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Abstract

Modern manufacturing industries are facing continuous changes in product
design, demand variation and shorter product life cycles. Traditional machine
tools are usually designed for specific tasks and they do not easily adapt to these
changes. Because of this limitation, manufacturers are looking for more flexible
solutions in production systems. Reconfigurable Machine Tools (RMTSs) are one
of the important technologies developed to support flexible manufacturing lines.
These machines can be rapidly adjusted in structure, functionality and capacity
according to the production requirements.

The concept of reconfigurable machine tools focuses on modular design,
scalability and convertibility which allow machines to change their
configuration for different machining operations. This approach reduces
production cost, increases productivity and improves manufacturing efficiency.
RMTs are widely used in industries where product variety and demand
fluctuations are common, such as automotive, aerospace and electronics

manufacturing.

This paper reviews the concept, design principles and architecture of
reconfigurable machine tools used in flexible manufacturing lines. It also
discusses important components such as modular structures, control systems,
tooling arrangements and machine configurations. Advantages, challenges and

industrial applications of RMTs are also presented. The study shows that

98 Page 98-112 © MANTECH PUBLICATIONS 2020. All Rights Reserved



Journal of Modern Mechanical Systems and Machining

MANIECH

Publications Volume 3, Issue 2, July-December 2020

reconfigurable machine tools can significantly improve manufacturing

flexibility and help industries respond quickly to changing market demands.

Keywords: Reconfigurable Machine Tools, Flexible Manufacturing Systems,
Modular Design, Manufacturing Flexibility, Smart Manufacturing

INTRODUCTION

Manufacturing industries today are experiencing rapid changes due to global competition and
increasing customer demands. Companies must produce a wide variety of products while
maintaining high quality and low production cost. Traditional dedicated manufacturing
systems are designed to produce large quantities of a single product. These systems are very

efficient for mass production but they lack flexibility when product design changes.

Flexible Manufacturing Systems (FMS) were introduced to overcome some of these problems.
However, even FMS systems have certain limitations because they are often expensive and
sometimes difficult to modify for new product types. In recent years, the concept of
Reconfigurable Manufacturing Systems (RMS) has been proposed to provide better

adaptability.

Reconfigurable Machine Tools are an important part of RMS. These machines are designed
with modular structures so that their configuration can be changed easily according to
production requirements. The main idea is to design machines that can quickly adjust their

hardware and software to perform different machining tasks.

Reconfigurable machine tools allow manufacturers to add or remove machine modules, change
spindle arrangements or modify tool paths depending on the product being manufactured.
Because of this capability, they provide high flexibility with relatively lower cost compared to

traditional systems.

Many researchers have studied the design and implementation of RMTs in flexible
manufacturing lines. Their research shows that reconfigurable machines can reduce downtime,

improve productivity and support mass customization.
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CONCEPT OF RECONFIGURABLE MACHINE TOOLS

Reconfigurable Machine Tools (RMTSs) are a new generation of machine tools developed to
meet the changing needs of modern manufacturing industries. Traditional machine tools are
generally designed for a fixed set of operations and once installed, their configuration remains
mostly unchanged throughout their lifetime. This approach works well in mass production
environments where the same product is manufactured in very large quantities. However, in
today’s competitive market, product designs change frequently and companies must respond
quickly to customer demands. Because of this, machine tools need to be more adaptable and

flexible.

Reconfigurable machine tools are machines that are specifically designed to be easily
modified, upgraded or rearranged so that they can perform different manufacturing
operations when required. Instead of replacing the entire machine, certain components of the
machine can be changed or reconfigured. This helps industries save time and reduce investment

cost.

One of the main differences between conventional machine tools and RMTs is the modular
design concept. In conventional machines, most components are permanently integrated into
the machine structure. In contrast, RMTs consist of several independent modules such as
spindle units, axis modules, control units and tooling systems. These modules can be assembled
or disassembled depending on the machining requirement. Because of this modular structure,

the machine can adapt to new tasks without major modifications.

