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Research on linear time-grating displacement sensor based on
stratified coupling of air gap magnetic field

Yang Jisen, Xiong Hao, Wen Jie, Tuo Wanzhang

( Engineering Research Center of Mechanical Testing Technology and Equipment, Minisiry of Education,
Chongqing University of Technology ,Chongqing 400054, China)

Abstract It is difficult to balance the high signal-to-noise ratio and high time interpolation resolution of the electromagnetic linear time
gate displacement sensor developed in the early stage. To address this issue, a new sensor structure for improving the signal to noise ratio
of the sensor is designed, and a new measurement method with high signal-to-noise ratio and high time interpolation resolution is
proposed. A linear time gate displacement sensor based on stratified coupling of air gap magnetic field is developed. The mathematical
model of the sensor air gap magnetic field is formulated, the spatial distribution characteristics of the air gap magnetic field are analyzed,
and the principle of hierarchical coupling of the air gap magnetic field of the plane coil is studied. According to the principle of stratified
coupling of air gap magnetic field, a stratified coupling displacement measurement model of the sensor air gap magnetic field is
established. Electromagnetic field is simulated and error of sensor measurement model is analyzed. Finally, an experimental platform is
built to test the performance of the sensor. The experimental results show that the structure of layered coupling of air gap magnetic field
improves the signal-to-noise ratio of the sensor, and the measurement accuracy of the sensor is improved by 31. 4% on the original basis.
The high signal-to-noise ratio and high time interpolation resolution measurement method are adopted. The measurement accuracy of the
sensor is improved by 37.3% on the original basis.

Keywords : linear time-grating displacement sensor; air-gap magnetic field; signal-to-noise ratio; exponential shaped coil
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Fig. 1 Schematic of electromagnetic coupling of the sensor
B B R FH A H SR S 28 ok v i JFL T 75 S 1 Bl
Yy NGRS SRR BN B 2 R,

(a,,9)

/.
0

(4,

L

x,y

i

I
0 w2 3R o000 X
4, D, |4, D, A
(a,—¢) (b,—) x =+ W x=b+W

B2 fLias B 7 R R

Fig.2 Mathematical model of the sensor’s air gap magnetic field
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