
THE ANNALS OF "DUNAREA DE JOS" UNIVERSITY OF GALATI 
FASCICLE XIV MECHANICHAL ENGINEERING, ISSN 1224-5615 

2024 

5 

 
RECONFIGURABLE MANUFACTURING 

SYSTEMS IN THE CONTEXT OF 
INDUSTRY 4.0: ARCHITECTURE, 
BENEFITS, AND DEVELOPMENT 

PERSPECTIVES 
 

Assoc. Prof. Luiza Daschievici  
 Assoc. Prof. Daniela Ghelase 

”Dunarea de Jos” University of Galati, 
Romania 

 

 

ABSTRACT 
 

Reconfigurable manufacturing systems, RMS, represent a modern 
solution for adapting industrial processes to dynamic market requirements 
and current trends in smart manufacturing. This article presents a 
systematic analysis of the concept of reconfigurable manufacturing systems, 
highlighting the fundamental principles, architecture, and main components, 
as well as their role in the context of Industry 4.0. The essential 
characteristics of RMS systems, such as modularity, scalability, and 
integrability, which allow for rapid adaptation to changes in demand and 
product diversification, are discussed. The paper analyzes the integration of 
advanced digital technologies, including the Internet of Things, IoT 
technology, cyber-physical systems, and the Digital Twin concept, in order 
to optimize reconfiguration processes and increase operational efficiency. 
The paper also presents the main benefits and challenges associated with 
the implementation of reconfigurable manufacturing systems, with a focus 
on their impact on industrial productivity, flexibility, and sustainability. 

Finally, future research directions and emerging trends in the field of 
RMS are highlighted, underlining the importance of integrating artificial 
intelligence and standardization for the development of autonomous and 
competitive systems. The presented results contribute to understanding the 
strategic role of reconfigurable manufacturing systems in the evolution of 
modern industry. 
 
KEYWORDS: Reconfigurable Manufacturing Systems (RMS); Industry 4.0; 
Intelligent Manufacturing; Modularity; Digital Twin; IoT; Industrial 
Flexibility. 

1. INTRODUCTION 
In the current context of globalization and 

intensifying industrial competition, 
manufacturing systems are under constant 
pressure to respond quickly to changing market 
demands, characterized by product 
diversification, shortened life cycles, and 
increased customization. Traditional 
manufacturing systems, designed for high 
volumes and low variety, can no longer 
effectively meet these demands, while flexible 
manufacturing systems (FMS) often involve high 

costs and a limited degree of structural 
adaptability. 

In this context, Reconfigurable 
Manufacturing Systems (RMS) represent an 
emerging paradigm in the field of industrial 
engineering, designed to provide a higher level 
of functional and structural adaptability. These 
systems allow for rapid modification of 
equipment configuration and technological 
flows, depending on production requirements, 
thus contributing to cost optimization, reduction 
of setup times, and increase of competitiveness 
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of industrial organizations. 
The concept of reconfigurability involves 

designing manufacturing systems so that they 
can be efficiently adjusted in terms of capacity, 
functionality, and structure, without requiring 
major additional investments. The fundamental 
characteristics of RMS include modularity, 
scalability, integrability, and convertibility, 
aspects that allow for rapid adaptation to 
changes in market demand. In addition, the 
integration of Industry 4.0 technologies, such as 
the Internet of Things (IoT), cyber-physical 
systems, and the Digital Twin concept, 
reinforces the role of RMS as a central element 
of modern intelligent manufacturing systems. 

In this article, we aim to analyze the concept 
of reconfigurable manufacturing systems, 
highlighting the fundamental operating 
principles, architecture, and main components, 
as well as their advantages and limitations 
compared to other manufacturing paradigms. 
Moreover, current trends and future research 
directions are discussed, with a focus on the 
integration of RMS within smart and sustainable 
factories. 

 
2. Reconfigurable Manufacturing 

Systems – Concept and Definitions 
Reconfigurable Manufacturing Systems 

(RMS) are a distinct class of manufacturing 
systems designed to allow for rapid adjustment 
of structure and functionality to manufacturing 
requirements. Unlike traditional systems, which 
are optimized for a specific type of product or 
production volume, RMS are designed from the 
design phase to support controlled configuration 
changes without affecting the overall 
performance of the system. 

The concept of RMS was introduced in 
response to the limitations of flexible 
manufacturing systems (FMS), which, although 
offering a high degree of operational flexibility, 
involve high initial investments and a low level 
of structural adaptability. In the case of 
reconfigurable systems, the emphasis is on 
directed adaptability, namely the ability of the 
system to reconfigure itself only in the necessary 
areas, depending on the requirements of the 
product and the technological process. 