The main purpose of reconfigurable machine tools is to provide manufacturing flexibility
while maintaining high productivity. Manufacturing flexibility refers to the ability of a
production system to handle different product types, variations in production volume and
changes in machining processes. By using RMTs, industries can quickly modify their
production lines when a new product design is introduced. This reduces the need for purchasing

new machines and minimizes production downtime.

Another important objective of RMTs is capacity scalability. In many industries, product
demand may increase or decrease over time. With reconfigurable machines, manufacturers can

increase production capacity by adding additional modules such as spindle heads or tool
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stations. Similarly, when demand decreases, some modules can be removed or deactivated.

This makes the production system more efficient and cost-effective.

The concept of RMTs was introduced as part of the broader concept of Reconfigurable
Manufacturing Systems (RMS). RMS aims to create manufacturing systems that can quickly
adjust their production capabilities according to market requirements. Within this system,
reconfigurable machine tools act as the core equipment responsible for performing machining
operations. The development of RMTs was motivated by the need to achieve both flexibility

and efficiency, which are often difficult to combine in traditional manufacturing systems.

A typical reconfigurable machine tool includes several important features that enable its
adaptability. One of the key features is a modular machine structure. In this structure, the
machine is built from multiple modules such as base frames, column units, spindle heads and
guideway systems. Each module performs a specific function and can be replaced or rearranged

when necessary. This modularity makes the machine easier to upgrade and maintain.

Another important feature is the use of interchangeable spindle units. Spindle modules are
responsible for holding and rotating the cutting tool during machining operations. In RMTSs,
different spindle units can be installed depending on the machining requirement. For example,
high-speed spindles may be used for precision milling, while heavy-duty spindles may be used
for drilling or boring operations. The ability to interchange spindle units allows the machine to

perform a wider range of manufacturing tasks.

Flexible tooling arrangements also play an important role in reconfigurable machine tools.
Tool magazines and automatic tool changers can store multiple cutting tools and switch
between them during the machining process. This reduces setup time and improves production
efficiency. In addition, tooling systems can be adjusted according to the geometry and material

of the workpiece.

Another feature of RMTs is the presence of adjustable machine axes. Machine axes control
the movement of the cutting tool or workpiece along different directions such as X, Y and Z
axes. In reconfigurable machines, the number and orientation of these axes can be modified

depending on the required machining operation. Some machine configurations may include
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additional rotational axes to perform complex machining tasks.

Finally, programmable control systems are essential for managing the operation of
reconfigurable machine tools. Modern RMTs use computer numerical control (CNC) systems
and advanced software to coordinate machine modules and machining processes. When the
machine configuration is changed, the control system updates the machining parameters and

ensures proper synchronization between all modules.

Because of these features, reconfigurable machine tools are capable of performing different
machining operations such as drilling, milling, turning and boring within the same system.
This versatility makes them highly suitable for flexible manufacturing environments where

product variety is high and production requirements change frequently.

KEY CHARACTERISTICS OF RECONFIGURABLE MACHINE TOOLS

Reconfigurable Machine Tools (RMTSs) are designed with special characteristics that make
them different from traditional machine tools. Conventional machines are usually built for a
specific production purpose and their structure is fixed for most of their operational life.
Because of this, any change in product design or manufacturing process often requires new
machines or significant modifications. Reconfigurable machine tools overcome these
limitations by incorporating design features that allow machines to adapt to new requirements

easily.

The main characteristics of RMTs focus on flexibility, adaptability and efficiency in
manufacturing operations. These characteristics enable manufacturers to respond quickly to
market changes and product variations while maintaining high productivity. Some of the most
important characteristics of reconfigurable machine tools are modularity, scalability,

convertibility, integrability and customization.

1. Modularity

Modularity is one of the most important characteristics of reconfigurable machine tools. In
modular design, the entire machine system is divided into smaller independent units called
modules. Each module performs a particular function within the machine tool. Because these

modules are independent, they can be easily assembled, replaced or upgraded without affecting
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the entire machine structure.

