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Abstract: The paper considers active stabilization of a ring laser gyro (RLG) path length in a wide range of temperatures, using 
a movable mirror with a piezoceramic drive. Analysis of the main designs of piezo actuators used in the RLG made in Russia is 
presented. Computer models of piezo actuators have been developed to study the distortions and curvatures of piezo-driven mir-
ror surfaces based on their resonant oscillatory characteristics. By comparing the calculated data and the experimental results, a 
relationship between the movements of mirrors and the output parameters of RLG has been found. Possible improvements of 
piezo actuator structures are proposed, which make it possible to increase the accuracy and performance characteristics of RLG.  
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1. INTRODUCTION

Currently, He-Ne ring laser gyroscopes (RLG) 
with a bias of 0.05-0.001 deg/h are mainly used as 
angular displacement sensors in autonomous inertial 
navigation systems [1–5] and short-term navigation 
systems. Although the early predictions were unfa-
vorable, the scope of the RLG applications is continu-
ously expanding [4, 6, 7]. The most important scien-
tific results were obtained in the 1970s–1990s [8–11]; 
however, the research aimed at further improvement 
of the RLG accuracy and performance characteristics 
is still in progress, and some areas of research remain 
relevant [12–19]. 

Today leading manufacturers produce the RLG 
with accuracy of several thousandths of degree per 
hour. The RLG parameters and quality improvement 
has been achieved due to the enhanced technology, 
lower prime cost, and reduction of the overall dimen-
sions of the ring laser resonator (RLR). The leading 
position here is occupied by Honeywell (USA) which 
provides the bias stability up to 0.003 deg/h in devices 
such as GG-1320 with a three-mirror resonator and 
with RLR length equal to 15.2 cm. 

It is well known that the RLR length should be 
kept constant (L = L0 = const) and divisible by the in-
teger number of lasing waves, which is λ = 0.633 µm 
for a He-Ne laser [10]. This is provided by a path 
length control system with an actuating element con-
sisting of one or two movable mirrors connected to a 
piezoceramic drive. The linear dimensions of the res-
onator can change under the effect of ambient tem-
perature and the laser self-heating [20, 21]. The latter 
is caused by the DC glow discharge which maintains 
lasing, and by heat release from other electronic sys-
tems that support the RLG functioning [22, 23]. 

Figure 1 shows a diagram of thermal defor-
mation of the axial contour of RLG with magneto-
optical bias based on the Zeeman effect (Zeeman 
RLG) during active perimeter stabilization using 
movable mirrors [24]. 

As can be seen from Fig. 1, when the thermal ex-
pansion of the resonator is compensated with movable 
mirrors, the position of the optical resonator circuit 
changes relative to the membrane and the axes of the 
discharge channels. This leads to a change in the RLG 
bias magnitude due to the diffraction and Langmuir 
drifts [12, 22]. 
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The bias of gas lasers can be caused by various 
physical phenomena [10–13, 22], but its stability 
mainly depends on the total loss in the resonator and 
the non-uniformity of the active medium gain [25]. 
These parameters, in turn, depend on the location of 
the optical circuit relative to the internal elements of 
the laser. 

 
Fig. 1. Diagram of thermal deformation of the axial contour of 

Zeeman LG: 1 – fixed mirrors; 2 – membrane; 3 – movable mirrors 
before the resonator temperature change; 3* – displaced movable 
mirrors after the resonator temperature change; 4 – discharge chan-
nels; 5 – axes of discharge channels; 6 – displacements of movable 
mirrors w; 7 – active medium amplification zone; 8 – counter-
propagating beams before the resonator temperature change; 8* – 
counter-propagating beams after the resonator temperature change. 

When the RLR length is actively stabilized by 
moving the mirrors (3), the position of its axial circuit 
(8) changes relative to the center of the membranes 
(2) and the axes of the discharge channels (5), as a 
result of which the diffraction loss of the resonator 
changes and the active medium is amplified. 

To minimize the above-mentioned displacements, 
the RLR housing [10, 11, 17, 26–28] is made of glass 
ceramics with the lowest coefficient of thermal ex-
pansion (CTE) [26–30]. To date, the CTE of the ma-
terials used is approaching the maximum achievable 
values [30] and its further qualitative reduction is not 
expected. 

