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Linear time grating displacement sensor based on linear array of planar coils

Wu Liang, Peng Donglin, Lu Jin, Tang Qifu, Chen Xihou

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

Abstract: Aiming at the problem that in the generation process of travelling magnetic field in existing magnetic field linear time grating
displacement sensor, the tooth and slot influence the velocity uniformity of travelling magnetic field, this paper proposes a linear time
grating displacement sensor based on linear array of planar coils. The sensor structure without tooth and slot improves the velocity
uniformity, can realize the high precision measurement under large polar distance. In the sensor, two phase exciting coils exerted with
orthogonal signals are arranged alternately to form a linear array of planar coils, the generated travelling magnetic field is acquired by the
pick-up coils to obtain electric travelling signal, and the displacement quantity is obtained after signal processing. The magnetic field
finite element analysis software is used to conduct modeling simulation on the sensor, the measurement error is acquired from the
simulation results; the measurement error is analyzed and traced through theoretical analysis, and the sensor structure is optimized based
on the analysis result. A sensor prototype was developed according to the analysis and optimization results, and the accuracy experiment
was conducted. The experiment results show that the measurement accuracy of the sensor is =1 pm in the range of 240 mm, and high
precision measurement is achieved.
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Fig.1 Schematic diagram of the sensor structure
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Fig.2 The winding direction and arrangement relation

along X-axis for the sensor planar coils
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Fig.3 Calculation model of the senor exiting coils
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Table 1 Parameters of the simulation model
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Fig.4 Magnetic inductance intensity nephogram of

the sensor model
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Fig.5 Induced electromotive force of the
sensor pick-up coils
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Fig. 6 Initial phase angle and measurement error

of the induced electromotive force
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Fig.7 Calculated magnetic induction intensity within

the paired poles of single phase exiting coils
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the calculated induced electromotive force
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calculated and simulated measurement errors
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Table 2 Comparison of the measurement error harmonic

components before and after model optimization

LB/ AR 10 i y e y
TRlkpEmR iR

0 -0.002 21 -0.002 45 -0.002 300

1 0.000 044 0.000 040 0.000 048
2 0.001 719 0.001 691 0.001 719
3 0.000 044 0.000 011 0.000 050
4 0.114 650 0.043 233 0.002 228
5 0.000 043 0.000 040 0.000 068
6 0.000 064 0.000 045 0.000 059
7 0.000 044 0.000 024 0.000 047
8 0.002 878 0.000 284 0.002 200
9 0.000 022 0.000 010 0.000 060

5 £ W

ML AR ZE R AL 4 2R >R PCB 2038 T2 T
FLERIN AL AL 14 ket 1) Dol i £ Pl Rl 3 4 BRCZK B A
13 7R, RIS HANR 1 PR . SRR 45 W T
T 8%, 2 T R 1286 0¥ Dl s 24 1) R 43 IR 181 O ol 8l
JURIRE R

(a) BRIk e
(a) Magnetic field pick-up coils

(b) Jili 2k pel
(b) Exiting coils

() b 2 Vel J=i s

(c) Partial magnification of the exiting coils

K13 fRidscy)

Fig. 13 Photos of the linear displacement sensor
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