For example, a machine tool may consist of modules such as spindle units, tool changers,
machine bases, control systems and axis drives. If a particular module becomes outdated or
damaged, it can be replaced without changing the rest of the system. This greatly reduces

maintenance time and cost.

Another advantage of modularity is that manufacturers can upgrade machine capabilities by
adding new modules. For instance, if higher machining speed is required, a new high-speed
spindle module can be installed. Similarly, additional axis modules can be added to increase
the machine’s movement capability. Because of this modular structure, reconfigurable machine

tools become more adaptable and easier to maintain compared to conventional machines.

2. Scalability

Scalability refers to the ability of the machine tool to adjust its production capacity according
to manufacturing demand. In modern industries, production requirements often change
depending on market demand, seasonal variations or new product introductions.
Reconfigurable machine tools provide a practical solution by allowing manufacturers to

increase or decrease machine capacity.

For example, if a production line needs to produce a larger number of components, additional
spindle units or machining modules can be added to the machine. This allows multiple
machining operations to be performed simultaneously, increasing productivity. On the other
hand, when production demand decreases, some modules can be removed or temporarily

deactivated to reduce operating costs.

Scalability also helps companies avoid unnecessary investment in new machines. Instead of
purchasing additional equipment, they can expand the capacity of existing machines through
modular expansion. This feature makes RMTs more economical and suitable for industries

with fluctuating production volumes.

3. Convertibility
Convertibility is another key characteristic of reconfigurable machine tools. It refers to the
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ability of the machine to change its function or machining capability when required. In
traditional manufacturing systems, machines are usually dedicated to a single operation such

as drilling or milling. If a different operation is required, a separate machine must be used.

In contrast, reconfigurable machines can change their function by modifying certain
components or modules. For example, a machine initially configured for drilling operations
can be converted into a milling machine by replacing the spindle unit and adjusting the tooling
system. Similarly, different machining heads or fixtures can be installed to perform new

manufacturing tasks.

Convertibility makes the manufacturing system more flexible and allows industries to produce
a wider variety of products using the same equipment. This is especially beneficial for

companies that frequently introduce new product designs.

4. Integrability

Integrability refers to the ability of a machine system to easily incorporate new components,
technologies or modules without major redesign of the existing structure. In reconfigurable
machine tools, interfaces between different modules are standardized so that new modules can

be connected smoothly.

This characteristic is particularly important in modern manufacturing environments where new
technologies are continuously being developed. For example, advanced sensors, automation
devices or improved spindle systems can be integrated into the machine to enhance its

performance.

Integrability also supports the implementation of smart manufacturing technologies such as
digital monitoring systems, predictive maintenance tools and advanced control software.
Because the machine structure is designed to accept new modules, industries can upgrade their

machines over time without replacing the entire system.

5. Customization
Customization is another important feature of reconfigurable machine tools. Different products

often require different machining processes, tool arrangements and machine configurations.
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RMTs allow manufacturers to customize the machine setup according to the specific

requirements of the product being manufactured.

For example, in the automotive industry, different engine components may require different
machining operations. By adjusting spindle positions, tool arrangements and axis
configurations, the machine can be customized to suit the particular component being

produced.

Customization also supports mass customization, where companies produce a variety of
product variants in smaller quantities. Instead of using separate machines for each product type,

a single reconfigurable machine can be adapted to handle multiple product designs.

ARCHITECTURE OF RECONFIGURABLE MACHINE TOOLS

The architecture of reconfigurable machine tools refers to the structural and functional
arrangement of different machine components that allow the machine to adapt to different
machining tasks. In traditional machine tools, the machine structure is fixed and designed for
a limited set of operations. However, in reconfigurable machine tools, the architecture is
designed in such a way that machine components can be rearranged, replaced or expanded

when required.

