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Abstract For the performance degradation of total reflection prism laser gyros in the front and rear of reset
jump, the properties of frequency stabilization of total reflection prism laser gyros are studied systematically.
Based on the theory of power tuning characteristic in the small jitter modulation and the serving element of
frequency stabilization, a mathematic model of the frequency stabilization system in the total reflection prism
laser gyros is proposed. The frequency stabilization accuracy is derived as a function of the heater voltage and
rate of temperature, and the theoretical calculation formula of best reset jump threshold is given. The results
show that the increase of temperature rate and the reduction of heater voltage can lead to degradation of
frequency stabilization accuracy, and the best reset jump threshold increases with the environment
temperature increasing, in the fixed and varied temperature environments, the fixed reset jump threshold can
result in decreasing accuracy of frequency stabilization after reset jump. Using variable gain II type frequency
stabilization system and setting best reset jump threshold, the performance degradation of the front and rear of
reset jump can be eliminated effectively, and the gyros accuracy can be improved by over 40%. The analytic
study provides an important reference for improving the performance of total reflection prism laser gyros.
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Table 1 Comparison of gyros accuracy under original frequency stabilization and variable gain I type frequency stabilization

Original frequency stabilization Variable gain Il type frequency stabilization
Temperature /C 2
Gyros accuracy /(°/h) Random walk /(°/h'?) Gyros accuracy /(°/h) Random walk /(°/h'?)
—40 1.13% 0.38% 0.64% 0.18%
+25 1.06% 0.35% 0.52% 0.14%
+70 1.11% 0.37% 0.59% 0.17%
—40~470 1.47% 0.49% 0.74% 0.21%
+70~—40 1.51% 0.50% 0.73% 0.20%

0102002-6



S I S

150, 12.0 150 t
—— LG output — LG output 120
$149; . . heater voltage/7 o = N 149 heater voltage|; =
] l ! s 4 ’ %
2 0 = &
£148 24 8 2148 =
=} g B >
147 -24 5 Bur o
o = 3 5
2146 72 2 Q6 _79 T
5 : 12.0
145100 ~200 300 400 15100 200 300 4doo 20
Time /(10 s) . Time /flO s) 3
(a) original system, T=25 C (b) variable gain II type system, T=25 ‘C
150 — T 150 12.0
——LG output -—LG output
] g = ©149 heater voltage7 9 >
g g A g
=] ) = S
> 2 >
] g £ g
: i : s
& q g | =
15— 160 200 300 a0 20 145 100 200 00 doo 120
Time /(10,5) , Time /(10 s) . .
8c) original system, 7=-40 ‘C~70 C (d) variable gain II type system, T=-40 C~70 'C
15 -18.0 150 18.0
— LG output ——LG output )
EMQ i 132 & 8149 - heater voltage | 5 &
| ﬁ:g = b dl.d =)
£148 8.4 g 2148 84 8
5 S B S
Bt 36 5 Bt 36 &
o & S o w
146 -12:m Q146 -128
= -6.0
455 —"150 200 300 400 0 45— 160 200 300 400
Time /(10 s) Time /(10 s)
(e) original system, 7=70 'C~-40 C (f) variable gain II type system, 7=70 ‘C~-40 C

5 AR E T TRPLG 73 51 5% A R0 2 98 AR 39 a5 11 B RG % i1C45
Fig.5 Test results of TRPLG at different temperatures under original frequency stabilization and variable gain Il type

frequency stabilization

4 %5 1B

£ XF TRPLG 78 BEBL T I PERE T R A0 30 2 dl 7 1 RSO0 42 1) 28 0PRSS TRY , ob ASU00 ok A Fn Wk A o R AT T
PERE AT, S5 R, TRPLG R Wi il R4 0 1 BY R G0 , R WUKS J Bl B 53 3L 1 2% 118 0 /)N 1 412 5, B fin A2
FE R A R AT T T B I A R ARE T T B S5 PR B R B A O BRI T B e B A 2, & SOk B 5 RRUBORS B R R . A I
I 45 5 NHE i RE T TRPLG 7 BEBIHTJ5 PERE N REAY IR A . FEpbIEab b B2l 7 AR 3G 25 1T BV R 4t
R A AR T IR B T Bk RT SR FE IR PERE TR S . LI A5 AR (R AR 15 1 AURR A R 4,
AT LK B B8ORS B2 78 IR JE A 4R 40% UL I

& E XM

1 Y V Bakin, G N Ziouzev, M B Lioudomirski. Laser Gyros with Total Reflection Prisms[M]. Moscow: Moscow Bauman State
Technical University, 2003. 1-34.