The RLR length change due to the temperature ef-
fects can be L = L0 ± 3λ [29, 31]. This causes uncon-
trolled deformations of the resonator, as well as dis-
placement and distortions of the reflective surfaces of 
the mirrors, which leads to the optical circuit misa-
lignment. This problem can be aggravated by addi-
tional structural elements, as well as inhomogeneous 
temperature distribution within the cavity/resonator. 

Thus, the research in the field of piezo actuator geom-
etry remains relevant [32, 33]. 

The researchers work on passive stabilization of 
the RLR length by introducing a mechanism to com-
pensate for its thermal expansion into the piezo actua-
tor design [34–36], in particular, to control the coun-
ter-deflection of the piezo-driven mirror membrane. 
Such thermally compensated systems reduce the con-
trol voltage and expand the total range of displace-
ment of the movable mirror surfaces. Nevertheless, 
this does not solve the problem of deformations and 
distortions. 

There are some known methods for calculating the 
axial circuit shift caused by the displacements and 
curvatures of mirrors [37, 38], and related diffraction 
loss and selection of resonator modes [38–40]. It is 
also known that the sensitivity of resonator losses to 
the mirror movements decreases as the beam is pass-
ing through the membrane center [38]. 

Thus, it remains relevant for laser gyroscopy to 
develop an engineering solution that provides preci-
sion (by units of nanometers) movement of the reflec-
tive surface of piezo-driven mirrors with no distor-
tions and deflections leading to uncontrolled dis-
placement of the RLR optical circuit. The search for 
such a solution should be based on the results of stud-
ies of existing piezo actuator designs as a whole, in-
cluding the mirror substrate, piezoelectric actuator 
and their connection. 

Within the framework of this work, recommenda-
tions have been developed to optimize the design of 
piezo actuators with the aim to improve the accuracy 
and performance of the RLG made in Russia. 

The work contains the following main sections: 

 analysis of the main designs of piezo actuators 
widely used in Russia; 

 simulation of movement of piezo-driven mirror 
surfaces with active stabilization of the RLG path 
length; 

 experimental studies of the amplitude-frequency 
response of piezo actuators; 

 experimental study of the piezo actuator effect on 
RLG parameters; 

 conclusions, including the discussion of results 
and practical recommendations. 
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2. ANALYSIS OF PIEZO ACTUATOR 
DESIGN FEATURES 

Figure 2 shows two most common piezo actuator 
designs: PA1 and PA2 (a and b, respectively), which 
are used for path length active stabilization in the 
most common Russian-made RLG [14, 15]. 

 

 

Fig. 2. Most common designs of Russia-made piezo actuators:  
1 – mirror substrates; 2 – ring-shaped piezoelectric elements; 
3 – deflecting membranes of piezo-driven mirrors; 4 – deflect-
ing membranes (discs) of piezoelectric actuators (4 – metal 
one, 4* – glass ceramic one); 5 – piezoelectric block and pie-
zo-driven mirror joints (5 – hard adhesive, 5* – soft adhesive, 
5** – soft soldering); 6 – pusher rotor creating the initial ten-
sion; 7 – metal disc transferring the force from the pusher 
rotor 6 to the membrane of piezo-driven mirror 4; 8 – mem-
brane depth p; 9 – clamp. 

The PA1 version shown in Fig 2b is used in most 
of well-known international and Russian dither-
mounted RLG [14]. All the joints shown in PA1 are 
made with hard epoxy adhesive. Further, in the com-
puter model, these joints are assumed to be absolutely 
rigid, without taking into account the properties of the 
adhesive. 

Figure 2b shows the PA2 used in the Zeeman RLG 
[15]. All the joints shown in PA2 are made with soft 
tin-lead solder. Softness or stiffness of the joint is es-
timated in comparison with the materials to be con-
nected, namely glass ceramics such as optical ceram-
ics SO-115M, from which the housing and mirrors of 
the RLR are made, and metals of the Invar H36 type, 
used in both designs of the piezo actuator. 

The main difference between the piezo actuators 
under study is that PA1 always has a tense working 
position. As can be seen from Fig. 2a, the PA1 mem-
brane bends due to the pushing force in the absence of 
forces acting in the opposite direction. The screw 6 
creates constant deflection of the membrane 3 to en-
sure the reciprocating motion of the substrate of the 
movable mirror 1, which is essential for the path 
length control system operation. In this case, the 
membrane remains stressed throughout the entire ser-
vice life of the device. On the contrary, the design of 
the PA2 lets the mirror move in both directions and 
does not provide for constant elastic deformation of 
the membrane. Such an engineering solution is an ob-
vious advantage of the PA2. 

