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Abstract—The eddy current field characteristics of the probe 

based on the eddy current magnetic field sensing principle of 

eddy current displacement sensor are the key to influence the 

performance of the sensor. In this paper, the eddy current field 

simulation of probe coils with different structures is performed. 

The effect of coil size and shape on the performance of the 

sensor is analyzed. The eddy current field characteristics of 

probe coils with different structures are studied. And build an 

experimental platform to test and analyze, verify the correctness 

of the simulation results, and lay the foundation for perfecting 

the eddy current displacement sensor theory and further 

optimization design. 

I. THEORETICAL RESEARCH AND SIMULATION ANALYSIS 

A. Test Theory of Eddy Current Displacement Sensor 

The eddy current displacement sensor uses the eddy 
current effect to perform displacement test. According to 
Faraday's law of electromagnetic induction, when the sensor 
probe coil is connected to a sinusoidal alternating current i1, a 
sinusoidal alternating magnetic field H1 is generated in the 
space around the coil, which causes the induced current on the 
surface of the measured metal conductor in the magnetic field, 
and also named eddy current[1], as shown in Fig.1. At the same 
time, the electric eddy current i2 produces a new alternating 
magnetic field H2, which is opposite to the direction of H1, and 
the reverse magnetic field will weaken the H1, thus the 
equivalent resistance of the probe coil will change 
correspondingly, and the displacement x can be measured by 
the change of the equivalent impedance Z in the control circuit. 

 

Fig.1 Schematic diagram and equivalent circuit diagram of eddy current 
displacement sensor 

In the figure, R1 and L1 are the resistance and inductance of 
the sensor probe coil. The short-circuit ring can be considered 
as a short-circuit coil, where R2 and L2 are the resistance and 
inductance of the conductor under test. There is a mutual 
inductance M between the probe coil and the conductor, which 
increases as the distance between the coil and the conductor 
decreases. U1 is the excitation voltage. According to the 
Kirchhoff voltage balance equation, the equilibrium equation 
of the equivalent circuit in the figure above is as follows: 

 

By deriving a series of equations, the equivalent 
impedance Z of the probe coil can be expressed as the 
following function[2]: 

 

Where:   σ --- conductor conductivity measured 

ξ---The conductor permeability measured 

ρ---coil size factor 

δ---Induction coil distance from measured metal 

surface 

I --- current intensity 

ω---excitation frequency 
From the formula point of view, the main factors affecting 

the characteristics of the eddy current displacement sensor are 
the resistivity σ of the tested metal conductor, the permeability 
ξ, the coil size factor ρ, the distance δ of the coil from the 
measured metal conductor, the current intensity I, and the 
excitation frequency ω. This paper mainly studies the size 
factor ρ and the distance δ from the induction coil to the metal 
conductor. 

B. Simulation Analysis Model 

The main factor affecting the coil size factor is the size and 
shape of the coil. Combined with the installation size of the 
magnetic levitation sensor and the material of the measured 
shaft and other parameters, a simulation model was 
established in ANSOFT Maxwell, as shown in Fig.2 . 

    
Fig.2 Simulation model of eddy current displacement sensor 

a) Simulation analysis of cylindrical coils 

The cylindrical coil is the most widely used sensor coil in 
the field of eddy current sensors. According to the mounting 
structure of the sensor of the magnetic levitation unit, 
parameters such as coil inner diameter a, outer diameter b, 
thickness c, and distance δ between the coil and the metal 



conductor are set, as shown in Fig.3 . The number of turns of 
the ampere turns should be calculated based on the cross-
sectional area of the coil and the coil diameter, and the current 
and the excitation frequency should be constant. 

   

Fig.3 Simulation of cylindrical coil 

Taking the inner diameter a of the coil, the outer diameter 
b and the distance δ from the metal conductor of the coil as 
variables, the inductive eddy current density of the measured 
surface is simulated and the results are as follows: 

 

a：Coil inner diameter b:Coil outer diameter j:Magnetic density 

Fig.4 Simulation results of cylindrical coil 

From the simulation results, we can draw the following 
conclusions: 

1. When the distance δ between the coil and the metallic 
conductor being measured is constant, the larger the cross-
sectional area of the coil, the denser the induced eddy current 
field. 

2. In the case of the same coil cross-sectional area, the 
larger the outer diameter of the coil, the greater the density of 
the induced eddy current field; 

3. The greater the distance between the coil and the 
measured metal conductor δ, the smaller the density of the 
induced eddy current field. 

b) Simulation analysis of trapezoidal coil 

Analysing the magnetic flux division of the cylindrical coil, 
it was found that the magnetic lines were mainly concentrated 
on the center of the coil and on the side close to the metal 
sensing surface. The magnetic field strength of the part far 
from the center of the coil and the part far from the tested 
metal conductor was low, so consider to adjust the shape of 
the coil to a trapezoidal coil for simulation analysis. 