2 Yao Chengkang, Zeng Xiaodong, Cao Changqing. Intensity properties of output light in prism laser gyro with mechanical dither bias
[J]. Acta Phys Sin, 2012, 61(9): 094216.
W R, W e AR, B ISR AL S M B SO GRE IR I SOG R B R[] 9 B4R, 2012, 61(9): 094216.

3 Ma Jiajun, Jiang Junbiao, Liu Jianning. Frequency stabilization technique of total reflection prism laser gyros with double
longitudinal modes[J].Chinese J Lasers, 2014, 41(9): 0902011.
A, G, XA T A R B B O FE IR SRR R [J]. Hh O, 2014, 41(9): 0902011,

4 Liu Jianning, Jiang Junbiao, Shi Shunxiang. Analysis of total reflection prism ring laser’s output characteristic and gyroscope’s

accuracy[J]. Chinese J Lasers, 2013, 40(1): 0102002.

0102002-7



A I S
XM T, A, A A RS e B = PR T O A RGBT R B MEORS B R E 43 D). Hh BENBOEG, 2013, 40(1): 0102002,
5 Liu Jianning, Jiang Junbiao, Lian Tianhong, et al.. Analysis of total reflection prism ring laser’s cavity stress and gyroscope’s
haracteristics[J]. Chinese J Lasers, 2013, 40(11): 0102003.
XU T, 40, R L, A5 AR M L 0 6 4 R A e B RO PR R i L O 5 0 A R S i [T, R B Ok, 2013, 40(11):
0102003.
6 Weng W Chow, Jarel B Hambenne, Thomas J. Multioscillator laser gyros[J]. Quantum Electronics, 1980, 16(9): 918-936.
7 Willis E Lamb, Jr. Theory of an optical maser[J]. Phys Rev, 1964, 134(6A): 1429-1450.
8 Leonel N Menegozzi, Willis E Lamb, Jr. Theory of a ring laser[J]. Phys Rev, 1973, 8(4): 2103-2125.
9 Frederick Aronowitz. Theory of a traveling—wave optical maser[J]. Phys Rev, 1965, 139(3A): 635-646.
10 Gao Bolong, Li Shutang. Ring Laser Gyro[M]. Changsha: National University of Defense Technology Press, 1984. 50-52.
FAE e, RS OB BERR M. KV R B R R AL, 1984, 50-52.
11 Fan Zhenfang, Luo Hui, Lu Guangfeng, et al.. Research and discussion on the lock—in threshold variation of ring laser gyro[J]. Acta
Phys Sin, 2012, 61(18): 184204.
BRI, XM, )RR, SE OGRS IR AR B X A AT S5 e )] PR, 2012, 61(18): 184204,

12 Xie Yuanping. Investigation of Phase—Demodulation and Frequency Stabilization techniques in Mechanically Dithered ring Laser

Gyroscopes[D]. Changsha: National University of Defense Technology, 2000.
T AUAREE Sl PO RE SRS AR A 5 R B R BB SE [D]. Vb [ B B 27, 2000.
13 Liu Jianning. Analysis on Frequency Stabilization System of Laser Gyro with Total Reflection Prisms[D]. Xi"an: Xidian University,
2010.
KT A RO B A HOLFE R AR L AR BT 5T (D], P8 % 7% B 5 B R 42, 2010,
14 Lu Danyong, Liu Changjiang, Zhou Huijun, et al.. Using Mach—Zehnder interferometer to quantitatively measure the refractive
index of air and its theoretical discussion[]]. Physics Experimentation, 2007, 26(12): 40-43.
FEPE XU, R, 25 M=Z 135 306 2 AT 5% 10 5 e 5 FLS R )], W EESE 58, 2007, 26(12): 40-43.
15 Zhao Shuang, Wu Fuquan. The study on dispersive equation and thermal refractive index coefficient of quartz crystal[]]. Acta
Photonica Sinica, 2006, 35(8): 1183-1186.
BB, R A S R AR (O R R AT S AR AR BT O T, 2006, 35(8): 1183-1186.
EE&HE: K R

0102002-8