The architecture of RMTs is generally based on modular and open system design. This means
that the machine is built using several independent modules that can interact with each other
through standardized interfaces. Each module performs a specific function and contributes to
the overall performance of the machine tool. When production requirements change, these

modules can be modified or replaced without affecting the entire system.

A typical architecture of a reconfigurable machine tool includes both structural components
and functional components. Structural components provide physical support and stability to
the machine, while functional components perform machining operations and control tasks.

Together they create a flexible and adaptable manufacturing system.

One of the most important parts of the RMT architecture is the machine base or frame. The
machine base acts as the foundation of the machine tool and supports other modules such as
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columns, guideways and spindle units. The base must be designed with high rigidity to ensure
accuracy and stability during machining operations. Even though the machine is modular,

structural rigidity should not be compromised because it directly affects machining precision.

Another important component is the column and guideway system. The column supports the
movement of machine axes and provides mounting positions for spindle modules and tool
heads. Guideways allow smooth movement of machine elements along different directions. In
reconfigurable machines, guideway systems are often designed in modular sections so that
additional axes or movement modules can be integrated if required.

The spindle module is one of the most critical functional components in the machine
architecture. The spindle is responsible for rotating the cutting tool during machining
operations. In reconfigurable machines, spindle modules are often interchangeable so that
different spindle types can be used for various machining tasks. For example, a high-speed
spindle may be used for milling operations, while a heavy-duty spindle may be used for drilling

or boring processes.

Another important element in the architecture is the axis module system. Axis modules control
the movement of either the tool or the workpiece along different directions. Most machine tools
operate with three primary axes known as X, Y and Z axes. In some advanced machines,
additional rotational axes such as A or B axes may also be included. In reconfigurable
machines, axis modules can be rearranged or expanded depending on the complexity of the

machining operation.

The tooling system is also a key component of the machine architecture. This includes tool
holders, tool magazines and automatic tool changers. These systems allow the machine to
switch between different cutting tools during the machining process. Flexible tooling systems
reduce manual intervention and improve machining efficiency. In reconfigurable machine
tools, the tooling system is often designed in a way that allows easy integration of different

tool configurations.

Another essential part of the architecture is the control system. Modern reconfigurable
machine tools use advanced computer numerical control (CNC) systems that manage machine
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movements, cutting parameters and operational sequences. The control system coordinates the
activities of different modules and ensures smooth operation of the machine. When the machine

configuration changes, the control system updates the machining program accordingly.

In addition to these components, many modern RMT architectures also include sensor systems
for monitoring machine performance. Sensors can measure parameters such as vibration,
temperature, cutting force and tool wear. The data collected by sensors can be used for process
optimization and predictive maintenance. Integrating sensors into the machine architecture

helps improve reliability and reduce unexpected machine failures.

Another aspect of RMT architecture is the use of standardized interfaces between modules.
These interfaces ensure that different modules can be connected or disconnected easily without
complex mechanical modifications. Standardized interfaces also simplify machine

maintenance and upgrading.

Table 1: Major Components of Reconfigurable Machine Tools

Component Function
Machine Base Provides structural support for machine modules
Spindle Module Performs cutting operations
Tool Magazine Stores and changes cutting tools
Axis Modules Provide movement along X, Y and Z directions
Control System Controls machining operations and machine configuration
Sensors Monitor machine performance and process parameters

DESIGN PRINCIPLES OF RECONFIGURABLE MACHINE TOOLS
The design of reconfigurable machine tools requires careful planning to ensure flexibility and

reliability. Some important design principles include:

1. Modular Design
Each machine component is designed as an independent module. This allows easy replacement

or modification without affecting the entire system.
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2. Standardized Interfaces
Interfaces between modules must be standardized so that different modules can be connected

easily.

3. Structural Stability
Although the machine is modular, it must maintain high structural rigidity to ensure machining

accuracy.

4. Intelligent Control
Advanced control systems are required to manage machine configuration and machining

operations.

