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I.  INTRODUCTION 

The presence of speed sensors (SS) in automatic 
control systems (ACS) provides the formation of the 
damping component in the stabilization moment. The 
efficiency of damping vibrations of control object is 
higher when the sensor’s signal level is higher.  

The frequency characteristics of the speed sensors 
are completely determined by the parameters of 
torsion gyroscope with two-degree-of-freedom, so as 
converters of angular deviations into proportional 
electric signals almost inertialess and are not affected  
on nature of the frequency dependencies. That’s why 
as the SS output signal the angle о  of relative frame 
turn is usually accepted. 

The main frequency characteristics of speed sen-
sor are: 

– amplitude-phase frequency characteristic 
(APFC) 
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– amplitude frequency characteristic (AFC) 
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– phase frequency characteristic (PFC)  
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Characteristics, mentioned above, for the dif-

ferent values of damping coefficient 
4

3
0 2Т

Т
d   are 

given in Figs 1 – 3. Characteristics are given for the 
case, when the input signal of sensor is the absolute 
speed of angular vibrations of its base 

 0 0Ω Ω sinωmt t . 

 
Fig. 1. Amplitude-phase frequency characteristic 

 
Fig. 2. Phase frequency characteristic 

Frequency characteristics are received by substi-
tuting ωs j  into the transfer function of speed 
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 and are con-

structed for “unit” gyro with transmission coefficient 
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Fig. 3. Amplitude frequency characteristic 

These frequency characteristics show that due to 
the inertia of the gyro frame and friction in its sup-
ports the forced precession vibrations of the frame 
fall behind in phase from the measured absolute 
angular velocity of the base (control object) and 
phase angle  ω  at frequency change from 0 to
  changes from 0 to π  (see Fig. 2). The greater 

the damping coefficient 0d , the more phase delay 
vibration gyroscope frame. 

Relative amplitude of vibrations  0
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at 0 1d   is growing while increasing the frequency, 

reaching its maximum value at 2
021 dν  , and 

then decreases, asymptotically approaching to zero 
(see Fig. 3). The lower the damping coefficient, the 
more pronounced the resonance peak. At 10 d  
resonance phenomena are absent, and amplitude, 
with the increasing of frequency, monotonously 
decreases more faster with the increasing of damping 
coefficient. 

Thus, the measurement of absolute angular ve-
locity is performed by the gyro sensor with the de-
fined amplitude-phase errors, the values of which 
depends on both own gyro parameters and base fre-
quency oscillations. 

II.  PROBLEM STATEMENT 

The influence of frequency vibrations of control 
object, the absolute angular speed of which is mea-
suring, on the output signal of SS, determines the 
alternating character of sensors’ errors. That’s why 
the strict agreement of speed sensors parameters with 
the frequency characteristics of the control object is 
the necessary condition, that affects the quality of 
work of automated control systems. 

III.  SOLUTION TO THE PROBLEM 

In accordance with amplitude-phase frequency 
characteristic (see Fig. 1) forced precession vibra-
tions of gyroscope frame 

     0 0 ω sin ω ωmt t        

can be represented by two components 
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Taking into account, that amplitude of precession 
frame vibrations    0 0ω ωm m mA   , and change in 

time of base angular turn   0 cosω
ω

mt t
   , we 

will obtain 
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(1) 
where      ω ω cos ωmU A  is the real frequency 
characteristic, and      ω ω sin ωmV A   is the 
imaginary frequency characteristic of gyro (Figs 4 
and 5). 

 
Fig. 4 Real frequency characteristic 
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Fig. 5. Imaginary frequency characteristic 

Component      0s oωt U t    coincides by 
phase with absolute velocity of base and is useful 
output signal of sensor, and component 

     0a ω ωt V t    are coincides by phase with the 
change of base turn angle, thus is a phase error of 
sensor. The corresponding wave diagrams are given 
in Fig. 6. 
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Fig. 6. Wave diagrams of the control object 

and speed sensor frame vibrations at const   
Knowing the amplitude of the useful sensor output 
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we determine the dependence of the amplitude error 
measurements of absolute rate from the frequency 
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Thus, amplitude error is defined by the real fre-
quency characteristic of gyro speed sensor (Fig.4). In 
other words - is a scaled real frequency characteristic 
of gyro speed sensor. Just like the real frequency 
characteristic, the amplitude error is a nonlinear 

function of frequency, and the nature of the nonlin-
earity depends on the damping coefficient 0d . 

