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Abstract: Nondestructive testing technology is of great significance for ensuring the
quality of industrial products and production safety. Among them, eddy current testing, as
an important nondestructive testing method, has been widely used in many fields. With
the increasing requirements for testing efficiency and accuracy in industrial production,
the automated development of eddy current testing has become an inevitable trend. This
paper focuses on the role of intelligent sensors in promoting the automated development
of eddy current testing in nondestructive testing. The basic principles of intelligent
sensors and eddy current testing are elaborated in detail. The application advantages of
intelligent sensors in the automation of eddy current testing are analyzed in depth,
including high-precision detection, adaptive and real-time monitoring, as well as
automated integration and collaborative working capabilities. At the same time, the key
technologies in this process are discussed, such as sensor optimization, signal processing
and analysis, and automated control and communication technologies. By presenting
application cases of intelligent sensors in fields such as aerospace, automotive
manufacturing, and the power industry, their remarkable effectiveness is demonstrated.
The research results show that intelligent sensors have greatly improved the automation
level of eddy current testing, enhanced testing efficiency and accuracy, and reduced labor
costs. However, currently, there are still problems such as high sensor costs and
insufficient adaptability to complex environments. In the future, with the continuous
progress of technology, intelligent sensors will play an even more important role in the
automation of eddy current testing, promoting the development of nondestructive testing
technology to a higher level.

1. Introduction

In today's highly competitive industrial environment with extremely high requirements for
product quality and safety, non-destructive testing technology plays a crucial role in ensuring
product quality and production safety. Among them, eddy current testing, as a key non-destructive
testing method, is widely used in many fields due to its unique advantages. However, the traditional
eddy current testing method has certain limitations and is difficult to meet the needs of the rapid
development of modern industry!!l. At the same time, the rise of intelligent sensor technology has
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brought new opportunities and hopes for the automation of eddy current testing. An in-depth
exploration of the application of intelligent sensors in the automation of eddy current testing not
only helps to improve the testing efficiency and accuracy but also promotes the entire non-
destructive testing industry to a new stage of development. Therefore, it has important research
value and practical significance.

2. Basic Principles of Intelligent Sensors and Eddy Current Testing

An intelligent sensor combines traditional sensor functions with microprocessors or
microcontrollers for more efficient, accurate, and intelligent measurement and data processing. It
first perceives physical quantities, converting non - electrical signals to electrical ones based on
physical effects. Weak and noisy raw signals are conditioned. The microprocessor or
microcontroller at its core enables advanced functions like self - calibration, self - diagnosis, and
adaptive adjustment.

Eddy current testing is a non - destructive method based on electromagnetic induction for
detecting defects in conductive materials. An alternating current in a coil creates an alternating
magnetic field, inducing eddy currents in the conductive material®l. Defects like cracks or pores
disrupt the eddy current distribution, which in turn changes the magnetic field, serving as the basis
for defect detection.

The integration of these two principles is a key development in modern non - destructive testing.
In an eddy current testing system, the intelligent sensor accurately detects magnetic or electrical
signal changes caused by defects. The complex and weak output signals are processed by the
sensor's built - in microprocessor using algorithms. By comparing with a defect feature library, it
can precisely determine defect information, improving detection accuracy, reliability, and enabling
automation and intelligence.

3. Application Advantages of Intelligent Sensors in Eddy Current Testing Automation

In the field of eddy current testing automation, intelligent sensors offer numerous remarkable
application advantages. Firstly, in terms of signal processing capabilities, intelligent sensors possess
powerful signal conditioning and analysis functions. During the eddy current testing process, the
raw signals acquired by the sensors are often weak and contaminated with a large amount of noise.
Ordinary sensors may struggle to accurately extract useful information from such signals. However,
the built - in microprocessor or microcontroller in an intelligent sensor can perform real - time
processing on these complex raw signals. By using advanced filtering algorithms, it can remove
noise interference and amplify and enhance the weak useful signals, thereby clearly highlighting the
signal characteristics related to defectsl®l. This enables the testing system to more accurately capture
the signals of extremely small defects, greatly improving the detection sensitivity. Even the tiniest
cracks or pores and other defects are difficult to escape detection.

Secondly, the self - calibration and self - diagnosis functions of intelligent sensors provide a high
level of reliability and stability for eddy current testing automation. During long - term testing
operations, the performance of sensors may change due to environmental factors, component aging,
etc., which may lead to measurement errors and inaccurate detections. Thanks to their self -
calibration capabilities, intelligent sensors can regularly and automatically calibrate their
measurement parameters to ensure high - precision measurements under different working
conditions. At the same time, the self - diagnosis function can monitor the working status of the
sensor in real - time. Once a fault or abnormality is detected, it can quickly issue an alarm and
locate the problem, facilitating timely maintenance and adjustment. This effectively avoids
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misjudgments or missed detections caused by sensor failures, ensuring the stable operation of the
entire eddy current testing automation system.

Furthermore, the adaptive adjustment ability of intelligent sensors optimizes the eddy current
testing process. Different materials and workpieces to be tested have different characteristics. For
example, parameters such as the conductivity and magnetic permeability of materials vary.
Traditional testing equipment may require frequent manual adjustment of testing parameters to
adapt to different testing objects, which is not only cumbersome but also prone to human errors.
Intelligent sensors can automatically adjust testing parameters, such as the magnitude and frequency
of the excitation current, according to the characteristics of the materials to be tested, achieving the
best testing results. This adaptive adjustment not only improves the testing efficiency and reduces
manual intervention but also ensures accurate and reliable detection results in a variety of complex
testing scenarios, further enhancing the overall effectiveness of eddy current testing automation.

