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Design and magnetic field analysis of double-layer heating
plate for fiber optic gyroscope

Zhang Yan', FuXinzhe',;, Zhu Kuibao', ~ Wang Chuanchuan®,  Ge Xianghu',  Han Ziteng'
(1. School of Electrical Engineering, Hebei University of Science and Technology, Shijiazhuang 050018, China;
2. State Key Laboratory of Complex Electromagnetic Environmental Effects of Electronic Information Systems, Luoyang 471003, China)

Abstract: In a complex electromagnetic environment, magnetic field interference is one of the main reasons for
the error of fiber optic gyroscopes. To reduce the influence of the magnetic field generated by the heating plate in the
body of the fiber optic gyroscope on the accuracy of the gyroscope, a double-layer heating plate structure is designed,
and a comparative analysis of the magnetic field at the fiber optic ring position above the single-layer and double-layer
heating plates is carried out by using the finite element method, and the influence of the magnetic field on the accuracy
of the fiber optic gyroscope is calculated based on the analysis results. The results show that the magnetic field of both
heating plates is non-uniform at the location of the fiber optic ring. The magnetic flux density near the fiber optic ring
to the heating plate has a ring-like distribution, while the magnetic flux density away from the heating plate has a
strong center and weak center distribution. With the increase in the distance between the fiber ring plane and the
heating plate, the maximum magnetic flux density of the single-layer heating plate on the fiber ring plane is about 30
to 122 times that of the double-layer heating plate. The magnetic sensitivity phase error of the fiber optic gyroscope
varies sinusoidally with the direction of the magnetic field and the angle between the fiber ring. The phase errors of the
magnetic field on the lower surface of the fiber ring are 1.299x107"" rad and 5.572x107"* rad, respectively. The above
results prove that the magnetic field of the double-layer heating plate interferes with the fiber-optic gyroscope much
less than that of the single-layer heating plate and that the electromagnetic interference generated by the double-layer
heating plate is much smaller, which is more conducive to improving the accuracy of the fiber-optic gyroscope.
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Fig. 4 Magnetic flux density distribution at different distances above the heating sheet
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Table 1 Maximum magnetic flux density value of single and double heating pad magnetic field in the spatial plane

" L/mm maximum value of magnetic flux density maximum value of magnetic flux density maximum flux density
of single-layer heating pad/T of double-layer heating pad/T multiplier
1 8.1 8.063x10°° 2.691x1077 30
2 10.6 6.235%10°° 1.312x1077 48
3 13.1 5.007x107° 9.560x107® 52
4 15.6 4.259x10°° 6.630x10° 64
5 18.1 3.779%10°° 4.610x10°* 82
6 20.6 3.328%10°° 3.960x10°8 84
7 23.1 3.002x10°° 3.070x10°® 98
8 25.6 2.741x10°° 2.610x10°® 105
9 28.1 2.490x10°° 2.350x10°8 106
10 30.6 2.259x10°° 2.080x10°* 109
11 33.1 2.063x10°° 1.690x10°* 122
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Fig. 5 Magnetic flux density on the fiber ring with L, diameter
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Fig. 6 Magnetic flux density of heating plate at the observation point of optical fiber ring
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Fig. 7 Distribution curve of maximum magnetic flux density for different thickness and

spacing of double-layer heating pad wires in the spatial plane
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Table 2 Calculation parameters of phase error of fiber optic gyroscope sensitivity to heating plate magnetic field

heating plate n L/mm R/m 6'0/(°) B'yT
1 8.100 —-0.024 —176.251 8.063x10°°
single-layer 6 20.600 —0.041 —17.341 3.328x10°°
11 33.100 —0.053 -171.174 2.063x10°°
1 8.100 —0.020 9.356 2.691x1077
double-layer 6 20.600 —0.027 —69.422 3.960x10°®
11 33.100 —0.038 —160.012 1.690x10°®
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Fig. 9 Gyro phase error caused by magnetic field in the bisector plane of the fiber ring distance from the heating plate L,
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Table 3 Maximum phase errors of the gyroscope induced by the magnetic field at

different distances on the surface of the heating plate

n L/mm phase error of single layer heating plate/rad phase error of double layer heater/rad
1 8.1 1.299x10°"° 5.572x107"
6 20.6 1.925x107" 5.343x107"
11 33.1 3.232x107" 1.193x107"
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