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A resonating gyroscope with a cylindrical resonator is designed using finite element
method with the aim of achieving the maximum oscillation amplitude. The gyroscope is
manufactured with a resonator made of maraging steel and piezoelectric forcers and pick-
offs. In order to investigate the effects of material and manufacturing method defects in
the resonator frequency split and phase shift of the resonator are measured at the desired
excitation frequency and mode shape. By measuring natural frequencies of two main axes
in the desired mode shape, the frequency split of the resonator is measured and the factors
affecting the accuracy of measurement have also been investigated experimentally. Also,
the vibration pattern of the resonator has been recorded using an acoustic wave
mechanism and the phase shift of the resonator has been measured. Measurement of
frequency split showed that the resonator experiences a frequency split of about 1 Hz. In
addition, the use of the acoustic wave mechanism showed a good efficiency in recording
the position and shape of the vibration pattern. Measurement of the phase shift with the
help of the acoustic mechanism has shown the presence of a 4-degrees phase shift. Finally,
in order to prove the gyroscopic phenomenon, the effect of the resonator rotation rate on
the vibration wave persistence was investigated and it has shown a suitable linear
approximation.

Introduction

achieving maximum oscillation amplitude. The frequency
split was measured by measuring the natural frequencies of

Cylindrical Vibrating Gyroscope (CVG) is an inertial sensor
used to measure the rate of angular rotation. The operation of
these gyroscopes is affected by the Coriolis effect and is
based on the lag of a vibrating wave during rotation about a
given axis. The effect of defects in the resonator can be
classified in two general forms: a) frequency split: that is, the
difference between the natural frequencies of the two axes of
working mode, and b) phase shift: the difference in the spatial
location of the main axes of the two mode shapes relative to
the location of the forcers. Balancing with the aim of reducing
each of these defects will eliminate or reduce the other.

In this research, a cylindrical resonator was designed using
parametric design in finite element software with the aim of

the two main axes in the desired natural mode. Also, the
vibration pattern of the resonator was recorded using an
acoustic mechanism and the phase shift of this resonator was
measured. The use of acoustic mechanism and the easy
measurement of frequency separation and phase shift
facilitate the mechanical balance of the resonator.

Methodology

In order to achieve oscillations with appropriate amplitude
and low damping as well as low-cost production, maraging
steel was used to make the resonator, and a 0.5 mm thick
piezoelectric sheet and PZT-5A ceramic were used to excite
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and receive the response. The resonator was excited using an
electronic wave generator to generate a sine wave at the
natural frequency of the case, and the response wave was
detected using an oscilloscope. The rate test was performed
using a single-axis rotary table. In the design stage of
resonator, the finite element software ANSYS Workbench
was used and two general goals were considered. First, in
order to reduce the cost, a cylindrical resonator with a stepped
thickness was made of maraging steel and piezoelectricity
was used for excitation and response, and second, by
parametric design, while achieving appropriate frequencies in
the desired mode shape, the dimensions of the sample were
selected in such a way that the amplitude of oscillations and,
as a result, the quality factor of the vibrating body were
maximized. In order to detect the position of the nodes and
antinodes and to obtain the phase shift, an acoustic
mechanism was used. In this step, the resonator was installed
on a rotating table and the sound wave amplitude was
recorded using a microphone with a frequency response of
44100 Hz and using MATLAB software.

Results and Discussion

o Vibration mode shape

The experimental natural frequency shows a good match with
the natural frequency calculated in the simulation (Figure 3).
The almost similar output received from piezos 3 and 7
(shown in Figure 2) and the much smaller output amplitude
in piezos 2, 4, 6 and 8 indicate the formation of an elliptical
vibration mode shape at this frequency.

o Frequency Split Measurement

Frequency split measurement of the two main axes was
carried out. The effect of various parameters on the output of
the piezoelectrics is experimentally investigated. These
parameters include the number of piezos used as actuators,
the natural frequency measurement criterion, and the
presence or absence of a cover on the assembly.
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e Phase shift measurement

To measure the phase shift, the exact midpoint between
piezos 1 and 8 was marked on the resonator body. This point
is on the axis that has an angle of -22.5 with respect to axis A
in Figure 4. To calculate the phase shift, a curve with a 5-
degree polynomial function was passed through the recorded
points which showed that the maximum of the curve occurs
at a point of about 4 degrees that considered as phase shift.

e Gyroscopic Phenomenon Test

The effect of the rotation rate of the resonator on the lag of
the vibration wave was investigated. For this purpose, at
different rotational speeds, the phase difference created in the
vibration wave relative to the input wave was recorded using
an oscilloscope. These results show that rotation caused a
phase difference and also by increasing the rotation rate in
degrees per second, the amount of this phase difference
increased.

Conclusion

The parametric design of the resonator was carried. The
natural frequency of the resonator in the ANSYS software
(1232.2 Hz) and the frequency obtained in the experimental
test results (1229 Hz) showed a good match. The results of
the experimental tests showed that the parametric design of
the resonator with a stepped thickness has achieved a good
ratio for the response amplitude (less than one volt) to the
excitation (5 volts). Also, the results showed that the desired
resonator has a frequency split of approximately one hertz. In
addition, the use of the acoustic mechanism showed good
efficiency in recording the position of the vibration pattern,
and the measurement of the phase shift showed the existence
of a 4-degree phase shift. Finally, the effect of the resonator
rotation rate on the lag of the vibration wave was investigated,
and recording the changes in rotation rate yielded a suitable
linear approximation.
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Figure 1. Theory of operation and oscillation axes of
the resonator in the ideal state.
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Table 1. Design parameters and their relative
effectiveness on resonator quality.

Dimensional Relative
parameter effectiveness
Resonator diameter Very high
Resonator Height Moderate
Rode diameter High
Rode height Low
Wall thickness Very high
Base thickness Very high
Wall/base fillet radious Low
Base contact area Low
Rode/base fillet radious Moderate
Hole diameter Moderate

5 Rate table
6 Finite Element Simulations with ANSYS Workbench
" Quality factor
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Table 2. Effect of the number of piezo actuators on frequency split.

FE.S (Hz) AO (°) A (mV) (Hz)w Sensor Actuator Axes
87 940 1228.64 5 1 A
Lol 87 1090 1229.65 6 2 B
88 1660 1228.48 7 1,5 A
1.06
88 1730 1229.54 8 2,6 B
88 2390 1228.32 7 1,3,5 A
Ho 88 2445 1229.42 8 2,4,6 B
! MATLAB
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Figure 6. Acoustic waves recorded during a 180-degree
rotation of the resonator.
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Table 3. Effect of natural frequency measurement
criterion on frequency split.

Criteria w(Hz) Actuator  F.S (Hz)

) (A)1228.64

Maximum | 101
amplitude g, 1299 65
A)1228.36

90°phase @ 1 1.06
angle B) 1229.42
) (A)1228.48

Maximum 5 1.06
amplitude gy 1279 54
A)1228.31

90 °phase “ ) 1.06
angle B)1229.38
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Table 4. Effect of presence or absence of cap on
frequency split.

condition w(Hz) E.S. (Hz)
(A) 1228.64
With cap 1.01
B) 1229.65
(A) 1229.49
Without cap 1.13
B) 1230.62
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Figure 9. Rotation rate test of vibrating gyroscope.
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Figure 7. Oscillations of a fixed point on the resonator.
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Figure 8. Data recorded for phase shift measurement.
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