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Abstract 

Small and medium bridges have a large volume and a wide range. Compared with large 
bridges, the frequency of problems is higher. However, due to cost and other factors, 
health monitoring systems are generally not installed, and its technical status and 
operational safety are difficult to effectively monitor. The bridge structure health 
monitoring system monitors and evaluates the health status of the bridge structure by 
collecting various bridge status information such as strain, displacement, deformation, 
dynamic response, and temperature. At the same time, various signal equipment and 
sensor equipment are also widely used in various fields. The use environment of the 
eddy current sensor is generally harsh, especially when it is applied in an environment 
with large temperature changes, its stability performance is severely tested. This article 
discusses the eddy current sensor, and explains its working principle and temperature 
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1. Introduction 

In the century when human society has fully entered the era of electronic information, the 
sensor and detection technology as the forefront of information science and technology will 
become a commanding height in the field of information science and technology in this century, 
[1]. The eddy current sensor is manufactured by using the eddy current effect and has a wide 
range of uses. It can be used to measure various physical quantities such as displacement, 
vibration, speed, temperature, differential expansion and thickness, and has a simple structure, 
good reliability, and high sensitivity. , No oil pollution, strong anti-interference ability and many 
other advantages. Therefore, eddy current sensors have been widely used in the detection of 
parameters such as displacement, size, vibration, speed and thickness. Sensor is an application 
technology in the field of engineering information detection. Today, with the rapid development 
of microelectronics and computers, this non-electricity detection technology presents many 
obvious advantages and is the main body of modern detection technology [2]. But in the high 
temperature range (for example, above 100C), there are serious measurement errors, and 
people are very concerned about it. The current common method is to use temperature 
compensation technology. In the past ten years, the output and demand of the world sensor 
market have been developing continuously and steadily, and the annual growth rate has 
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reached more than that. The total annual sales of global sensors have exceeded 100 million U.S. 
dollars, and this sales will continue to grow. 

2. Eddy sensor 

2.1. Coil impedance characteristics  

The sensor made according to the eddy current effect is the electric vortex sensor. When the 
eddy current sensor works in amplitude modulation mode, a flat coil L is connected in parallel 
with a capacitor to form a resonant circuit as the oscillator load. Using the above-mentioned 
eddy current effect, some non-electricity parameters are converted into the change of sensor 
coil impedance or inductance, and the change of quality factor value coil loss, so as to realize 
the accurate measurement of non-electricity [3]. When there is no DUT, the loop resonates at a 
certain frequency. After the sensor coil is excited by the high-frequency crystal oscillator, a 
high-frequency magnetic field is generated around it. When a metal object to be measured 
approaches the coil, the magnetic field of the coil induces eddy currents in the object to be 
measured. In terms of its composition, the eddy sensor is mainly composed of three links, 
including the measured body, the probe and the detection circuit. The structure diagram of the 
eddy sensor is shown in Figure 1. 

 
Fig. 1 Structure diagram of eddy sensor 

2.2. Page Numbers.  

The coil value of the eddy current sensor probe is an important factor in the design of the sensor. 
It is related to various factors such as the high-frequency skin effect and the dielectric loss of 
the skeleton. It is also affected by inductance and resistance. Factors, optimize the coil 
parameters [6]. The coil impedance of the eddy current sensor consists of two parts, the AC 
resistance and the impedance of the coil. For single-strand guide 

Wire coil, at the audio frequency operating frequency, general resistance>inductive reactance. 
The main factor affecting impedance (inductive reactance) is resistance. , So the impedance 
increases as the temperature increases. Temperature drift has been proven to be the most 
important error of eddy current sensors. Both inductance and resistance will drift when 
temperature changes. However, theory and experiments have proved that temperature has a 
much greater impact on impedance than inductance. In order to obtain the most optimized coil 
parameters and the smallest temperature error. 

(1) The sensor is arranged parallel to the beam axis and measures the axial force and bending 
moment at the corner or midpoint of the beam surface. The axial stress: 

E                                                                            (1) 

In formula (1),   represents strain; E represents elastic modulus, in MPa. 

The sensor is arranged at 45° on the beam axis, and only the shear strain is measured. The 

specific relationship between the maximum shear stress and the principal strain m  is as 
follows: 
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In formula (2), E represents the modulus of elasticity;   represents Poisson's ratio; m  

represents the strain in the 45-angle direction. 

The sensor is equipped with 45° strain rosettes, which mainly measure the specific values of 

axial force, bending moment and shear stress. The calculation formulas of principal strain 1 , 

2  and principal strain direction angle   are: 
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The calculation formula of principal stress 1  and 2  is: 
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When working under medium and high frequency, the resistance is generally less than the 
inductive reactance. If the flat coil can be kept unchanged, the AC resistance can be reduced 
significantly, so that the AC resistance is less than the inductive reactance. Then the influence 
of the coil resistance and the AC resistance on the impedance will be reduced to a secondary 
factor, so that even if the temperature change will cause the change of the AC resistance, the 
impedance will be affected by the temperature change to a very low level, so as to achieve the 
purpose of suppressing the temperature drift of the impedance. , That is, the coil impedance 
can remain stable in a large temperature range [7]. The AC impedance is also affected by many 
other factors: 1. The size, shape, thickness and surface flatness of the metal material to be tested. 
2. The material properties of the tested metal, especially the conductivity and resistivity. 3. The 
DC resistance of the coil and its own shape parameters, etc. 4. Ambient temperature. 5. Working 
frequency. 