Taking the inner diameter of the coil a, the outer diameter 
b of the small end, the outer diameter d of the big end, and the 
distance δ of the coil distance from the metal conductor as 
variables, the coil thickness c is a fixed value, and the 
simulated eddy current field density of the measured surface is 
simulated. As shown in Fig.5 . 

   

Fig.5 Simulation of trapezoidal coil 

The comparison of the simulation results of the trapezoidal 
coil and the cylindrical coil is as follows: 

  

Fig6. Comparison of simulation results for trapezoidal and cylindrical coils 

From the simulation results, we can draw the following 
conclusions: 

1. In the case of the same cross-sectional area and the same 
inner diameter, the current field density of the trapezoidal coil 
is larger than cylindrical coil; 

2. In the same inner three-dimensional size (the same inner 
diameter, the same maximum outer diameter), current field 
density of  trapezoidal coil is less than the cylindrical coil; 

c) Simulation analysis of hollow coil 

By analyzing the magnetic line division of the cylindrical 
coil, it is found that the magnetic field strength of the center 
part of the single-side coil is low, so consider the shape of the 
cylindrical coil is adjusted to a hollow coil for simulation 
analysis, that is, the coil center is filled with round plastic 
parts, it will be made hollow shape. As shown in Fig.7. 

   

Fig.7 simulation of hollow coil 

The three-dimensional dimension of the air coil is set to be 
the same as that of the cylindrical coil, and the simulated eddy 
current field density of the measured surface is simulated. The 
results are as follows: 

 

Fig.8 Simulation data of  the hollow coil 

It can be seen from the simulation results that the induction 
eddy field density of the hollow coil is slightly lower than that 
of the columnar coil under the same three-dimensional size. 
Under the same cross section, the eddy current field density of 
the hollow coil is higher than that of the cylindrical coil. 



 

II. EXPERIMENTAL VERIFICATION 

A magnetic suspension displacement sensor testing system 
is built based on Labview to realize automatic data recording 
and processing. As shown in Fig.9. 

 

Fig. 9 The eddy current displacement sensor static calibration system operation 
interface 

The wound coils of different sizes are assembled into the 
sensor housing, and the corresponding resonant voltage 
fluctuation value of the sensor is tested according to the 
requirements of the magnetic levitation unit on the starting 
point of the displacement sensor range. 

      
 

    
 

Fig.10 Schematic diagram of cylindrical coil, trapezoidal coil and hollow coil. 
Sensor conformation 

 

Fig.11 The test data of the resonant voltage of the coil 

III. DATA ANALYSIS 

By analyzing the resonant voltage test data of coils of 
different sizes and shapes, it was found that the main factors 
influencing the coil eddy current field characteristics were the 
coil cross-sectional area, the maximum outer diameter of the 

coil, and the distance of the coil from the measured metal 
conductor, and the law was also found: 
a) The larger the cross-sectional area of the coil (the smaller 

the inner diameter, the larger the outer diameter, and the 

thicker the thickness), the larger the resonant voltage; 

b) In the case of the same coil cross-sectional area, the larger 

the outer diameter of the coil, the greater its resonant 

voltage; 

c) The coil resonant voltage is inversely proportional to the 

distance δ from the coil to the metal conductor under test; 

d) In the case of the same three-dimensional dimensions (with 

the same inner diameter, the same maximum outer 

diameter, and the same thickness), the order of coil 

resonant voltages is: columnar coils ≥ hollow coils ≥ 

trapezoidal coils;  

e) In the case of the same cross-sectional area and the same 

inner diameter, the amplitude of the resonant voltage 

fluctuation of the hollow coil is the largest; 

f) In the case of the same three-dimensional dimensions, 

setting a reasonable hollow size of the coil will have less 

influence on the magnetic field distribution of the coil and 

the density of the induced eddy current field. 
 

IV. SUMMARY 

This paper studies the eddy current magnetic field 
characteristics and the main influencing factors of the probe 
coil. Through the eddy current field simulation of cylindrical 
coils, trapezoidal coils, and hollow coils of different sizes, the 
influence of coil size and shape on the sensor performance 
was analyzed. The experimental platform was set up for 
testing and analysis, and the correctness of the simulation 
results was verified, which laid the foundation for perfecting 
the theory of eddy current sensors and further optimizing the 
design. 
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