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Abstract: In the context of intelligent manufacturing, machine tools, as core equipment, directly influence production
efficiency and product quality through their operational reliability. Traditional maintenance methods for machine tools,
often characterized by low efficiency and high costs, fail to meet the demands of modern manufacturing industries.
Therefore, leveraging intelligent manufacturing technologies, this paper proposes a solution optimized for the diagnosis
and maintenance of machine tool faults. Initially, the paper introduces sensor-based data acquisition technologies
combined with big data analytics and machine learning algorithms to achieve intelligent fault diagnosis of machine tools.
Subsequently, it discusses predictive maintenance strategies by establishing an optimized model for maintenance strategy
and resource allocation, thereby enhancing maintenance efficiency and reducing costs. Lastly, the paper explores the
architectural design, integration, and testing evaluation methods of intelligent manufacturing systems. The study indicates
that optimization of machine tool fault diagnosis and maintenance in an intelligent manufacturing environment not only

enhances equipment reliability but also significantly reduces maintenance costs, offering broad application prospects.
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1. Introduction

With continuous advancements in manufacturing technology, modern industries demand higher reliability and
stability from equipment. Machine tools, essential in the manufacturing process, are critical as their failures
can cause production halts and affect product quality. Therefore, researching the optimization of fault diagnosis
and maintenance for machine tools under intelligent manufacturing environments not only helps enhance the
reliability and production efficiency of the equipment but also contributes to reducing maintenance costs and

extending the lifespan of the equipment, which holds significant theoretical and practical value.

108



2. Fault diagnosis technologies for machine tools in intelligent manufacturing
environments

2.1. Sensor-based data collection

In intelligent manufacturing environments, the fault diagnosis of machine tools relies heavily on sensor-based
data collection technologies. Sensors placed at various parts of the machine tools can collect real-time data
on multiple parameters such as temperature, pressure, vibration, current, and voltage. This data reflects the
operational state and performance of the machine tools during operation, which is crucial for fault diagnosis.

Sensor-based data collection technologies enable real-time monitoring and tracking of the operational
status of machine tools. The sensors transmit collected data to the data processing system, which performs real-
time analysis and processing. This setup allows for continuous monitoring of the machine’s operational state
and timely detection of any anomalies. For instance, if a sensor detects an unusual temperature rise in a part of
the machine, it could indicate a potential fault, necessitating timely maintenance.

Moreover, data collected from sensors not only helps in diagnosing faults in machine tools but also
supports their maintenance. By analyzing sensor data, it is possible to determine the machine’s workload,
operating conditions, and other relevant information, which aids in devising a reasonable maintenance plan.
For example, sensor data analysis can help predict the working cycles of the machine and estimate the lifespan
of critical components, thus facilitating preventative maintenance and avoiding production interruptions due to
faults.

Overall, sensor-based data collection technology is a crucial means for implementing fault diagnosis and
maintenance optimization in intelligent manufacturing environments. By fully utilizing data collected from
sensors, comprehensive monitoring and diagnosis of the operational status of machine tools can be achieved,
enhancing their reliability and lifespan while reducing maintenance costs and providing technological support

for the development of intelligent manufacturing.

2.2. Big data and fault diagnosis
The importance of big data technology in machine tool fault diagnosis within intelligent manufacturing
environments is increasingly pronounced. Its key roles are manifested in several aspects:

(1) Data collection and processing: Big data platforms can collect, store, and manage real-time and
historical operational data from machine tool sensors. This data forms the foundation for fault
diagnosis, offering comprehensive information to analyze the operational status of the machine tools.

(2) Data analysis and mining: Utilizing technologies such as machine learning, and deep analysis of big
data can reveal patterns and anomalies. By training on historical data, diagnostic models for various
fault types can be constructed, enabling predictions and diagnoses for future data.

(3) Fault prediction and prevention: Big data analysis allows for more accurate assessments of the
operational status of machine tools, timely identification of potential faults, and prediction of possible
fault types and timing. This aids in preventing faults and enhancing the reliability and stability of
machine tools.