Another important feature of any piezo actuator 
design is different CTE of the mirror substrate and the 
piezoelectric block placed on it. In PA2, due to the 
difference in CTE of piezoceramic elements 2, the 
piezoelectric block has a greater thermal expansion 
coefficient in the radial direction than the glass ceram-
ic substrate of the piezo-driven mirror 1 [41]. To pre-
vent this from leading to additional temperature-
dependent curvature of the reflective surface of the 
mirror, flexible soldered joints 5* are used between 
the piezoelectric block and the mirror substrate. In 
PA1, the same effect is achieved due to the elasticity 
of longer clamps 9. 

3. SIMULATION OF PIEZO MIRRORS’ 
REFLECTING SURFACE MOTION DURING 

ACTIVE STABILIZATION OF RLG PATH 
LENGTH  

Let us consider the movement of the reflecting sur-
faces of piezo-driven mirrors with active stabilization 
of the RLG path length. This movement can be stud-
ied using three-dimensional models of the piezo actu-
ator in the ANSYS software environment. As a result 
of modeling the piezo actuator and simulating its 
movements by the method of finite elements, it will 
be possible to detect the mirror surface deflection and 
calculate the change in this surface curvature radius 
Rl. In Fig. 3, the calculated values of the mirror sur-
face curvature radius Rl depending on the depth of the 
membrane p are shown for PA2. 

It can be seen that with a small depth of the mem-
brane p = 0.5–1 mm, a change in the RLR path length 
by wavelength (L = L0 – λ) leads to a change in Rl by 
up to 15%. With large depths of the membrane, this 
dependence disappears. Therefore, p ≥ 3 mm is suffi-
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cient for the reflecting surface to remain flat when the 
central part of the piezo-driven mirror is moving. 

It is difficult to determine the magnitude of the dis-
tortions by calculation, since the asymmetry of the 
structure cannot be determined from design tolerances 
with acceptable reliability. One of the possible solu-
tions is to study the design of piezo actuators using 

computer modeling of vibrational (resonance) charac-
teristics. To this end, the eigen frequencies and forms 
of mechanical oscillations of both piezo actuator de-
signs were calculated in the ANSYS software envi-
ronment. Figures 4 and 5 show the types of oscilla-
tions (modes) and resonance frequencies of PA1 and 
PA2, respectively. 

 
Fig. 3. Change in the radius of curvature of a spherical mirror: 1 – with a constant path length (L = L0 = const); 2 – with the path length re-

duced by the wavelength value due to the piezo-driven mirror displacement (L = L0 – λ) 

   
Fig. 4. Types of oscillations of PA1: а) f = 9325 Hz – reciprocating motion; the main even mode; b) f = 9250 Hz – lateral dis-

placements of piezoelectric block due to the screw slip on the disc; parasitic modes; c) f = 17600 Hz – deflection of membranes 
without the screw displacement; parasitic odd modes. 

   

Fig. 5. Types of oscillations of PA2: a) f = 15522 Hz – reciprocating motion; basic even mode; b) f = 16741 Hz – deflection of 
membranes with piezoelectric block displacement; parasitic odd modes; c) f = 20064 Hz – deflection of membranes with piezoe-
lectric block displacement and deflection: parasitic odd modes. 

Figures 4a and 5a show the basic zero-order modes 
of both piezo actuators, which correspond to the re-
ciprocating movement of the reflecting surface of the 

piezo-driven mirrors. With this type of movement, the 
path length L changes without any additional uncon-
trolled deformations of the optical circuit. Here we 

p, mm

m
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consider only the deflection of membranes of the pie-
zo-driven mirrors and piezoelectric block. The mem-
brane depth is assumed to be large enough (p > 3 mm) 
so that the central part of the coated mirror does not 
deform (see Fig. 3). The direction of displacements of 
the reflecting surface of the mirror w occurring at 
these modes coincide with that of the driving force F 
generated by the piezo drive, which is a centrally 
symmetric even function similar to the delta function. 
When modeling the impact, the driving force F acts 
along the axis of the piezo actuator and has the form: 

F(r=0) = F0, F(r>0) = 0, 

where r is the radius vector in the polar coordinate 
system with the origin in the geometric center of the 
piezo actuator. 