Characteristic analyses shows, that only at 
0,2...0,25   in the first approach it is possible to 

consider 0s (ω) 0m  . If 707,00 d , the amplitude 

error rises at first, approaching at 01 2d    its 
maximum value (points m at Fig. 4), and then de-
creases and at 01 4d    changes its sign.  

Thus, with the real frequency characteristic of the 
gyro sensor, knowing its damping coefficient, one 
can determine the amplitude error for any of the 
operating frequencies. 

Similarly determined the amplitude of the phase 
error by the imaginary frequency characteristic of the 
sensor’s gyroscope (see Fig. 5). 

Knowing the amplitude of the component 
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we determine the dependence of the phase error 
measurement of the absolute speed from the fre-
quency 
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Consequently, the amplitude of the phase error is 
completely determined by the imaginary frequency 
characteristic (see Fig. 5) of the speed sensor’s gyro. 

The imaginary frequency characteristic through-
out the frequency range is negative. Its module with 
increasing frequency nonlinearly increases, reaching 
a maximum at 1  . In the initial section ( 0,3  ) 
we can assume that  ωV  is proportional to the 
frequency. 

During structural analyses of automatic control 
systems, the input signal of speed sensor is usually 
considered not the angular velocity of control object, 
but a corresponding to it the angle of rotation. It is 
expedient to do as, firstly, angle is the regulated 
coordinate of system, secondly, the simplest is to 
measure frequency characteristics, changing the fre-
quency of angular vibrations at constant amplitude, 
and thirdly, it is easier to perform the analyses and 
calculation of frequency characteristics relatively to 
the angle, than to the velocity. 

If to consider angular oscillations of control object 
as the input signal   sinωmt t   , then frequency 
characteristics are determined by substitution 

ωs j  into the transfer function  



A.K. Ablesimov, K.A. Adamchuk, А.М. Ryabokonev  Provision the Required Accuracy of the Sensors of Angular … 43 
 

  0
ss 2 2

0 4 3

β
α 1

t

H s
CW s

Т p T p
 

 
. 

In this case amplitude-phase frequency characte-
ristics are circles with the coordinate centers 
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Thus, amplitude-phase frequency characteristic 
   ω ωi iU jV   may be constructed by one 

given or experimentally obtained point. It is also 
simple to determine for the chosen type of gyro 
damping coefficient. 

Having real and imaginary characteristics, we can 
determine constituents  0 s t  and  0a t  of the 
output signal of gyro speed sensor 

         0 0ω ωt V t U t
      .          (2) 

It is easy to make sure the equations (1) and (2) are 
equivalent. 

Important advantage of received frequency char-
acteristics is the possibility to represent them in a 
standardized form, which sufficiently simplifies all 
the calculations.  

Really, taking per unit scale max
t 3

HA
C T

  , we will 

receive instead of family of amplitude-phase fre-
quency characteristics one circle of unit radius. If to 

choose a scale relatively to frequency 
0
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ω
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   , then all fre-

quency characteristics may be united into one graph. 
When choosing speed sensor parameters, are 

taking into account, first of all, the conditions of its 
work on the stabilized control object. Usually in the 
technical task for the design of the sensor are indi-
cated: 

 the range of possible angular velocities that 
must be measured by a sensor; 

 the range of possible frequencies of angular 
vibrations of the control object; 

 the permissible value of the errors measure-
ment of the angular velocity. 

If the parameters of the gyroscope and the trans-
ducer of the angular deviations on the basic parame-
ters are selected and sufficiently are in good agree-
ment, then are moving to the definition of the 
damping coefficient 0d . For given values of ampli-
tude and phase errors allowable value of the damping 
coefficient is computed based on the normalized 
frequency characteristics of a class of gyros. If the 
average error values are given, it is taken into account 
the mean value of the measured angular velocity. If 
you have the maximum value of errors, the damping 
coefficient is determined by the maximum amplitude 
of the angular velocity. 

IV.  CONCLUSIONS 

1) Matching of parameters of speed sensors with 
the frequency characteristics of the control object is a 
prerequisite while designing the sensors, on which 
depends the quality of the automatic control systems. 

2) The presence of the normalized frequency cha- 
racteristics of a class of gyroscopes allows: 

 on the set of damping coefficients define the 
value of the amplitude and phase errors of the speed 
sensors and make a decision on according the sensor 
to the technical requirements for measurement ac-
curacy; 

 for given values of the amplitude and the phase 
errors of velocity sensor find the desired value of 
damping coefficient with the aim to optimize the 
sensor parameters. 

3) Application of the normalized frequency cha-
racteristics when choosing a speed sensor parameters 
significantly reduces the amount of computation. 

4) Construction of the families of such characte-
ristics is facilitated by the use of software packages. 
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