(4) Maintenance optimization: Big data technology supports determining the optimal timing and methods
for machine maintenance, avoiding unnecessary or delayed maintenance that could pose fault risks. By
optimizing maintenance plans and resource allocation, maintenance efficiency and cost-effectiveness
are improved.

(5) Intelligent decision support: Big data analysis provides more extensive data support for decision-
making, making maintenance decisions more scientific and accurate. Using big data technology, an
intelligent manufacturing system can be established to automate the diagnosis and maintenance of
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machine tools, enhancing the stability and reliability of the production line.

2.3. Application of machine learning and artificial intelligence in fault diagnosis

The application of machine learning and artificial intelligence technologies in machine tool fault diagnosis in
intelligent manufacturing environments is broad and profound. These technologies, by learning and analyzing
a vast amount of operational data from machine tools, enable intelligent recognition and prediction of machine
operational statuses, offering new approaches and methods for machine tool fault diagnosis and maintenance.

Firstly, machine learning algorithms can be applied to build fault diagnosis models for machine tools.
By training on historical data, diagnostic models for various types of machine tool faults can be developed,
allowing for predictions and diagnoses of future data. This machine-learning-based fault diagnosis approach
significantly enhances the accuracy and efficiency of fault diagnosis, helping enterprises to timely detect and
resolve issues with machine tools.

Moreover, the application of artificial intelligence technology can automate the diagnosis and maintenance
of machine tools. By integrating techniques such as deep learning, real-time monitoring and diagnosis of
machine tool operation can be performed, automatically triggering maintenance processes. This automated
approach to fault diagnosis and maintenance not only enhances diagnostic efficiency and accuracy but also
reduces the costs and risks associated with manual intervention, improving the stability and reliability of the
production line.

Additionally, machine learning and artificial intelligence technologies can be combined with other
technologies, such as the Internet of Things (IoT) and cloud computing, to enable remote monitoring and
management of machine tools. By establishing a big data platform in the cloud, centralized monitoring and
diagnosis of multiple machine tools can be achieved, providing comprehensive production data support for

enterprises and helping them optimize and automate their production processes.

3. Machine tool maintenance optimization strategies
3.1. Predictive maintenance

The application of predictive maintenance in intelligent manufacturing environments not only enhances the
reliability and lifespan of machine tools but also offers the following features and advantages:

(1) Real-time monitoring and data analysis: Predictive maintenance involves continuous monitoring of
various operational parameters of machine tools and processing this data with advanced analytical
techniques to timely detect abnormal operating conditions and preempt potential failures.

(2) Reduced maintenance costs: Compared to traditional periodic maintenance, predictive maintenance
reduces unnecessary maintenance and replacements, thereby lowering costs. By strategically planning
maintenance activities, it also avoids costs and losses associated with sudden failures and production
interruptions.

(3) Increased production efficiency: Predictive maintenance helps prevent production halts caused by
machine tool failures, ensuring continuous operation of production lines, and enhancing productivity
and capacity utilization. Moreover, maintaining equipment proactively prevents the escalation of faults,
further stabilizing and enhancing the reliability of the production line'".

(4) Optimized maintenance strategies: Predictive maintenance allows for the optimization of maintenance
strategies based on the actual operating conditions and maintenance needs of the machine tools,
enabling efficient allocation of maintenance resources and improving maintenance responsiveness.

Priority can be given to critical components to ensure their stable operation and reduce the risk of
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failures.

(5) Intelligent decision support: Leveraging technologies such as artificial intelligence and machine
learning, predictive maintenance can perform intelligent analysis and diagnostics of machine tool
operational data. Developing diagnostic models enables the prediction and diagnostics of future data,
providing a scientific basis and intelligent support for maintenance decisions.

3.2. Maintenance strategy optimization model

The maintenance strategy optimization model plays a crucial role in intelligent manufacturing settings,
enhancing machine tool reliability and production efficiency while reducing maintenance costs and risks. It is
manifested in several ways:

(1) Optimization of maintenance plans: Using the maintenance strategy optimization model, maintenance
plans can be optimized based on real-time operational data and historical maintenance records of
machine tools. The model analyzes the operational status, predicts potential fault types and timing, and
devises optimal maintenance schedules, thereby minimizing unplanned maintenance and reducing the
frequency of maintenance to decrease production downtime and enhance efficiency.

