Applied Science and Innovative Research

ISSN 2474-4972 (Print) ISSN 2474-4980 (Online)
\ol. 8, No. 2, 2024
www.scholink.org/ojs/index.php/asir

Original Paper
Research on Online Monitoring and Fault Diagnosis Technology

of Intelligent Electrical Equipment

Mingxin Xiao'"
! Xihua University, Chengdu, Sichuan 610039
*This paper was independently completed by Mingxin Xiao from the School of Electrical and
Electronic Information at Xihua University, who is also the first author and corresponding author of

this paper.

Abstract

With the continuous improvement of industrial automation, intelligent electrical equipment plays an
increasingly important role in modern industrial production. The online monitoring and fault diagnosis
technology of intelligent electrical equipment is critical to ensuring industrial production safety,
improving equipment reliability, and enhancing efficiency. This paper will start from the current status
and development trends of online monitoring and fault diagnosis technology for intelligent electrical
equipment, analyze its importance in industrial production, explore its key technologies and
application prospects, and aim to provide a reference for research and application in related fields.
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1. Introduction

The online monitoring and fault diagnosis technology of intelligent electrical equipment is one of the
hot and key research areas in the current industrial field. As the requirements for equipment reliability
and efficiency in industrial production continue to increase, traditional periodic maintenance methods
can no longer meet production needs. Online monitoring technology for intelligent electrical equipment
can detect potential faults in real-time and take preventive measures by monitoring equipment status,
effectively reducing equipment failure rates, enhancing reliability and safety, and preventing production
accidents. Fault diagnosis technology extends and deepens online monitoring technology by analyzing
and processing monitoring data, achieving accurate diagnosis and localization of equipment faults,
helping companies resolve issues timely, reduce downtime losses, and improve production efficiency.
Therefore, researching online monitoring and fault diagnosis technology for intelligent electrical

equipment is of great theoretical and practical significance.
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2. Analysis of the Current Status of Online Monitoring and Fault Diagnosis Technology for
Intelligent Electrical Equipment

2.1 Development History of Online Monitoring Technology for Intelligent Electrical Equipment

The development of online monitoring technology for intelligent electrical equipment has undergone
several important stages. From initial single sensor monitoring to the current multi-sensor fusion
technology, and the widespread use of loT, monitoring technology has continually progressed to
achieve comprehensive, real-time monitoring of electrical equipment.

Initially, online monitoring technology for intelligent electrical equipment primarily relied on single
sensors to obtain operational data. These sensors were typically used to monitor basic parameters such
as temperature and humidity. Although this provided preliminary monitoring capabilities, the limited
information made it challenging to fully reflect the equipment's operational status. However, this stage
laid the groundwork for subsequent multi-sensor fusion.

With advancements in sensor technology, multi-sensor fusion monitoring technology matured, allowing
simultaneous monitoring of multiple parameters such as current, voltage, and vibration. This
technology overcame the limitations of single-sensor monitoring, achieving comprehensive monitoring
of equipment status. For example, in power systems, multiple sensors can simultaneously monitor a
generator's temperature, current, and vibration, providing a fuller understanding of the generator's
operational status and timely identification of potential issues.

Recently, with the popularization of 10T technology, online monitoring technology for intelligent
electrical equipment has further developed. The introduction of 10T technology enables real-time
interconnection between devices and between devices and humans, enhancing the real-time nature and
accuracy of monitoring data, and providing convenient remote monitoring and management. For
instance, 10T technology enables remote monitoring of various electrical equipment in substations,
timely acquisition of operational data, real-time analysis and processing, significantly improving
management efficiency and operational safety.

Overall, online monitoring technology for intelligent electrical equipment has evolved from
single-sensor monitoring to multi-sensor fusion and now to the loT era. Each stage's technological
advancements have opened new possibilities for comprehensive monitoring and management, laying a
solid foundation for the safe and stable operation of various industries and public services.