The displacements of the mirror surface and both 
membranes at the main mode are also centrally 
symmetric even functions. Distortions of the central 
part of the mirror do not occur when such oscilla-
tions are excited. Figures 4b, 4c, 5b and 5c show 
the models of higher (first) order modes with an 
odd distribution of the membrane deflection, con-
structed in the ANSYS environment. The types of 
deflections in the one-dimensional version are 
schematically shown in Fig. 6. 

 

Fig. 6. Diagrams of piezoceramics oscillation types: 1 – unde-
formed (steady) state; 2 – the basic zero-order mode (even);  
3 – the first-order mode (odd). 

Membrane deflections are described by periodic 
functions with spatial periods T = 2rm for the zero 
mode and T = rm for the first-order mode, where rm is 
the radius of the mirror. There is no sense to consider 
the modes of an order higher than the first one, since 

the distributions of their amplitudes at the point r = 0 
(Fig. 6) repeat either the zero or the first-order modes. 

As is known [42, 43], resonant oscillations can be 
excited when the frequencies of the acting force and 
the eigen frequency of oscillations (mode) coincide, 
as well as the spatial distribution of the effect and the 
amplitude of eigen oscillations. This phenomenon is 
clearly demonstrated in [43] and mathematically de-
scribed by the integral of the product of the mode am-
plitude distributions and the driving force in the area 
of their interaction. This integral will be zero for odd 
oscillation modes and for the even driving force being 
considered, since these functions are orthogonal. Ex-
citation of an odd mode is possible only if the parity 
of the driving force distribution function or the eigen 
mode oddness are violated. 

In practice, both cases are possible. For example, 
when the screw which sets the initial tension of mem-
branes in the piezo-driven mirror and piezoelectric 
block is shifted relative to the center of the PA1, the 
disk may get displaced relative to the center of the 
piezo-driven mirror, the adhesive connecting the pie-
zoelectric block membrane and the piezoelectric ele-
ments may distribute non-uniformly, etc. For the de-
scribed reasons, angular displacement of the reflecting 
surface of the mirror (skew) may happen not only 
during resonant oscillations, but also during slow dis-
placements of the mirror surface under the pressure of 
the piezoelectric drive. 

4. EXPERIMENTAL STUDIES OF PIEZO 
ACTUATOR FREQUENCY RESPONSE 

Let us compare the calculation results for the reso-
nance modes of piezo actuator operation, obtained by 
computer simulation methods, and their frequency 
response observed in the experiments. 

A simple and informative method for determining 
the frequency response is as follows. The piezoelec-
tric block contains two piezoceramic elements. One 
of them is supplied with alternating voltage U1 from 
a frequency scanning generator, so the mechanical 
oscillations of the piezo actuator are created due to 
the reverse piezoelectric effect. Voltage U2 propor-
tional to the amplitude of mechanical oscillations of 
the piezo-driven mirror surface is recorded on the 
second piezoelectric element. It is possible to regis-
ter the occurrence of the reflecting surface distor-
tions by the presence of auxiliary resonance peaks in 
the frequency response curve. In the operating fre-
quency range (up to ~20 kHz) of the piezo actuator, 
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there should be one resonance peak corresponding to 
the main zero mode. The peaks corresponding to 
even higher-order modes occur at frequencies above 
30 kHz and are of no interest. 

Figures 7a and 7b show the waveforms obtained 
experimentally for PA1 and PA2, respectively. Fre-
quency response measurements were taken for several 
samples of both types of piezo actuators. Most of PA2 
samples had a single pronounced peak, and the fre-
quency response had weak distortions in the form of 

auxiliary peaks with a magnitude not exceeding 5-7% 
of the maximum value of the main mode. Frequency 
response of PA1 in all cases contained one or two 
auxiliary peaks with amplitudes comparable to the 
main mode peak amplitude. The table shows the 
measured values of the resonance frequencies f and 
relative amplitudes A of the first three modes of PA1. 
It can be seen that the relative amplitude A10 of the 
satellite mode reached 75% (sample no. 5). 