(2) Effective allocation of maintenance resources: The optimization model considers factors like
maintenance costs and uses mathematical modeling and optimization algorithms to derive the best
maintenance strategies. It takes into account costs, machine downtime, and parts replacement cycles,
solving for the most cost-effective and efficient maintenance plans to ensure effective resource
allocation.

(3) Enhanced scientific and accurate maintenance decisions: The model considers the usage and
environmental factors of machine tools to create personalized maintenance strategies. Scientific data
analysis and algorithmic solutions enhance the accuracy and scientific basis of maintenance decisions,
minimizing human error and providing a solid foundation for these decisions.

(4) Reduced maintenance costs and risks: The optimization model helps businesses reduce maintenance
costs and risks. Implementing a rational maintenance plan and resource allocation prevents unnecessary
and delayed maintenance, reducing the risk of machine tool failures and the costs and losses associated

with repairs and production interruptions .

3.3. Optimization of maintenance resources

In intelligent manufacturing environments, the optimal allocation of maintenance resources for machine tools is
crucial. By properly allocating human, material, and time resources, maintenance efficiency can be enhanced,
maintenance costs reduced, and smooth production ensured. This includes:

(1) Optimization of human resources: Based on the importance and maintenance needs of machine tools,
the number and skill level of maintenance personnel are appropriately allocated. Specialized personnel
may be assigned to key equipment to ensure stable operation and flexible maintenance approaches, such
as outsourcing, may be adopted for general equipment. Furthermore, training and skill enhancement
can improve the professional level of maintenance staff.

(2) Optimization of material resources: Proper allocation of maintenance equipment and tools ensures
smooth maintenance operations. Spare parts inventory may be increased based on the frequency of use
and maintenance needs of the machine tools to handle emergencies. Maintenance equipment should
be regularly updated to enhance efficiency. Additionally, the adoption of intelligent maintenance
equipment can increase the automation level of maintenance.
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(3) Optimization of time resources: Maintenance schedules should be planned to avoid production
interruptions due to maintenance activities. Predictive and planned maintenance can be combined to
schedule maintenance work in advance, minimizing production downtime. Concurrent maintenance,
where maintenance occurs alongside ongoing production, can also be used to reduce downtime.

(4) Optimization of maintenance strategies: Appropriate maintenance strategies should be developed based
on the actual conditions and maintenance needs of the machine tools. Combining regular inspections,
condition monitoring, and fault prediction can maximize the use of maintenance resources and enhance
the efficiency and quality of maintenance. Furthermore, information technologies such as the Internet
of Things and big data can be used to monitor and optimize the maintenance process, further enhancing

maintenance efficiency .

4. Integration and implementation of intelligent manufacturing systems

4.1. Intelligent manufacturing system architecture design

The architectural design of an intelligent manufacturing system must consider the functionality and
interrelationships of various internal modules, as well as the system’s interaction with the external environment
and its capacity to accommodate future development needs. An effective architecture should have the following
features:

(1) Modular design: The system should adopt a modular design, dividing it into several independent
modules, each responsible for specific functions. This reduces system complexity, facilitates
maintenance and upgrades, and allows for the flexible addition of new functional modules as needed.

(2) Distributed architecture: Given the extensive data collection and processing involved, a distributed
architecture can disperse these tasks across different nodes, enhancing the system’s processing
capabilities and overall performance. This architecture also enhances system reliability, as the failure of
one node does not compromise the entire system’s operation.

(3) Data security and privacy protection: With considerable data exchange and sharing involved, data
security and privacy protection are paramount. The system should employ encryption technologies to
safeguard data transmission and storage and implement stringent access controls to ensure that only
authorized users can access the data'",

(4) Intelligent decision support: The system should possess capabilities for intelligent decision-making
support, analyzing real-time and historical data to provide a scientific basis for production decisions.
This requires integrating advanced data analytics and machine learning technologies to enable
intelligent monitoring and optimization of the production process.

