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Measurement principle and structure optimization of two-dimensional
displacement sensor based on planar standing wave magnetic field

Wu Liang, Wang Xinda, Tong Peng, Xu Shi

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

Abstract: In chip manufacturing, intelligent manufacturing, aerospace and other fields, precise plane positioning urgently needs
synchronous independent precise measurement of two-dimensional displacement. In this article, a planar displacement sensor based on
the principle of electromagnetic induction is proposed, which consists of a moving front and a fixed front. The fixed array includes mXxn
planar spiral coil arrays in series. The planar standing wave magnetic field array is generated on the measuring plane when 4 kHz AC
current is applied. The moving front is arranged by four spiral coils in the form of 2X2 matrix, and four-channel modulation signals whose
amplitude changes with the displacement of x axis and y axis are induced. The Cordic algorithm is used to solve the displacement of two
dimensions. This article first introduces the structure and working principle of the sensor. The finite element analysis is implemented to
the electromagnetic model, and numerical simulation is applied to the dislocation algorithm. According to simulation results, the
measurement error is analyzed and traced, and the sensor structure is optimized. The sensor prototype is made and the experimental
verification is carried out, which verifies the feasibility of the decoupling method of sensor structure and position shift. The maximum
error of the sensor in the counter pole is 48.7 wm. And the sensor resolution is 0. 317 wm. Experimental results show that the linearity
of the sensor reaches 0. 15% within the range of 147 mmx147 mm, which provides theoretical support and experimental guidance for the
further development of the high-precision two-dimensional time-gate displacement sensor.
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Fig. 1  One-dimensional sensor structure
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Fig.2  Excitation coil array and transient magnetic field
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Fig. 4  Structure of the 2D sensor
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The amplitude-frequency comparison of y=x direction

XF iR 28 2R HEA TR R S0 A , RN £ P M B y =« T
16 F 2l A2 Y A 2 PN T 18] 9 0R 22 303 1 A 40 11 By
IR RERAL IS AR B I 5 S5 2R b 1 YO R 22 3
YRI5 22 1 4 YR IBER 22 25 B sl )
*3 BEBRREUGIENEREERSEXE
Table 3 Comparison of the measurement error harmonic

components before and after model optimization pm

LIV DLk Rt
0 24.867 833 18. 360 791
1 52.433 165 12. 934 882
2 25. 471 974 17.732 511
3 32.239 234 9.563 910
4 122.616 192 65. 188 817
5 1. 985 529 2.493 572
6 1.311 567 1.775 876
7 2.444 694 1.758 111
8 1. 727 087 1.317 755
9 0.422 192 0.753 168
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