2.2 Application Status of Online Monitoring Technology for Intelligent Electrical Equipment

Online monitoring technology for intelligent electrical equipment is widely used in multiple fields,
including power systems, industrial automation, and transportation. These applications enhance
equipment operational safety and reliability and significantly improve management levels and
operational efficiency across industries.

In power systems, online monitoring technology for intelligent electrical equipment is extensively
applied. By monitoring key equipment such as generators and transformers, real-time monitoring and

analysis of the power system's operational status can be achieved. For example, temperature sensors,
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current sensors, and vibration sensors can comprehensively monitor a transformer's operational status,
timely identifying potential fault risks and taking preventive measures to ensure the power system's
safe and stable operation. Furthermore, 10T technology allows for remote monitoring and management
of distributed power equipment, enhancing operational efficiency and reliability.

In industrial automation, online monitoring technology plays a crucial role by enabling real-time
monitoring and management of production equipment. For instance, in manufacturing, online
monitoring of various production line equipment provides real-time operational data, enabling data
analysis and timely identification of equipment faults or anomalies, thus avoiding equipment downtime
and production interruptions, enhancing production efficiency and management levels.

The transportation sector also benefits from online monitoring technology for intelligent electrical
equipment. By monitoring traffic signal lights, electric vehicle charging stations, and other equipment,
real-time management of the transportation system can be achieved. For example, online monitoring of
traffic signal lights can enable real-time adjustment of their operating modes, improving traffic flow
efficiency, reducing congestion and accidents. Additionally, online monitoring of electric vehicle
charging stations can provide real-time usage status and operational data, enabling remote management
and maintenance, improving charging station efficiency and service quality.

In summary, online monitoring technology for intelligent electrical equipment is widely applied in
power systems, industrial automation, and transportation, significantly enhancing equipment
operational safety, reliability, and management efficiency, providing robust support for the continuous
development of various industries.

2.3 Development Status of Fault Diagnosis Technology for Intelligent Electrical Equipment

Fault diagnosis technology for intelligent electrical equipment extends and deepens online monitoring
technology by analyzing and processing monitoring data to achieve precise fault diagnosis and
localization. Currently, fault diagnosis technology based on artificial intelligence and data mining is
maturing and widely applied in various fields.

Machine learning-based fault diagnosis technology is a current research and application hotspot.
Machine learning algorithms can analyze and process large amounts of equipment operational data,
establishing fault diagnosis models to automatically identify and diagnose equipment faults. For
instance, in power systems, machine learning algorithms can analyze transformer operational data to
establish fault diagnosis models, achieving precise diagnosis and localization of transformer faults,
improving diagnosis accuracy, reducing fault handling time, and minimizing equipment downtime, thus
enhancing system operational efficiency.

Neural network-based fault diagnosis technology is another significant method, leveraging strong
nonlinear mapping and self-learning capabilities to address complex fault diagnosis problems. For
example, by establishing neural network models, vibration data of generators can be analyzed to
achieve precise fault diagnosis and prediction. Continuous learning and optimization of neural network

models can enhance diagnosis accuracy and reliability.
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Besides machine learning and neural networks, data mining technology is also widely applied in fault
diagnosis. By mining and analyzing equipment operational data, potential fault patterns and
characteristics can be discovered, establishing fault diagnosis models to achieve precise diagnosis and
prediction of equipment faults. For example, by mining operational data of switchgear, fault
characteristics and patterns can be identified, establishing fault diagnosis models for switchgear,

improving diagnosis accuracy and efficiency.

