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__________________________________________________________________ ______________________________________ 

 

Abstract——Ring laser gyro is used in inertial navigation system. It works on the principle of sagnac effect. It has the 

inherent property to go out of operation at low rotation rates as it goes into dead (lock -in) band. The performance of RLG 

can be enhanced by keeping it out of dead band. A peizo driven mechanical actuator commonly known as mechanical 

di ther in RLG is engaged to avoid the dead band.This paper presents the selection of material, model and analysis of the 

mechanical dither in RLG. Structural, thermal analysis is analyzed in the range of -30 to 70 degree centigrade by using 

finite element analysis . Finite element analysis is also used to find the different resonant frequencies, stresses and strains. 
 

IndexTerms—Navigation, Rlg, mechanical dither, lock-in, sagnac effect, beat frequency. 

________________________________________________________________________________________________________  

I. INTRO DUCTION  

Navigation is the term used for monitoring and controlling the movement of a vehicle from one place to another. Inertial 

Navigation Systems (INS), unlike other navigation systems, it does not depend on external (radio) measurements. INS keeps track 

of its position by accurately measuring motion sensors (accelerometers) and rotation sensors (gyroscopes).A gyroscope works on 

the principle of conservation of angular momentum. Gyroscopes are useful for measuring orientation. Different types 

ofGyroscopes are electronic, microchip-packaged MEMS gyroscopes, solid-state ring lasers, fibre optic gyroscopes, and the 

extremely sensitive quantum gyroscope. 

. 

II. RING LASER GYROSCOPE 

Ring laser gyroscope (RLG) has high sensitivity and stability. It operates on the principle of the Sagnac effect which shifts the 

nulls of the internal standing wave pattern in response to angular rotation. Interference between the counter-propagating beams, 

observed externally, results in motion of the standing wave pattern, and thus indicates rotation . 

Sagnac-effect  

Two wave trains, created by a beam splitter, are travelling around the ring interferometer in opposite directions[3].If the beams 

are combined (superposed) after one circle they form interference fringe pattern, which is made vis ible on a screen by means of a 

photo detector. The light source, the beam guiding system (mirrors or prisms), combining optics, screen and/or photo detector, - 

all these elements are mounted on a platform (Fig.1). If the whole system rotates around an axis perpendicular to the plane of the 

counter propagating wave trains, the fringe pattern will be shifted proportional to the rotation rate Ω.  

 

 

 
 

Figure: 1  Figure: 2 
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Ring laser gyroscope equation 

The fundamental RLG equation[5] is  ∆f=  
4𝐴Ω

𝐿𝜆
 

 

Above equation shows the RLG frequency difference, commonly called beat frequency (∆f), to be proportional to the product of 

the geometric area enclosed by the light beams (A) and the angular rate of cavity (Ω ). The beat frequency is also inversely 

proportional to the product of the vacuum wavelength of the laser (λ) and the optical path of cavity (L).The rat io (4A/L𝞴) is called 

the scale factor of the ring laser gyroscope. 

 

Mode-locking (Dead Band) 

The most limit ing factor in the RLG performance is the dependence of the scale factor K on the rotation rate Ω. It arises from 

lock-in or frequency synchronisation of the counter propagating waves at low rotation rates [1,2,7].When the beat frequency ∆f  is 

below a critical value, mutual coupling of the waves locks them together and causes them to oscillate at the same frequency, 

making  ∆f=0.The coupling between the counterpropagating waves arises mainly from backscattering  produced by mirrors or 

intracavity optical elements.One of the methods by which mode-locking (Fig.2) can be avoided  is mechanical dithering[4]. 

III. MATERIAL SELECTIO N TABLE 

The materials which have been chosen for modeling of the ring laser gyroscope are given in the table below. The materials which 
have been chosen are having low thermal coefficient of expansion. Glass cavity and mechanical dither have alow co-efficient 
ofthermal expansion of 0, 1.2x10

-6
/
o
C respectively. 