ROLE OF RECONFIGURABLE MACHINES IN FLEXIBLE MANUFACTURING
LINES
Flexible manufacturing lines consist of multiple machines that work together to produce

different products. In such systems, reconfigurable machine tools play an important role.

These machines allow production lines to adapt quickly when product designs change. For
example, if a new product requires additional drilling operations, the machine configuration

can be modified accordingly.

The main benefits of using RMTs in flexible manufacturing lines include:
e Reduced production downtime

« Improved machine utilization

o Faster response to market demand

o Lower equipment investment

Because of these advantages, many industries are adopting reconfigurable machine tools in

their manufacturing systems.

APPLICATIONS OF RECONFIGURABLE MACHINE TOOLS

Reconfigurable machine tools are used in various manufacturing industries.
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Automotive Industry
Automotive companies use RMTs for manufacturing engine blocks, transmission components
and chassis parts. These machines allow quick changes in production lines when new vehicle

models are introduced.

Aerospace Industry
In aerospace manufacturing, different aircraft components require different machining

processes. Reconfigurable machines provide flexibility to handle these variations.

Electronics Industry
Electronics manufacturing often involves frequent design updates. RMTs help manufacturers

adapt to these changes quickly.

ADVANTAGES OF RECONFIGURABLE MACHINE TOOLS
Reconfigurable machine tools provide several advantages in modern manufacturing

environments.

1. High Flexibility

Machines can be adjusted for different production tasks.

2. Reduced Cost

Instead of buying new machines, existing machines can be reconfigured.
3. Improved Productivity

Production lines can operate more efficiently with adaptable machines.
4. Shorter Product Development Time

New products can be introduced quickly.

5. Better Resource Utilization

Machine modules can be reused for different operations.

CHALLENGES AND LIMITATIONS
Despite many advantages, reconfigurable machine tools also have some challenges.
High Initial Design Complexity

Designing modular machines requires advanced engineering and planning.
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Control System Complexity

The control system must manage different machine configurations and operations.
Maintenance Issues

Frequent module changes may increase maintenance requirements.

Skilled Workforce

Operators and engineers must have specialized knowledge to operate and maintain

reconfigurable machines.

FUTURE TRENDS IN RECONFIGURABLE MANUFACTURING
The future of reconfigurable machine tools is closely connected with Industry 4.0 technologies.
Digital technologies such as sensors, artificial intelligence and digital twins are being integrated

with machine tools.

Some emerging trends include:

e Smart sensors for machine monitoring

« Al-based machine configuration optimization

« Integration with digital twin technology

o Cloud-based manufacturing control systems

These technologies will further enhance the flexibility and efficiency of reconfigurable

manufacturing systems.

Figure 1: Concept of Reconfigurable Machine Tool Structure
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DISCUSSION

The development of reconfigurable machine tools has provided new opportunities for modern
manufacturing industries. As product variety increases, traditional manufacturing systems
become less efficient. RMTs offer a promising solution by providing both flexibility and

productivity.

However, successful implementation of these machines requires careful system design and
integration with manufacturing processes. Companies must also invest in training their

workforce to handle advanced manufacturing technologies.

Further research is required to improve machine reliability, control algorithms and modular
design strategies. Integration with smart manufacturing technologies will play a key role in

future developments.

CONCLUSION

Reconfigurable machine tools represent an important advancement in manufacturing
technology. These machines provide flexibility, adaptability and efficiency in production
systems. Their modular design allows manufacturers to modify machine configurations

according to changing product requirements.

In flexible manufacturing lines, RMTs help reduce production downtime and improve
productivity. They also support mass customization and rapid product development. Although
there are some challenges such as design complexity and maintenance requirements, the

benefits of reconfigurable machines make them an attractive solution for modern industries.

With the integration of digital technologies and intelligent control systems, reconfigurable
machine tools will become even more powerful in future manufacturing environments.
Continued research and industrial adoption will further enhance their capabilities and

applications.
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