4.2. System integration and implementation

System integration and implementation are critical phases in the construction of intelligent manufacturing
systems. These phases involve integrating and coordinating various subsystem components to transform the
design scheme into an operational system. During this stage, several aspects must be considered:

(1) Implementation of system architecture: Based on the designed architecture, organize and integrate the
various subsystem components according to specific rules and standards. Ensure that the interfaces and
communications between components function correctly to achieve the system’s overall functionality.

(2) Implementation of hardware and software compatibility: Install and configure hardware devices and
software systems. This includes the setup and debugging of hardware devices and the installation and

deployment of software systems, ensuring compatibility and interoperability between hardware and
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software.

(3) Implementation of data flows: Establish data processes and transmission channels to enable the flow
and exchange of data among the subsystems. Ensure that data is transmitted and processed accurately
and promptly to support the normal operation and decision-making processes of the system.

(4) Implementation of functional modules: Gradually implement each functional module according to the
system design requirements. This includes developing and testing core modules such as fault diagnosis
and predictive maintenance to ensure the completeness and stability of these functions .

(5) Ensuring safety and stability: Consider potential safety hazards and stability issues that may arise during
system operation and take appropriate measures to ensure the system operates safely and reliably
throughout.

By implementing these strategies, the design principles of intelligent manufacturing systems can

be realized in practical operating systems, providing technical support for machine tool diagnostics and

maintenance while promoting the advancement and application of intelligent manufacturing technologies.

4.3. System testing and evaluation

In system testing and evaluation, it is necessary first to conduct comprehensive tests of the system’s
functionalities to verify whether the system meets design specifications. Functional testing should cover all
functional modules of the system to ensure they operate correctly and interact effectively with each other.
Next, performance testing assesses how the system performs under various loads, including response speed and
resource utilization, to ensure sufficient performance in actual operation. Additionally, security testing is crucial
to ensure that the system can withstand various security threats and attacks, safeguarding both the system and
its data.

In terms of system evaluation, aspects such as the system’s stability, reliability, and security need to be
considered. Stability evaluation assesses whether the system can maintain stable performance and functionality
over extended periods. Reliability evaluation examines how the system performs in the face of various faults
and anomalies, including its recovery capabilities and fault tolerance. Security evaluation assesses the system’s
ability to protect against various security threats, including data protection and user access management.
Comprehensive system evaluation can identify potential issues and suggest improvements, ensuring that the
system operates normally and achieves the desired outcomes .

Additionally, system testing and evaluation must involve communication with users and relevant
stakeholders to gather their feedback on system usability and their specific requirements. This feedback
is crucial for refining the system’s design and functionality, enhancing user satisfaction and applicability.
Therefore, system testing and evaluation are indispensable components of intelligent manufacturing system
construction. Through scientific testing and evaluation methods, the quality and performance of the system
can be ensured, providing a solid foundation for the development and application of intelligent manufacturing
technologies.

5. Conclusion

This paper has achieved the following main outcomes through the study of machine tool fault diagnosis and
maintenance optimization in an intelligent manufacturing environment: Intelligent diagnosis of machine tool
faults has been realized through sensor-based data collection technology combined with big data analysis
and machine learning algorithms. A predictive maintenance strategy was proposed, and by establishing an
optimized maintenance strategy model and optimizing maintenance resource allocation, maintenance efficiency
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has been improved and maintenance costs have been reduced. The architecture of the intelligent manufacturing
system was designed and implemented, and its feasibility and effectiveness were verified through testing and
evaluation.

Future research could delve deeper into the following areas: Further optimization and refinement of
machine tool fault diagnosis algorithms to enhance diagnostic accuracy and real-time capabilities. As well as
exploration of more application scenarios and maintenance strategies in intelligent manufacturing environments
to expand the system’s applicability. Additionally, investigation into the deep integration of intelligent
manufacturing systems with other advanced manufacturing technologies such as the Internet of Things and
cloud computing to create more intelligent and efficient manufacturing systems. Furthermore, comprehensive
experiments involving multiple scenarios and devices could be conducted to verify the system’s performance
and effectiveness in different application settings.
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