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Uniformity analysis of external magnetic field of curved permanent magnet

Kang Rui' Guo Yanging' Duan Zhigiang® Zhang Panpan' Gao Hongwei’
(1. School of Mechanical Engineering, North University of China, Taiyuan 030051, China;
2. Shaanxi Sens Smart Measure Control Co. , Ltd. ,Xi'an 712000, China)

Abstract: In the field of precision measurement and aerospace, the magnetic-grating-like displacement sensor has high
requirements on the uniformity of magnetic field generated by permanent magnet. While the magnetic field uniformity
of common rectangular permanent magnet is poor, which affects the high precision and reliable measurement of
hydraulic cylinder displacement. Therefore, this paper designed a curved permanent magnet with a unique structure.
First based on the molecular current hypothesis and the Biot-Savart Law, to derive the expression of the magnetic
induction intensity of a curved permanent magnet at any point in space; then, the structure size of the permanent
magnet was optimized using the Maxwell electromagnetic field analysis software, to determine the basic size of the
curved permanent magnet; finally, the experimental platform is built to measure the magnetic induction intensity at the
corresponding position of the permanent magnet. By comparing the measured data and Maxwell simulation data, the
results show that the simulation is basically consistent with the experimental results. The curved permanent magnet
can produce a uniform magnetic field, and the relative error of the uniform field does not exceed 3%. In the practical
application of the Magnetic-grating-like displacement sensor, the sensitive element tests the uniform magnetic field,
ensuring the signal quality for the subsequent subdivision of the sensor, thus improving the test accuracy of the sensor,
which further proves the practical significance of the arc permanent magnet.

Keywords: curved permanent magnet; uniform magnetic field; magnetic induction intensity; Maxwell electromagnetic

simulation;the magnetic-grating-like displacement sensor
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Fig. 1 Magnetic induction strength of an arc permanent

magnet to any point P in space
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Fig. 2 Curved permanent magnet model
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Fig. 3 Magnetic induction intensity at different distances

from the surface of the permanent magnet
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Fig. 4 Magnetic induction intensity at different radians
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Fig. 6 Magnetic induction intensity at different widths
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Fig. 8 Experimental platform
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Fig. 9 Magnetic induction strength test scheme
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Fig. 10 Comparison of simulation data and measured data
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Fig. 12 Magnetic-grating-like displacement sensor structure
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