 

  
Fig. 7. Frequency response waveforms of piezo actuators: a) waveform typical of PA1; b) waveform typical of PA2. 

 

Table 1. Resonance frequencies of piezo actuators’ eigen  
oscillations 

PA1 
no. 

Resonance frequencies f, 
KHz 

Relative amplitude A, % 

f01 f10 f00 А01 А10 А00 

1 – 11.62 12.04 – 52.69 100.00 

2 11.33 11.67 12.00 43.95 43.15 100.00 

3 11.41 12.09 12.45 45.29 68.24 100.00 

4 11.42 12.09 12.46 27.78 61.11 100.00 

5 11.60 12.50 12.97 21.67 76.39 100.00 

6 11.62 12.53 12.95 8.36 54.33 100.00 

 

Studies of piezo actuator designs show that it is 
important to properly select and optimize almost all 
geometric dimensions of this device [33–36]. High 
probability of distortions in PA1 is caused by the 
presence of extended elastic clamps shown in Fig. 2a 
[36]. In this design, the piezoelectric block shifts lat-
erally relative to the piezo-driven mirror substrate, 
and this leads to displacement of the contact point of 
the pushing screw relative to the center of the piezo-
driven mirror (asymmetry of the driving force F), and 
skew of the reflecting surface. This displacement is 

limited only by the friction between the central screw 
and the central metal disc. Computer simulation and 
the results of experiments show that when the friction 
coefficient is about 0.1-0.3, the calculated resonance 
frequency of the satellite modes proves to be less than 
the frequency of the main type of oscillations. 

The distortion of the mirror’s reflecting surface 
leads to the displacements of the axial circuit of the 
RLR, change in the laser beam position relative to the 
membrane axis and, consequently, change in diffrac-
tion losses. The change in the resonator losses affects 
the gain level and the lasing intensity I. Typical de-
pendences of the ring laser radiation intensity when 
changing the path length I(L) by setting the control 
voltage of the piezoelectric drive are shown in Fig. 8. 

It should be noted that the dependences I(L) for 
different laser samples differ significantly and in a 
random way. In addition, the intensity can both de-
crease and increase when the mirror is moving in one 
direction, for example, inside the RLR. 

It is known [38–40] that the extent of diffraction 
loss dependence on the beam displacement along the 
membrane is associated with the initial position of the 
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beam relative to the membrane center; in other words, 
it depends on the accuracy of the resonator alignment. 
The higher the initial diffraction losses, the greater the 
change in these losses will be with the same dis-
placement of the beam along the membrane. The dis-
tortions can vary significantly for each particular pie-
zo actuator sample. Consequently, the losses in the 
RLR depend on two factors: the accuracy of align-
ment and the distortions of the mirror.  If any of these 
is eliminated, the accuracy characteristics of the RLG, 
including the bias stability, will improve. The method 
of alignment and its accuracy depend on the technol-
ogy [44–46], and no noticeable improvement is ex-
pected here. Therefore, the reduction of distortions 
and deformations of the piezo-driven mirror is a key 
factor in improving the RLG accuracy. 

 
Fig. 8. Dependence of the output radiation intensity of ring laser 

on the change in the piezo actuator path length: 1 – weak dependence 
of the intensity on the piezo actuator scanning; 2 –strong dependence 
of intensity on PA2 scanning. 

In PA2, piezoelectric block expansion is compen-
sated by elastic deformation of the soft solder. Thus, 
the design is simplified and the mirror center distor-
tions caused by imperfect symmetry of the piezoelec-
tric block are eliminated. In addition, the PA2 design 
ensures that the piezoelectric block is centered relative 
to the mirror without any potential lateral shifts, with 
accurate reference of the point of force F application 
to the geometric center of the piezo-driven mirror. 

Calculation of the computer model resonances 
shows that there are no low-frequency oscillations 
when using the solder with characteristics correspond-
ing to the real material used in the PA2 design. In this 
case, distortions are unlikely, which is also confirmed 
by experimental studies of frequency response and the 
results of independent works. In particular, in [32] it 
was experimentally shown on a large number of mir-
ror samples that the angular distortions of PA2 do not 
exceed 3.5 arc sec. 