3. Key Technology Analysis of Online Monitoring and Fault Diagnosis for Intelligent Electrical
Equipment

3.1 Sensor Technology

Sensor technology is a core component of online monitoring for intelligent electrical equipment.
Sensors convert physical quantities into measurable electrical signals, monitoring various equipment
parameters like temperature, humidity, current, and voltage. The selection and deployment of sensors
critically impact monitoring data's accuracy and reliability. The following details sensor technology's
specific applications and developments in online monitoring for intelligent electrical equipment.
Temperature Sensors: Temperature sensors are commonly used in power systems to monitor
temperature changes, indicating equipment operational status. For example, real-time temperature
monitoring of transformers can detect internal overheating issues, preventing potential faults by
alerting operators to take cooling measures or arrange maintenance when abnormal temperature rises
are detected.

Humidity Sensors: Humidity sensors monitor environmental humidity, crucial for sensitive equipment.
For instance, in distribution rooms, high humidity can degrade electrical equipment insulation,
increasing short-circuit and fault risks. Real-time humidity monitoring ensures environmental
conditions remain within safe operational ranges.

Current and Voltage Sensors: These sensors are critical for monitoring electrical equipment's
operational status by providing real-time data on current and voltage, helping identify abnormal
operational conditions. For example, detecting abnormal current may indicate equipment load issues or
circuit problems, allowing timely measures to adjust loads or inspect circuits to ensure normal
operation.

New Sensors: Advancements in sensor technology have introduced new sensors like infrared and
microwave sensors for deeper, more sensitive monitoring. Infrared sensors detect surface temperature
changes, while microwave sensors penetrate insulation layers to detect internal defects and faults,
enhancing monitoring sensitivity and precision.

3.2 Communication Technology

Effective communication technology is crucial for real-time data transmission and remote access in
online monitoring for intelligent electrical equipment.

Wireless Communication Technology: Widely used in online monitoring, wireless sensor networks
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aggregate and transmit data from various locations for extensive monitoring. For example, wireless
communication in substations allows real-time data transmission to monitoring centers, enabling
operators to monitor and respond to anomalies.

IoT Technology: loT enhances intelligent monitoring and management by enabling real-time
interconnection and data analysis. For example, 0T platforms allow remote monitoring and
management of equipment in factories and substations, improving data transmission efficiency and
providing new possibilities for intelligent equipment management.

5G Technology: 5G technology offers faster, more stable data transmission, supporting real-time
monitoring and control of more devices. For example, 5G in smart grids enables real-time equipment
monitoring and control, enhancing system efficiency and stability.

Communication Security: Ensuring data security during transmission is vital. Encryption and
authentication technologies prevent data interception and tampering, ensuring confidentiality and
integrity. Identity authentication verifies legitimate access and operations, preventing unauthorized
access.

3.3 Data Processing and Analysis Technology

Data processing and analysis technology is essential for real-time monitoring and fault diagnosis of
intelligent electrical equipment by analyzing monitoring data to detect anomalies and predict faults.
Data Mining Technology: Extracts useful information and patterns from large datasets. For example,
data mining of transformer operational data identifies fault characteristics, establishing fault diagnosis
models for early warning and prevention.

Machine Learning Technology: Widely used for fault diagnosis, machine learning algorithms analyze
large datasets to model and recognize fault patterns. For example, machine learning analyzes generator
vibration data to diagnose fault types and locations, enhancing diagnosis accuracy and efficiency.

Deep Learning Technology: Deep learning, with its powerful feature extraction and pattern
recognition capabilities, addresses complex fault diagnosis issues. For example, convolutional neural
networks analyze power equipment images for precise fault diagnosis and localization.

Big Data Analysis Technology: Analyzes large volumes of monitoring data to identify operational
patterns and potential risks. For example, big data analysis of power grid data identifies bottlenecks and

weaknesses, optimizing system efficiency and reliability.

4. Application Prospects of Online Monitoring and Fault Diagnosis Technology for Intelligent
Electrical Equipment

4.1 Prospects of Online Monitoring Technology for Intelligent Electrical Equipment

The application prospects of online monitoring technology for intelligent electrical equipment are
expanding with the rapid development of industrial 10T and loT technologies. These technologies
enable real-time monitoring, data analysis, operational optimization, reliability, efficiency improvement,

and cost reduction, providing robust support for industrial production.
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Industrial 10T and IoT Impact: These technologies enable extensive application of online monitoring,
enhancing real-time monitoring and management of equipment. For example, in smart grids, 10T can
monitor and manage power systems in real-time, improving stability and safety.