 Material selection table 

 

Component Material  

 

Density 

(kg/m 3̂) 
 

Young’s 

modulus 

(Gpa) 
 

Glass cavity 

 

zerodur 

 

2530 

 

90 

 

Mechanical 
dither 

 

Super 
invar 

 

8100 

 

141 

 

Anode 

 

copper 

 

8960 

 

129 

 

Cathode 

 

aluminum 

 

2800 

 

72 

 

 

Components of ring laser gyroscope  

The torsion bar is the main component in the RLG which is responsible  for avoiding the mode-locking. The torsion bar as 

shown in Fig.3 is made of super invar. The torsion bars which are opposite to each other acts as couple and a twisting moment takes 

place due to this the RLG goes out of locking mode. Fig. 4 is the sub-assembly where casing, glasscavity, anode and cathode are 

hidden and Fig. 5 is the complete assembly of the RLG. 

 

 
                                 Figure: 3                                                                                                         Figure: 4 

IV. FINITE ELEMENT ANALYS IS 

The numerical simulation consists of three stages by using ANSYS WORKBENCH 16.0. In the first stage, a modal analysis is 

performed to determine resonant frequencies and mode shapes which are important parameters in the design of structure for 

dynamic loading conditions. In the second stage, pre-stress is given for torsion bar and bolts of glass cavity to find stresses, strains 
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at ambient temperature. In third stage, steady state thermal analysis  is carried out in the range of -30 to 70
o
C to calculate 

temperature, total heat flux and then overall modal analysis is carried out. 

 

Modal analysis 

 

The modal analysis is carried out on the RLG and the typical modal results are shown in Fig.6.The first mode is the dithering 

mode as the glass cavity rotates in back and forth around central axis at 419.6Hz.The base plate moves up and down in second 

mode 744.8Hz.The third and fourth modes (756.9Hz and 757.4) are bending modes in two different directions. 

 

 
                                Figure: 5   Figure: 6 

 

 

Static-Structural analysis 

 

When tightening the nutson torsion bar and bolts of glass cavity, stresses get induced. So the torsion bar on the RLG is given 

prestress and then stresses (Fig.7), strains (Fig.8) which acts on the glass cavity and torsion bar are calculated. The maximum 

stresses are generated on the top plate and torsion bar at ambient temperature conditions. As the torque applied increases on the 

bolts and torsion bar, the resonant frequencies also changes accordingly.  

 

 
                            Figure: 7                                                                                                    Figure: 8 

 

Steady state thermal analysis 

 

    The prisms contacted near gain medium get heated up due to self-heatingin comparison to prisms contacted opposite side of the 

active medium. As the electrode size increases the temperature also increases accordingly
[8].

The external disturbances also effect 

the RLG
 [6]

.So a steadystate thermal analysis is carried out in the range of -30 to 70
o
C to find the temperature (Fig.9) and total heat 

flux (Fig.10) on the RLG.The maximum temperature and heat flux is found in the laser cavity where electrodes are placed at-30
o
C 

and at 70
o
C it is foundat place where the electrodesdon’t exit. 

 

 
                                    Figure: 9Figure: 10 

 

Overall Modal analysis 
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In the overall modal analysis, first steady state thermal analysis is carried out, the data is transferred into static structural 

analysis and then analysed. After performing these analyses, modal analysis is done on the analysed RLG (Fig.11). It was found 

that there is a change of 8Hz in its resonant frequency. 

 

 
 

  Figure: 11 

V. CONCLUSION 

Adesign method based on FEA is proposed for dither mechanism in RLG.The Torsion bar in RLG is given pre -stress, the 

stresses and strains at ambient temperature are determined. The steady state thermal analysisis carried out in the range of -30 to 

70
o
C and temperature, total heat flux are calculated. Then overall modal analysis is carried out in the range of -30 to 70

o
C 

temperature at pre-stress condition. It was found that there is a change of resonant frequency of about 8Hz when compared with the 

modal analysis which has no loads  and thermal effect. The performed analysis gives the actual resonant frequency of the RLG.  
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