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Influence of Low Air Pressure on the Light Path Variations and
Loss of Ring Laser Gyro
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(1 AVIC Flight Automatic Control Research Institute , Xi'an 710065, China)
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Abstract; The light path stability of ring laser gyro determines its performance, while the internal and
external pressure difference of resonator is one of the important factors influencing the light path stability
of gyro. To study the low air pressure assembly causing light path variations and the loss changes of ring
laser gyro, the micro-deformation of mirrors was simulated and calculated by ANSYS software. The
results indicate that under the condition of the low air pressure, there is maximum-deformation in the
center of the mirror, therein to, the maximum-deformation of spherical mirror is 545 nm, and the
maximum-deformation of plane mirror is 31 nm, thus this deformation leads to the light path’s deviation
of 390 nm from the center of diaphragm and brings out a curvature variation of 174 mm for the spherical
mirror. Furthermore, the deformation influence on the light path variation and the loss changes of ring
laser gyro is calculated in theory,the results show that this deformation synthetically cause about 2% ~
3% loss variation of resonator, among them the variation of curvature is the main cause of loss variation.
To increase the groove depth or decrease the air difference between outer and inner of the resonator will
effectively reduce the light path variation. A test system is built and verifies that the results of calculation
are correct.

Key words: Laser optics; Low air pressure; ANSYS simulation; Ring laser gyro; Light path variation;
Diaphragm; Loss; The maximum deformation
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Fig.1 The schematic graph of quadrilateral resonator
el S 2 3 43 32 7 FLAEDIR S R e B P S 42
2 B A FL A R R b Rl L8 i GO B I DG TE
PR M A HL A e R B0 R AR R B /N B JEE A L B R Ak T
R A B R M N R ACBOE WA A R R
JEAE N VAP E 22 4F T R 5 82 52 31 1) 9 9 4R T g i &
C T UN RS R iR N SRl AP S T T

B A AL A B A T B2 K 1R e BURE 1
fb. LA 360 mm JiE 3O FE 8 R )L 31 5 AR AR IR
BTG S 5 IE AL B 25 8 B R AR R S
PR T RO B A R A A T AR A R
ANSYS £ 25 45 14 730 A7 L 547 73 #r - 48 IR S 6 = A o
BOE N AN A1 g b o R AU S i 9 O AR L =5
RS E TR LR A 2.
Mechanical deformation analys of RLG
6.5079e-7 Max

. 5.7848e-7

1 5.0617¢-7
=1 4.3386¢-7

—j 3.6155¢e-7
1 2.8924¢-7

—1 2.1693¢-7

=1 1.4462¢-7
i 7.231e-8
0 Min

Mechanical deformation analys of RLG
3.8204e-8 Max

]
3.3959¢-8
12.9714e-8
- 2.5469¢-8
| 2.1224¢-8
| 112735¢-8
| 8.4898¢-9

-4.2449e-8
=0 Min

0.045
(a) Spherical mirror

0.045
(b) Plane mirror

H2 skasmTaatpvit&EE
Fig. 2 The deformation graph of spherical mirror and

plane mirror
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Table 1 The maximum deformation of mirrors on

different pressure

Pressure/Pa  Spherical mirror/nm Plane mirror/nm
1 000 538.53 30. 485
800 540. 82 30. 737
600 541. 82 30. 883
400 543.55 30.919
300 544,17 30. 946
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Fig. 3 The structure graph of deformation on spherical

mirror

2 REHERITEMS N
2.1 RBHTHIHE

ST A 0 A A R AR O 2 1
W A A T A e O 2 P A . B e
B 5 0 A AR T 1 0 B L 3L SR I 4,

Diaphragm

M4 KRAETAERETER
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Table 2 The curvature radius variation of spherical

mirror on different groove depth and deformation

Groove depth  Deformation  Sphericalvector Variations

L/mm Ad/nm Xr/pm AR/mm
1.5 1 600 0.112 10 845. 1
4.5 1 600 0. 044 30 295.4
4.5 545 0. 044 30 174.1
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Table 3 The comparison of diffraction loss between
atmosphere and vacuum status

Atmosphere Low air pressure Relative variation

Mode loss/ppm loss/ppm /%
10 1204 1231 2.24
01 1209 1237 2.32
00 597 605 1. 34
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Fig. 5 Experiment setup
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Table 4 The loss of experimental results between atmosphere

and low air pressure(300 Pa)

Light path 00 mode 10 mode 01 mode
Status o
variation /ppm /ppm /ppm
Atmosphere None 20.574 244.739 240.455
Vacuum Deviation 20. 654 244.874 240. 883
Vacuum  Radius variation 27.811 279.571 275.074
Vacuum  Total variation 27.813 279.583 275.089
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