3. Temperature stability of eddy sensor 

3.1. The effect of temperature on the probe 

When the eddy current sensor is working, the probe is in the working environment, and it is 
more susceptible to the influence of environmental temperature changes [8]. Put the sensor 
probe in a thermostat, heat it to different temperatures and keep it warm for half an hour. It 
can be seen that the sensor probe has sensitivity temperature drift and zero temperature drift. 
If you use the two indicators of zero drift and full scale drift to calculate, The drift value is very 
high [9]. At present, the main methods to reduce the influence of the probe on the temperature 
drift are the use of differential probes, multi-strand identification and other methods. 

The zero drift is mainly caused by the resistance of the wire, the electromagnetic loss of the 
electrolyte of the probe frame, and the drift of the coupling degree between the sensor coil and 
the measured body. From the principle of the eddy current sensor, the probe uses an induction 
coil and the coil frame to pass through. Adhesive bonding. Sensitivity drift is caused by the 
temperature drift of the ratio of coil inductance to the measured body inductance, and the 
temperature drift of the ratio of coil resistance to measured body loss resistance [10]. The 
resistance, inductance and capacitance components are not greatly affected by temperature, 
and their consistency is good, while transistors are more sensitive to temperature. The 
temperature compensation network designed in the circuit is generally composed of 
transistors. Controlling the drift at the maximum linear range of the probe greatly improves the 
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temperature stability of the sensor probe. Therefore, the temperature drift of the sensor we 
mentioned is the temperature coefficient at the maximum linear range of the backbone [11]. 
When working, the Proximitor is placed in a room temperature environment, which is not 
affected by the temperature. It can be seen from the above experiment that even when the 
temperature is high, the sensor output does not change sharply with the increase in 
temperature, and the temperature drift is not large. The built-in temperature compensation 
circuit in the proximitor circuit mainly compensates for the temperature drift of the probe. 

3.2. Temperature compensation technology 

For specific needs, in the closed-loop control system, the eddy current sensor provides the 
position feedback signal. The control system controls the position of the measured target 
surface. The measured target surface is required to be in a balanced position and remain 
relatively stable, that is, the measured target surface is required The relative position with the 
sensor probe remains unchanged. The measurement of displacement and temperature 
compensation are completed by the basic modulation circuit and temperature compensation 
circuit at the same time. The modulation circuit realizes the basic measurement and output of 
displacement, but the temperature drift in the output signal is very obvious [12]. Ideally, if there 
is no displacement change between the eddy current sensor probe and the measured target 
surface, the output voltage of the sensor will not change, and the change of the position 
feedback signal is zero, and the control system will not change the relative displacement of the 
measured target surface. Location. The temperature compensation circuit compensates the 
sensitivity and signal base value for the displacement signal with temperature drift, and finally 
suppresses the temperature effect within the allowable range. The principle of the excitation 
signal generator is shown in Figure 2. 

 
Fig. 2 Principle diagram of excitation signal generator 

In practical applications, the ambient temperature varies from -40 ℃ to 60 ℃, and the sensor's 
own temperature drift will cause measurement errors. This error will be regarded as caused by 
the change in the distance between the measured target surface and the sensor probe. The 
control system Close-loop control will be carried out on the measured target surface, and the 
actual position of the measured target surface will be changed, resulting in the control of 
situations that should not be controlled. The test circuit of ordinary eddy current displacement 
sensor can be roughly divided into three categories according to the principle: constant 
frequency amplitude modulation circuit, variable frequency amplitude modulation circuit and 
frequency modulation circuit. When there is temperature compensation, the response is that 
the distance between the sensor and the target surface to be measured remains relatively stable, 
and the corresponding relationship between the output voltage and temperature; but without 
temperature compensation, it cannot truly reflect whether the output voltage of the sensor is 
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affected by temperature or affected by temperature. The voltage change caused by the thermal 
expansion and contraction of the probe or the target surface under test.  

4. Conclusion 

The eddy current sensor can achieve accurate measurement in a normal temperature 
environment. Temperature is an important factor affecting the performance of eddy current 
sensors. It is particularly important whether the eddy current sensor can maintain good 
performance when the temperature changes and in high-temperature environments. However, 
when the eddy current sensor works in a specific high temperature environment, the magnetic 
permeability of the measured conductor changes due to changes in the excitation current, the 
frequency of the excitation signal, and the ambient temperature T of the conductor being 
measured by the eddy current sensor. Affect the electrical signal output by the sensor, and 
ultimately make the measurement accuracy of the eddy current sensor drop drastically or even 
fail to measure normally. Theories and experiments have proved that temperature drift is the 
most important factor that affects the performance of eddy current sensors. How to reduce the 
temperature drift error of eddy current sensors has become an issue of increasing concern for 
sensor manufacturers. With temperature compensation, the amount of voltage change is 
reduced by nearly 50% compared to when there is no temperature compensation. As a result 
of temperature compensation measures, the distance between the measured target surface and 
the probe remains relatively stable. 
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