5. EXPERIMENTAL STUDY  
OF THE EFFECT OF PIEZO ACTUATORS  

ON RLG PARAMETERS 

Let us consider the effect of piezo actuator opera-
tion on the parameters of light generation in a ring 
laser by example of the Zeeman RLG. Due to the spe-
cific features of the physical optical circuit [8, 15], the 
Zeeman RLG is a convenient tool for fundamental 
research with the possibility of precision control of 
changes in the ring laser optical resonator losses by 
the frequency of Zeeman beats Δf [16, 50]. In dither-
mounted RLG, the accuracy of such control of radia-
tion intensity losses is significantly lower. 

It was found experimentally that the loss reduction 
on all samples of the Zeeman RLG is always associ-
ated with the same direction of the mirror movement. 
When the mirror moves outward and the membrane 
deflects towards the piezoelectric block (Fig. 1), 
which corresponds to the pulling force of the piezoe-
lectric drive, the losses decreased, and the radiation 
intensity increased (Fig. 8, plot 2). On the other hand, 
the loss increased with the pushing force of the piezo-
electric drive, i.e., when the mirror deflected into the 
resonator. The loss function of the resonator is related 
to the mirror reflecting surface deformation under the 
action of the piezoelectric drive. Obviously, the pull-
ing motion of the piezoelectric drive reduces the radi-
us Rl of the mirror curvature, while the pushing mo-
tion leads to its increase. Based on the above comput-
er model, one can calculate the changes in the param-
eters depending on the changes in the spherical mirror 
curvature radius (Fig. 3). 

The ring laser alignment is carried out by the mul-
tipath interference method as described in [44–46]. 
The quality of mirrors and the accuracy of RLR hous-
ings determine the total energy loss and relative selec-
tivity Сs of the transverse electromagnetic modes 
(TEM) (differing both in frequency and intensity of 
distribution in the Gaussian beam) according to the 
following relationship: 

Сs= (σ01 – σ00) / σ00,                         (1) 

where σ00 is the loss of the resonator on the main 
mode ТЕМ00, σ01 = σ10 is the loss of the resonator on 
the first transverse modes ТЕМ01 and ТЕМ10 (identi-
cal in a nonplanar resonator of the Zeeman RLG [31]. 

The degree of dependence of the characteristic 
describing the level of diffraction loss α on the 
membrane diameter d increases rapidly [38–40] 
with decreasing geometric dimensions of the mem-
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brane relative to the diameter of the Gaussian beam 
or with increasing diameter of the beam with the 
membrane size being constant. The dependence 
α(d) for a fixed curvature radius Rl of spherical mir-
ror in a symmetric nonplanar resonator of Zeeman 
RLG is shown in Fig. 9. 

 
Fig. 9. Dependence of diffraction loss on the membrane diame-

ter: 1 – loss on the mode ТЕМ01; 2 – loss on the mode ТЕМ00. 

It can be seen in Fig. 9 that the increase of α at 
fixed d is associated with the difference in losses Δα 
between the modes TEM01 and TEM00 or the relative 
selectivity Сs. This feature can be used in the experi-
ments to determine the diffraction loss α in the RLR 
[49, 50]. Calculated dependence of the diffraction loss 
α00 on the main mode TEM00 on Δα is shown in Fig. 
10. The line in this figure shows the empirical approx-
imating curve 2 described by the formula  

α00= 0.125ꞏ(σ01 – σ00)+0,03ꞏ(σ01 – σ00)ꞏ(σ01 – σ00). (2) 

Figure 11 presents the experimental results demon-
strating the relationship between the sum of losses lmir 
of the mirrors, measured on the mirrors before they 
were installed in the resonator, and the loss of resona-
tors σ00 minus the diffraction loss α00. In fact, these 
are the same characteristics, and their coincidence 
confirms the reliability of the method of their meas-
urement and calculation (lmir ≈ σ00 – α00). As can be 
seen in Fig. 11, the experimental points are concen-
trated around the asymptote with a single slope, which 
indicates the coincidence of measured values and con-
firms the method validity. 

We calculate the loss σ00 and the frequency of 
Zeeman beats Δf depending on the change of the ring 
laser path length for piezo-driven mirrors with a small 
depth of membrane p = 1 mm, taking into account the 
quality of alignment. Using a computer model, we 
calculate the change in the curvature Rl of the reflect-

ing surface of a spherical mirror. After that, knowing 
the typical passive losses of resonators (about 0.3%) 
and setting the extreme values of selectivity  
(Cs = min, Cs = max), we find the diffraction loss α00 
and the total loss of the resonator σ00. Then we deter-
mine the frequency of the Zeeman beats Δf depending 
on the path length L from the total loss of the resona-
tor σ00 for the two extreme values of selectivity Cs. 

