carried out with full predictability in the production output in each 

period. Thus, this approach is not intended as a means for configuring future 

reconfigurable lines, but rather as a means to highlighting performance improvement 

that could have been achieved through the application of manufacturing 

reconfigurability. In addition, this approach to evaluate RMS potential do not substitute 



the economic evaluation models that are present in the current body of RMS research, 

but rather represents a practical first attempt to evaluate the main RMS benefits.  

5 Conclusion 

One of the crucial steps in the implementation of reconfigurable manufacturing is 

the evaluation of its potential in different manufacturing settings. Therefore, the aim of 

this paper is to investigate a method for determining RMS potential, using data that is 

readily available in manufacturing companies. The approach to this focuses on potential 

capacity savings resulting from manufacturing systems where several different product 

generations and varieties can be produced simultaneously, through reconfigurations. 

Through a case-study from Danish industry, the approach is applied and historical data 

on capacities and production output are analyzed, and a reconfigurable manufacturing 

setup is developed. Moreover, through this approach to evaluating RMS potential, 

knowledge of reconfigurability is increased in the evaluated manufacturing company, 

which makes it highly applicable for decisions support in companies that are in a RMS 

transition.  
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