Improving Reliability and Efficiency: Online monitoring technology provides comprehensive
operational status insights, enhancing equipment reliability and efficiency. Real-time detection and data
analysis enable preventive measures, avoiding faults, reducing downtime, and extending equipment life.
For example, real-time monitoring of production equipment avoids downtime and enhances production
efficiency and economic benefits.

Reducing Maintenance Costs: Online monitoring reduces maintenance costs through preventive and
predictive maintenance based on real-time operational data, avoiding costly repairs. Predictive
maintenance plans, based on historical data and operational status, minimize unnecessary downtime
and repairs.

Application in Smart Grids: In smart grids, online monitoring technology's prospects are significant,
enabling real-time monitoring and management of power system components to enhance stability and
safety. For example, monitoring transformers, switchgear, and transmission lines in real-time prevents
faults, ensuring reliable power supply.

Application Cases: Real-world applications demonstrate the extensive use of online monitoring
technology in various fields. For example, transformer monitoring in power systems provides real-time
operational data, enabling fault prediction and prevention. In industrial production, monitoring
production equipment provides operational status and fault information, improving efficiency and
economic benefits.

4.2 Prospects of Fault Diagnosis Technology for Intelligent Electrical Equipment

Advancements in artificial intelligence and big data technology enhance the precision and efficiency of
fault diagnosis technology for intelligent electrical equipment, enabling the analysis and extraction of
significant monitoring data for accurate diagnosis and prediction.

Application of Artificial Intelligence and Big Data: These technologies improve the precision and
efficiency of fault diagnosis. For example, machine learning algorithms analyze operational data to
identify early fault signals, enabling timely preventive measures.

Enhancing Reliability and Lifespan: Fault diagnosis technology ensures stable and reliable
equipment operation by identifying and resolving potential faults, extending equipment lifespan. For
example, Al and big data technologies enable real-time fault diagnosis in industrial production,
reducing downtime and enhancing efficiency.

Reducing Downtime: Fault diagnosis technology minimizes downtime by timely detecting potential
faults and taking preventive measures. For example, real-time monitoring and fault diagnosis in
industrial production reduce downtime and enhance economic benefits.

Application Cases: Fault diagnosis technology is widely applied in various fields. For example,

transformer fault diagnosis in power systems enables timely detection and prevention, avoiding damage
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and power outages. In industrial production, fault diagnosis improves efficiency and economic benefits.
4.3 Future Application Prospects

In the future, online monitoring and fault diagnosis technology for intelligent electrical equipment will
be applied in more fields, such as industrial manufacturing, energy, and transportation.

Industrial Manufacturing: In industrial manufacturing, these technologies will enhance smart
manufacturing, increasing production efficiency and product quality. For example, real-time monitoring
and analysis of production equipment prevent faults and enhance economic benefits.

Energy Sector: In the energy sector, these technologies will enhance smart grid operation, improving
stability and safety. For example, monitoring transformers, switchgear, and transmission lines in
real-time ensures reliable power supply.

Transportation Sector: In transportation, these technologies will enable smart management of
transportation equipment, enhancing efficiency and safety. For example, real-time monitoring of traffic

signal equipment and rail transit ensures smooth and safe operation.

5. Conclusion

In conclusion, the research and analysis of online monitoring and fault diagnosis technology for
intelligent electrical equipment demonstrate their importance and application prospects in industrial
production. With the development of industrial 10T, loT, artificial intelligence, and big data
technologies, monitoring and diagnosis technology will have broader development space. Continuous
innovation and improvement of related technologies will enhance equipment reliability and safety,

providing more reliable and efficient support for industrial production.
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