A reconfigurable manufacturing system is 
defined as a system capable of rapidly changing 
its:  production capacity, technological 
functions,  physical and logical structure, 
through standardized modules and well-defined 
integration mechanisms. 

The main characteristics that define an RMS 
are: 
- Modularity, which allows the system to 
be made up of independent functional modules 

(machines, subassemblies, control units), which 
can be added, removed or replaced with minimal 
impact on the overall system; 
- Scalability, which refers to the system's 
ability to adjust its production volume by 
expanding or shrinking the configuration; 
- Integrability, which ensures 
compatibility between hardware and software 
components, facilitating the rapid connection of 
new modules; 
- Convertibility (adaptability), which 
allows for the modification of technological 
functions to manufacture different product 
variants; 
- Diagnosability, which involves 
continuous monitoring of the system status to 
quickly identify failures or the need for 
reconfiguration. 

These features clearly differentiate 
reconfigurable manufacturing systems from 
other manufacturing paradigms and give them a 
significant advantage in industrial environments 
characterized by high variability and 
uncertainty. From a practical perspective, RMS 
are particularly used in industries such as 
automotive, aeronautics or electronics, where 
rapid adaptation to product changes, fluctuating 
volumes, and strict quality requirements is 
required.  

Therefore, RMS can be considered an 
intermediate technological solution between 
dedicated and fully flexible systems, offering an 
optimal balance between performance, cost, and 
adaptability. Unlike Flexible Manufacturing 
Systems (FMS), which are designed to manage a 
predefined variety of products, RMS are focused 
on a dynamic adaptability to completely new 
products, providing exactly the functionality and 
capacity needed at the time. 
 
3. Architecture and main components 

of reconfigurable manufacturing 
systems 

The architecture of a reconfigurable 
manufacturing system is designed to allow for 
the rapid modification of the physical and logical 
structure of the system, depending on production 
requirements. Unlike the rigid architectures of 
dedicated systems, the RMS architecture is based 
on modular principles, which ensure directed 
flexibility and long-term adaptability [1]. 

Structurally, a reconfigurable 
manufacturing system is composed of a set of 
interconnected hardware and software modules, 
organized in an open architecture. These 
modules are designed to perform specific 
technological functions and can be added, 
removed, or reconfigured without affecting the 
overall functioning of the system [2]. 
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The functional structure of an RMS system 
is based on a clear sequence of steps, from 
requirements analysis to continuous 
optimization, as shown in Figure 1. 

As shown in Figure 1, the requirements 
analysis is the starting point of the process, 
followed by hardware and software 
configuration. The hardware and software 
configuration stages allow for rapid adaptation 
of control equipment and applications. The 
integration of IoT technologies allows for the 
continuous monitoring of system operation, and 
the optimization stage ensures continuous 
improvement of operational performance. 

The diagram highlights the cyclical nature 
of the configuration process, in which each stage 
contributes to adapting the system to market 
requirements. 

 
3.1. HARDWARE COMPONENTS 

The hardware component of an RMS mainly 
includes reconfigurable machine tools (RMT), 
handling systems, modular fixtures, and 
transport equipment. Reconfigurable machine 
tools are the central element of the architecture 
and are characterized by the possibility of rapid 
changes in the functional configuration, by 
replacing or rearranging the constructive 
modules (axes, machining heads, drive units) 
[3]. 

The use of modular devices and 
standardized handling equipment allows the 
technological flow to be adapted to variable 
production requirements, significantly reducing 
setup times and costs associated with 
reconfiguration. This approach is particularly 
important in industries with a high degree of 
product customization [4]. 

Unlike conventional machining centers, 
RMTs use: 

• Modular Frames: Mechanical structures 
that allow for the reconfiguration of the degrees 
of freedom (DoF). For example, the addition of 
a rotary axis (B/C table) is achieved through 
quick mechatronic coupling. 

• Interchangeable Workheads: They allow 
for the transformation of a milling unit into an 
additive manufacturing or laser dimensional 
control unit. 

• Self-Calibration Systems: Immediately 
after physical reconfiguration, integrated 

machine vision systems perform automatic 
kinematic calibration, eliminating manual 
intervention by the technician. 
 

3.2. CONTROL SYSTEM AND 
SOFTWARE COMPONENT 

A key role in the operation of reconfigurable 
manufacturing systems is played by the control 
system, which must ensure efficient coordination 
of the modules and allow for the rapid 
reconfiguration of the system. In general, RMS 
uses distributed control architectures, in which 
each module has its own control and 
communication capabilities [5]. 

The software component is designed to 
support interoperability between modules and to 
allow for the easy integration of new 
components. Modern RMS systems integrate 
Internet of Things (IoT)-based solutions and 
cyber-physical systems, facilitating real-time 
monitoring of production processes and making 
automated reconfiguration decisions [6]. 

