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Simulation of Shupe Effect in Fiber Optic Gyroscope Fiber Coil with
Inclinometer While Drilling

Zhao Jianhui, Xu Fan, Li Fan, Xu He

School of Instrument Science and Opt-Electronics Engineering, Beihang University, Beijing 100191, China

Abstract An elliptic cylindrical fiber optic gyroscope (FOG) for petroleum well trajectory inertial measurement is
designed for the special condition of the limited borehole diameter and the large gradient of temperature in
inclinometer while drilling (IWD). Due to the thermally induced nonreciprocal phase shift in fiber coil, the three-
dimensional (3D) temperature transient response mathematical model of elliptic cylindrical fiber coil is established
by quadrupole (QAD) winding method, which is based on the Shupe effect of fiber coil. Combined with the actual
working environment of FOG, we use finite element method to numerically simulate elliptic cylindrical fiber coil and
analyze the Shupe error at working temperature gradient quantitatively. The experimental results verify the
correctness of the model. In order to compare the thermal error rates of two fiber coils, we simulate the cylindrical
and elliptic cylindrical fiber coils under the same temperature excitation when the fiber length, the layers of fiber coil
and the radius of fiber coil are fixed. The results show that the thermal error rate of the elliptic cylindrical fiber coil
is 35% to 39% smaller than that of cylindrical fiber coil and the precision of the well trajectory inertial measurement
can be improved when the underground measuring instrument is limited in volume.

Key words  fiber optics; fiber optic gyroscope; elliptic cylindrical fiber coil; Shupe effect; finite element;
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Table 2 Comparison of thermal error rate between elliptic cylindrical and cylindrical fiber coils

Layers of Turns of Total effective Thermal error Optimization
Number Fiber coil

fiber coil each layer area /m’ rate /[ (°) « h™ '] ratio /%
1 Cylindrical 24 160 13.1244 3.0276 45 7
2 Elliptic cylindrical 24 96 17.4121 1.9478
3 Cylindrical 28 135 13.3178 2.7954 38.8
4 Elliptic cylindrical 28 82 17.7351 1.7096
5 Cylindrical 32 116 13.4771 2.3506
6 Elliptic cylindrical 32 71 17.9338 1.4438 386
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