 

 
Fig. 10. Dependence of diffraction loss on the difference be-

tween the losses on modes TEM01 and TEM00: 1 – theoretical de-
pendence; 2 – approximating function. 

 
Fig. 11. Relationship between the sum of mirror losses and reso-

nator losses minus diffraction losses: 1 – experimental measure-
ments; 2 – approximation. 

Theoretical plots of Δf (1 and 2) are represented in 
Fig. 12 as solid lines. Plot 2 with lower values and 
smaller slope angle corresponds to the minimum se-
lectivity (Cs = min, p = 1 mm), and plot 1 with a larg-
er slope angle corresponds to the maximum selectivi-
ty (Cs = max, p = 1 mm). 

The frequencies of Zeeman beats Δf correspond to 
longitudinal modes with the same type of polarization 

mm 
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and uniquely characterize the resonator losses on a 
mode with corresponding longitudinal index. Dotted 
lines show the experimental dependencies of Δf  3–6 
for the longitudinal modes of various RLR. Their dif-
ference is associated with the accuracy of the optical 
RLR alignment and the technological spread of mirror 
losses lmir. As expected, the experimental results for 
Δf  lie within the calculated range and demonstrate a 
good agreement between the theory and experiment. 

 
Fig. 12. Dependence of the frequency of Zeeman beats in a RLG 

(proportional to the resonator losses) in case of the ring laser path 
length change. 

Based on the simulation results presented in Fig. 3, 
it was shown that the deepening the piezo-driven mir-
ror membrane by an amount up to p = 3 mm makes it 
possible to avoid a change in the reflecting surface 
curvature radius Rl. To confirm these results, a model 
of PA2 was made with the mirror membrane depth of 
p = 3 mm. Plot 5 in Fig. 12 shows the dependence of 
the Zeeman beat frequency Δf on the size of the reso-
nator for the PA2 design with p = 3 mm. Experi-
mental dependence 5 is typical of all samples of such 
gyroscopes. It is not affected by changes in selectivity 
(Cs = var) and the size of the RLR. 

Thus, the design of the PA2 with a greater depth of 
the membrane makes it possible to make the resonator 
losses σ00 independent of the piezo-driven mirror 
movement w within the permissible limits of the reso-
nator parameters (lmir and Cs). Comparison of experi-
mental and theoretical dependencies in Fig. 12 con-
firms the conclusions of the research and proves that 
the piezo-driven mirror’s reflective surface has no 
significant distortions in PA2. 

6. CONCLUSION 

The main known designs of RLG piezo actuators 
have been analyzed in terms of their resistance to 

distortions and deformations of the reflective surfaces 
of mirrors during reciprocating motion under the 
action of a piezoelectric drive performed to actively 
stabilize the ring laser path length in the range of 
external temperature variations. 

Computer models of piezo actuators have been 
constructed, and the possibility of studying the 
distortions and deformations of piezo-driven mirror 
surfaces by their frequency response has been shown. 

It has been found that the changes in the RLR 
internal losses are associated with distortions and 
deformations of the reflective surfaces of piezo-driven 
mirrors and lead to the RLG bias instability. 

As a result of the study, it can be concluded that 
the instability of light intensity in dither-mounted 
RLG with PA1 is caused solely by the distortions of 
the mirror reflective surfaces, which occur when the 
piezoelectric drive force application point deviates 
from the center of elasticity of the piezo-driven 
mirror. To eliminate this effect, it is proposed to 
correct the location of the screw and disc relative to 
the center of the piezo-driven mirror. In addition, 
measures are needed to prevent the screw from 
slipping on the disc. There are also other 
recommendations for improving the PA1, e.g., to 
shorten the clamps or to solder the piezoelectric block 
to the mirror. 

For PA2 used in the Zeeman and other types of 
RLG, the bending membrane which ensures the 
piezo-driven mirror mobility should have a depth of at 
least 3 mm relative to its surface. 

The recommendations proposed in the work will 
make it possible to increase the RLG immunity to 
thermal and mechanical impacts without changing the 
RLR design. 
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