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Abstract: The Digital Vibratory Gyroscope (DVG) is the hi-tech modern instrument 
without the rotating parts. This instrument measures absolute angular rate and a 
turning angle, and as a part of stabilization and guiding systems, heading, roll and 
pitch angles of vehicles and platforms on which they are used. 
 The main difference of DVG technology from competing ones, such as fiber-
optic (FOG) and ring laser (RLG), is that technical solutions are developed and 
patented in Ukraine, which enable to manufacture low-cost resonators from metal 
alloy with stable resonant frequency and high enough quality factor. Moreover, 
assembly, tuning of electronic units, and also calibration of DVG key parameters is 
carried out with significantly smaller labor and financial expenses, than the 
competing technologies. At the same time, the accuracy and performance of DVG 
don't concede, and reliability exceeds many times the appropriate parameters of the 
competing technologies. 
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Development goal: Creating a high-tech precision and highly reliable digital 
gyroscope for application in stabilization and guiding systems of wide class of 
vehicles  
 
Brief description of the development: 
 

Vibratory gyroscope is one of the chronologically latest gyroscopic 
technologies existing nowadays in the modern market. 

The international standard IEEE 
1431-2004 approved the full name of this 
gyroscope as a Coriolis vibratory 
gyroscope (CVG). Digital 
implementation of CVG we called digital 
vibratory gyroscope (DVG). 

Standing wave is generated in a 
resonator at one of the resonant 
frequencies (primary wave). Fig.1 shows 
the standing wave on the second resonant 
mode of the ring-like resonator which is 
characterized by 4 antinodes (maximum vibration amplitude) and 4 nodes (minimum 
vibration amplitude) located along circumferential coordinate under angles of 45 deg.  
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Fig.1. To CVG operation principle 

Under resonator rotation with angle rate Ω, there arise Coriolis  forces F1, F2, 
F3, F4 (fig.1), which generate secondary (Coriolis) mode of vibration  in the direction 
of resultant force Fс. Resultant Coriolis force is proportional to angle rate, Ω, and can 
be determined as follows:  
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where Aо is a ring vibration amplitude at the resonant frequency ωr, V is linear 
velocity of radial motion in process of vibration; m is an effective vibrating mass.  

Thus, vibration amplitude generated by Coriolis force is proportional to angle 
rate Ω. Secondary (Coriolis) mode amplitude is measured by electrode located at the 
node of the standing wave and with the aid of feedback control system is damped by 
applying compensation signal on the other node as depicted in fig.1. Feedback 
control signal that compensates secondary mode of vibration is proportional to angle 
rate, Ω.  
 

DVG CONTROL SYSTEM BLOCK DIAGRAM 
 

in, Yin are control signals; Xout, Yout are measurement signals; PLL is a phase lock 

btained results: 

s a result of this work have been designed and manufactured at JSC “SPA Kyivskiy 

 

 
X
loop ; А0 is primary wave vibration amplitude; SF is DVG scale factor; ADC is 
analog to digital converter; DAC is digital to analog converter. 
 
O
 
A
zavod autimaticy” batch of DVG prototypes. external view and its components are 
shown in Photo 1. 

 
 
 
 
 



DVG COMPONENTS 

 
 We have also developed variants of tree-axis units shown in photo 2. 
 

3D UNIT VARIANTS 
 

ean times between failures (MTBF) have been estimated using stress factors 
  
M
method. The results are shown in the table 1. 
 
 
 
 
 
 
 



DVG MEAN TIMES BETWEEN FAILURES ESTIMATION 
 

Environment on applications 
MTBF Confid.  MTBF Confid.  
probabil. 99% 
hours (years) 

probabil. 99.9%
hours (years) 

Ground vehicles, uncontrolled 408 042    (46) 271 929    (31) environment, πE = 4.0 
Naval, Sheltered, πE= 4.0 408 042    (46) 271 929    (31) 
Airborne, inhabited, Cargo, 
Fighters,  πE = 5.0 326 434    (37) 217 543    (24) 

Airborne, Rotary Winged, 204 021    (23) 135 964    (15) 
πE = 8.0 
Space, Flight  πE= 0.5 3 264 340 (372) 2 175 438 (248)
Missile, in flight, MF, πE = 5. 0 326 434 (37) 217 543(24) 
Missile, Launch, MU, πE = 12. 0 136 014(15) 90 643(10) 

 
verage values of DVG parameters are presented in the table 2. 

DVG SPECIFICATION 

A
 



Parameters Units Values 
 
Measurement range  deg/s ±200,±400 
Bandwidth Hz 100 
Scale Factor (SF) 1/(deg/s)* 0.02-0.04 

Normal Environment (+25 °С) 
SF Linearity % ≤0.04 
SF  day-to-day repeatability  % ≤0.03 
Bias repeatability, turn-on to turn-on deg/s ≤ 0.01 
Bias stability (in run, 1 σ) deg/s ≤ 0.003 
Random walk (1 σ) deg/√s 0.003 

Temperature Range [-40 +75] °C  
Bias  temperature sensitivity  град/с/0С 0.0003-0.003
SF temperature sensitivity  %/0С ≤0.003  

Environment Condition 
Working temperature range deg С -40 +75 
Storage temperature deg С -50 +95 
Vibration survival g RMS,20...3000 Hz ≥15 
Shock survival g, 2 ms ≥400 

Physical Parameters 
Voltage supply + V 15...30 
Power consumption W <2.5 
Interface   RS-485,422 

Output data 

Average angular rate and 
temperature (6-byte float 
numbers) in a data frequency of 
no more than 600 Hz.. 

Data output mode 

Continuous data output over an 
asynchronous interface at up to 
600 Hz. Synchronous interface is 
possible by agreement. 
More than 600 Hz is possible by 
agreement 

Dimensions mm 2.62×72×58 
Mass gr 400  
* Output code/SF = Ω deg/s   
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