Moreoever, the use of the Digital Twin 
concept allows for the simulation and evaluation 
of different reconfiguration scenarios before 
physical implementation, reducing operational 
risks and optimizing system performance [7]. 

During the reconfiguration phase, the risk of 
bottlenecks is high. Digital Twins play a critical 
role: 

1. Pre-Execution Simulation: before 
operators physically move the modules, the 
configuration is tested in a virtual environment 
powered by real-time data. 

2. Flow Optimization: artificial intelligence 
algorithms (such as Reinforcement Learning) 
run thousands of scenarios to find the most 
productive machine layout. 

3. Ramp-up Monitoring: the digital twin 
compares the actual performance of the newly 
configured system with the ideal model, flagging 
any deviation in yield. 
 
3.3. MODULE INTEGRATION AND 
INTEROPERABILITY 

Effective module integration is one of the 
major challenges in the design of reconfigurable 
manufacturing systems. To ensure 
interoperability, it is necessary to use open 
communication standards and well-defined 
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interfaces between hardware and software 
components [2]. 

By implementing these principles, the RMS 
architecture allows for the creation of robust and 
scalable systems, capable of responding quickly 
to changing market demands and supporting the 
transition to the smart factories of the future. 
 

4. RECONFIGURABLE 
MANUFACTURING SYSTEMS IN 

THE CONTEXT OF INDUSTRY 4.0 
Industry 4.0 represents a new paradigm in 

the field of industrial production, characterized 
by the integration of advanced digital 
technologies, intelligent automation, and 
extensive interconnectivity between equipment, 
systems, and processes. In this context, 
reconfigurable manufacturing systems are 
considered an essential element for the 
implementation of the smart factory concept, due 
to their ability to quickly adapt to dynamic 
production requirements [8]. 

The integration of RMS within Industry 4.0 
is achieved through the use of Cyber-Physical 
Systems (CPS), which allow for the monitoring 
and control of manufacturing processes in real 
time. Through smart sensors and communication 
infrastructures, RMS components can provide 
relevant operational data, facilitating 
reconfiguration decisions based on updated 
information [9]. 

The integration of RMS into the Industry 4.0 
ecosystem is illustrated in Figure 2, which 
highlights the flow of information between the 
physical and digital levels. Data collected from 
sensors is transmitted via IoT infrastructures to 
cloud-based and edge computing platforms. 

According to Figure 2, this data is analyzed 
using artificial intelligence algorithms, whose 
results are used to generate optimization and 
reconfiguration decisions. Their implementation 
in the physical system allows for adaptive 
control, specific to smart factories. 

Based on the results obtained, operational 
decisions are generated regarding the 
optimization of production processes. The 
implementation of these decisions in the 
physical system allows for adaptive control, 
specific to smart factories, leading to increased 
efficiency and responsiveness to market 
changes. 

A central role in this integration is played by 
the Internet of Things (IoT), which provides 
connectivity between production equipment, 
control systems, and IT platforms. The use of 
IoT in RMS allows for the continuous collection 
and analysis of data on equipment status, process 
performance, and production requirements, 
contributing to the optimization of system 

configuration and increased operational 
efficiency [10]. 

The concept of Digital Twin is also 

increasingly associated with reconfigurable 
manufacturing systems. By creating a digital 
replica of the physical system, it is possible to 
simulate different reconfiguration scenarios and 
evaluate their impact on overall performance, 
before actually implementing them in the real 
environment. This approach reduces operational 
risks, downtime, and costs associated with 
structural changes [7], [11]. 

The integration of artificial intelligence and 
advanced data analysis techniques allows for the 
development of autonomous reconfiguration 
mechanisms, in which the system can anticipate 
the need to change the configuration based on 
production trends or the occurrence of 
disturbances. Thus, RMS evolves from reactive 
systems to proactive systems, capable of 
anticipatory adaptation to changes in the 
industrial environment [12]. 

By combining structural reconfigurability 
with Industry 4.0-specific digital technologies, 
reconfigurable manufacturing systems become a 
fundamental support for achieving personalized, 
sustainable, and efficient production. This 
integration strengthens the role of RMS as a 
strategic technological solution for industries 
oriented towards flexibility, innovation, and 
long-term competitiveness. 
 

5. BENEFITS AND CHALLENGES 
OF RECONFIGURABLE 

MANUFACTURING SYSTEMS 
The implementation of reconfigurable 
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manufacturing systems offers a number of 
significant benefits, especially in industrial 
environments characterized by dynamic 
requirements and high product variability. The 
main advantage of RMS lies in their ability to 
quickly adapt the system configuration to 
changes in demand, without the need for major 
investments in completely new equipment [1], 
[3]. 

