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Response Model and Compensation Technology of Thermal Diffusion
Delay in Fiber Optic Gyro Coil
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Abstract The delay response characteristics of bias drift caused by the non-reciprocity phase errors of a fiber coil in
the fiber optic gyroscope (FOG) are investigated. The correlation between temperature and delay time is revealed
and the modified temperature drift compensation model is established. In addition, the high-precision FOG
experimental system is built. The delay characteristics of the non-reciprocity phase errors are verified using the
approximate "square wave" temperature variation at different temperature ranges, and the model parameters of the
experimental fiber coil are obtained as well. The test of FOG bias drift in full-temperature is carried out. The
experimental results show that the modified model can used to achieve a better compensation effect based on the
thermal diffusion mechanism, and the correctness and validity of the new model are verified.
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Fig. 1 Schematic of fiber coil expansion
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Fig. 2 Temperature distribution of fiber coil. (a) Overall distribution; (b) equivalent semi-infinite thermal diffusion model
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Fig. 3 Schematic of temperature change at position d in

fiber coil under different diffusion coefficients
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Fig. 5 Experimental photos. (a) System photo; (b) installation photo of turntable with temperature chamber
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Table 1 Parameter values of no-delay model
T /C a b c d
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45—>65—>45 —1.24X107° —3.22X107° —0.000531 1.00141
Average value —7.80X10°° —2.53X10°° —0.000367 1.00017
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Table 2 Parameter values of delay model

T /C a b

¢ d zq /(10% s) 74 /(10% s)

—25—>—45—>—25 —5.11X10°° —3.45X10°°
10—>—10—>10 —7.66X10 ° —1.94X10 °
45—>65—>45 —1.95X10° —3.75X10°°

Average value —1.08X107° —2.87X107°
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Table 3 Zero biases of gyro before and after compensation

Bias drift Bias drift
Original bias
i without with delay
T /C drift Qy/
delay Q¢/ 0y/
[(Deh ] 5 3
[eh '] [eh ']
—25—>—45—>—25 0.0071 0.0037 0.0023
10—>—10—>10 0.0042 0.0030 0.0021
45—>65—>45 0.0113 0.0055 0.0031
gl —=— response time 7
_ — least square fitting of 7,
[}
ok
() L
E°
g 5
5
3
B4
~ 7,=7,~0.0549XT

-40 -20 0 20 40 60
Temperature /°C
&l 8 AP HICHE U3 e 7 ] 5 30 B G 7R th 2k 1
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