In addition, the data analysis and decision - making capabilities of intelligent sensors bring an
intelligent upgrade to eddy current testing automation. It can conduct in - depth analysis of the large
amount of detection data collected. By combining the built - in defect feature library and advanced
algorithm models, it can not only accurately determine the presence of defects but also precisely
evaluate information such as the type, size, location, and depth of defects. This enables the testing
system to provide not only simple defect detection but also comprehensive and detailed defect
information, providing strong data support for subsequent quality assessment, maintenance decision
- making, etc. At the same time, intelligent sensors can be seamlessly integrated with other
production management systems to achieve real - time data sharing and remote monitoring. This
allows managers to promptly understand the testing situation, optimize the production process, and
improve the overall production efficiency and quality control level.

4. Key Technologies for Intelligent Sensors to Facilitate Eddy Current Testing Automation

There are numerous key technologies for intelligent sensors to facilitate the automation of eddy
current flaw detection.

Signal acquisition serves as the foundation. High-precision induction coils work in tandem with
front-end analog circuits. These coils are highly sensitive and can detect even the slightest eddy
current signals generated by defects. The front-end analog circuits then play a crucial role in
preliminary signal processing. They amplify the weak signals, filter out noise, and enhance the
signal quality. This ensures that the acquired signals accurately represent the defect conditions of
the detected object. Moreover, real-time signal acquisition is of utmost importance. The intelligent
sensor must be able to collect a large amount of signal data within a very short period, providing
sufficient and accurate data for subsequent analysis.

Signal processing and analysis are at the core. Algorithms such as Fast Fourier Transform (FFT)
and wavelet analysis are employed to conduct in-depth analysis of the raw signals. FFT can
transform time-domain signals into frequency-domain signals, enabling the extraction of
characteristic frequencies related to defects. Wavelet analysis, on the other hand, is particularly
effective in dealing with non-stationary signals and can more accurately locate signal singularities,
which are often closely associated with defects. In addition, intelligent algorithms like machine
learning have been introduced. By training with a large number of known defect sample data, the
intelligent sensor can learn the signal characteristic patterns corresponding to different types, sizes,
and locations of defects. This enables it to accurately classify and identify defects during actual flaw
detection. Furthermore, self-calibration and adaptive technologies are essential. These technologies
can automatically calibrate parameters and adapt to different environments and detection objects,
ensuring the stability and efficiency of the detection process.
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Communication and data transmission technologies are also vital. Through a variety of
communication interfaces, the intelligent sensor can quickly and accurately transmit the processed
data to devices such as host computers. Encryption and other means are used to ensure the accuracy
and integrity of data transmission. This enables effective data integration and coordinated system
operation, comprehensively promoting the automation of eddy current flaw detection to a new level.

5. Application Cases of Intelligent Sensors in Eddy Current Testing Automation

In the field of automotive engine manufacturing, large enterprises are faced with the problem of
detecting defects in engine cylinder blocks. Traditional manual inspection has low efficiency, is
greatly affected by human factors, and is prone to missed inspections, making it unable to meet the
needs of large-scale production. Therefore, enterprises have introduced an automated eddy current
flaw detection system based on intelligent sensors.

The core of this system is the intelligent sensor, which can be installed on the production line to
comprehensively inspect the cylinder block. Its signal acquisition module can accurately capture the
weak eddy current changes caused by defects and convert them into high-quality electrical signals.
The collected complex signals are analyzed by digital signal processing algorithms and deep
learning algorithms, enabling accurate judgment and classification of defects. At the same time, the
system is equipped with self-calibration and adaptive technologies to cope with complex production
environments. In addition, the sensor transmits data to the host computer in real time through a
high-speed Ethernet. The software of the host computer can manage and analyze the data, and issue
an alarm immediately when a defect is detected.

Since the introduction of this system, the enterprise has achieved remarkable results. The
production efficiency has been greatly improved, and the detection accuracy has been enhanced,
reducing the missed inspection rate to almost zero and improving the product quality. With the
reduction of the manual inspection process, the labor cost has been lowered, and the overall
economic efficiency has been improved. This case highlights the advantages and potential of
intelligent sensors in eddy current flaw detection automation and provides a reference for non-
destructive testing in other industries.

6. Conclusion

In conclusion, intelligent sensors are of great significance for the automation of eddy current
testing. The research on their principles clarifies the theoretical basis for the combination of the two.
Their own advantages have brought a qualitative leap to the automation of eddy current testing, and
the key technologies have ensured the practical application from multiple aspects. In practical cases
in fields such as aerospace, automotive, and power, intelligent sensors have achieved remarkable
results in improving testing efficiency and accuracy, and ensuring product quality and production
safety. However, it cannot be ignored that there are still problems such as high cost, poor
adaptability to complex environments, and immature multi-sensor fusion. Looking ahead, with the
continuous progress of technology, intelligent sensors are expected to make new breakthroughs,
develop in the direction of high performance and low cost, and integrate more closely with artificial
intelligence. The trends of integration and networking in the field of non-destructive testing will
become more obvious. Different testing methods can complement each other, and remote
monitoring and data analysis can be better realized, thus providing more powerful support for
industrial quality assurance. It is believed that with the continuous efforts and support of all parties,
the automation of eddy current testing will surely have a broader prospect and contribute more to
the development of modern industry.
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