A major benefit is the long-term cost 
reduction achieved by reusing modules and 
avoiding over-sizing production capacities. By 
targeted adjustment of functions and production 
volume, RMS allows for a more efficient use of 
resources, contributing to increased productivity 
and reduced downtime [2], [4]. 

RMS also offers a high level of operational 
flexibility, facilitating rapid transition between 
different product variants. This feature is 
particularly important in industries such as 
automotive or electronics, where product life 
cycles are short and diversification is high [5]. 

However, the implementation of 
reconfigurable manufacturing systems is also 
associated with a number of challenges. One of 
the main difficulties is the complexity of system 
design and control, determined by the large 
number of possible configurations and the need 
for efficient coordination of modules [6].  

In addition, the initial investments required 
to develop standardized modules and control 
infrastructure can be significant, especially for 
small and medium-sized enterprises. Moreover, 
the lack of universal standards for 
interoperability can make it difficult to integrate 
components from different suppliers [7]. 

Therefore, the success of RMS 
implementation depends on a careful analysis of 
production requirements, an appropriate design 
of the system architecture, and the adoption of 
effective control and integration strategies. 

 
6. ECONOMIC ANALYSIS AND 

SUSTAINABILITY 
From a financial perspective, RMS offers a 

superior long-term TCO (Total Cost of 
Ownership). Although the initial cost of 
reconfigurable modules is approximately 15-
20% higher than dedicated ones, the savings 
come from: 

• Avoidance of obsolescence: The system 
does not become obsolete when the product 
changes; the modules are simply rearranged. 

• Energy Efficiency: Scalability allows 
redundant modules to be turned off during 
periods of low demand. 

• Sustainability: Reducing industrial waste 
by reusing hardware assets for multiple product 
generations. 

7. FUTURE TRENDS AND 
RESEARCH DIRECTIONS IN RMS 

The evolution of reconfigurable 
manufacturing systems is closely linked to 
technological progress and the expansion of 
Industry 4.0 concepts. One of the main research 
directions is the integration of artificial 
intelligence into decision-making processes 
regarding system reconfiguration. Machine 
learning algorithms can be used to anticipate 
changes in demand and optimize system 
configuration in real time [12], [13]. 

Another important direction is the 
development of autonomous manufacturing 
systems, in which reconfiguration is performed 
with minimal human intervention. In this 
context, the combination of RMS, Digital Twin, 
and advanced data analytics allows for 
continuous performance evaluation and 
proactive system adaptation [11], [12], [14]. 

Recent research also highlights the role of 
RMS in achieving sustainable production, by 
reducing resource consumption and waste 
generation. Reusing modules and efficiently 
adapting capacities contribute to reducing 
environmental impact, an increasingly relevant 
aspect in the context of current regulations and 
social obligation requirements [12], [13], [15]. 
In the future, an increase in the level of 
standardization and interoperability between 
RMS components is expected, facilitating their 
integration into complex industrial ecosystems. 
These developments will strengthen the position 
of reconfigurable manufacturing systems as a 
key technological solution for smart factories, 
oriented towards flexibility, efficiency, and 
innovation. 

 
8. CONCLUSIONS 

This article has analyzed the concept of 
reconfigurable manufacturing systems, 
highlighting their role in adapting industrial 
processes to current market requirements, 
characterised by excessive variability and quick 
product lifestyles cycles.Through the principles 
of modularity, scalability, and integrability, 
RMS systems offer an efficient technological 
solution for achieving flexible and competitive 
production. 

This paper presents the main characteristics 
and components of reconfigurable 
manufacturing systems, as well as how they can 
be integrated into the Industry 4.0 paradigm. The 
analysis highlighted the importance of cyber-
physical systems, the Internet of Things, and the 
Digital Twin concept in optimizing 
reconfiguration processes and increasing the 
level of automation and intelligence of 
production systems. 
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The benefits and challenges associated with 
implementing RMS were also discussed, 
highlighting the need for a systematic approach 
in the design and operation of those systems. 
Although the initial investments and 
technological complexity may represent 
significant barriers, the long-term benefits, such 
as cost reduction, increased productivity, and 
operational adaptability, justify the growing 
interest in this paradigm. 

In the future, the development of 
reconfigurable manufacturing systems will be 
significantly influenced by advances in artificial 
intelligence, advanced data analytics, and 
industrial standardization. The integration of 
these technologies will allow for the creation of 
autonomous systems, capable of proactively 
adapting to changes in the production 
environment and supporting the transition to 
smart and sustainable factories. 

Therefore, reconfigurable manufacturing 
systems can be considered a strategic direction 
in the evolution of modern industry, offering an 
optimal balance between performance, 
flexibility, and economic efficiency. The results 
presented in this article can be a starting point 
for future research and the development of 
advanced industrial applications based on the 
principles of reconfigurable. 
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