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Abstract—Two sensor designs of metallic cylindrical resonator Coriolis vibratory gyroscope are analyzed
in this work. Resonant frequencies computer modeling results are presented and on their basis gyroscope

sensor geometrical parameters choice is validated.
Index Terms—Sensor; resonant frequency.
I. INTRODUCTION

To provide for a Coriolis vibratory gyro (CVG)
high accuracy resonator should have the design that
allows matching two mode of vibration (primary and
secondary). In this case maximum sensitivity and
accuracy can be reached. Besides, resonator should
have axisymmetric geometry. There are two geome-
trical figures which have high axisymmetry: sphere
and cylinder. Sphere or hemispherical shell has
highest axisymmetry and on the basis of this shell it
has been developed and produced fused quarts he-
mispherical resonator gyros (HRG) [1], [2]. These
resonators have QO-factor of about 5-10 millions and
are excited by electrostatic forces. Such resonators
are not manufacturable and expensive in production,
their mass balancing procedure is too complex and
requires expensive equipment.

To increase manufacturability and to reduce
production cost CVG resonator should be made of
metal. However, metals have no high O-factor and it
can not be excited by electrostatic forces, which are
too weak. Another perspective high force electrode,
which has in addition high displacement sensitivity,
is piezoceramic one.

Two sensor designs of metallic cylindrical reso-
nator CVG with piezoceramic electrodes are ana-
lyzed in this work. Advantages and disadvantages of
the two designs are considered, as well as metallic
resonator parameters choice is carried out based on
computer modeling of CVG sensor resonant fre-
quencies.

II. PROBLEM STATEMENT

Analyze two CVG cylindrical sensor designs with
sense and drive piezoelectrodes disposed on the
bottom of the cylinder and on its wall from external
mechanical disturbances point of view.

Choose sensor design parameters which minimize
mutual influence of its components.

III. SENSOR WITH ELECTRODES ON ITS BOTTOM

Coriolis vibratory gyro sensor with electrodes
glued on the bottom of cylindrical resonator is de-
picted in Fig. 1. If electrodes are glued on its vibrat-
ing portion, i.e. rim, resonator Q-factor would reduce
some times (up to 10 times). Besides, piezoelectrodes
can not be glued on round surface because of initial
deformations and electric potentials arising in this
case would have negative influence on CVG accu-
racy. Therefore, it is not expedient for metallic re-
sonators to use hemispherical geometry, but cylin-
drical geometry where there is a flat bottom to glue
piezo plates as electrodes.

Fig. 1. Metallic cylindrical resonator with piezoelectrodes
glued on the bottom [2], [3]

Sensor design in Fig. 1 has two main advantages.
First is that electrodes are glued on the flat surface,
second is that electrodes are located on the maximum
far distance from the vibrating rim, hence, they have
minimal impact on the resonator Q-factor. To in-
crease vibration energy transfer to the bottom cy-
linder rim thickness relative to its rest lower portion
should be provided. To reduce influence of stretching
(tangential) forces from antinodes to nodes holes are
performed to break mechanical connections between
them in the places of electrodes location.

Resonator mounting unit on the sensor base is
performed in view of cone-shaped design inverted
inside the sensor as depicted in Fig. 2.

Resonator center of mass should coincide with its
fixing point inside the cone. The base has protruding
part, which end is performed as response
cone-shaped figure to mount resonator on the base by
conical mount method [4].
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Fig. 2. Resonator conical mount on the base

Resonator material is elinvar steel which under
special thermal processing can have high enough
O-factor and low frequency-temperature coefficient
(5-10 times lower, than fused quarts) to use even in
high grade CVG.

Resonator’s rim sizes are chosen to meet the re-
quirement of as far as possible frequency distance
from maximum frequency of external disturbances
which as a rule is 2000 Hz.

Lower portion of the cylinder thickness reduction
results in reduction of its moment of inertia /., thus,
results in reduction of requirements to manufacturing
accuracy and to equality of elastic properties of
spokes which piezo plates are glued on. This can be
seen from the ratio of rim’s moments of inertia 7. to /.
reduced to resonator’s oscillation amplitude

I, (kY

I, H )’
where 4 is the cylinder lower potion thickness; H is
the rim’s thickness. So, when the following inequa-

(1)

. I . . . :
lity ?ISZ is valid requirements to manufacturing

accuracy are reduced more than 10 times. High re-
quirements to dimensional accuracy and -elastic
properties are imposed on resonator’s rim only. This
substantially increases resonator manufacturability
and, hence, reduces cost.

Sensor’s resonant frequencies calculation is per-
formed with the aid of CAD ProEngineer. Sensor
design and windows (holes) geometry are considered
to be good if distance between resonant frequencies is
more than 800 Hz.

To perform sensor modeling the following sen-
sor’s parameters have been taken: internal diameter is
23.6 mm and 4 = 0.4 mm. The rest parameters are
presented in the table 1.

Resonators with different
presented in Fig. 3.

Sensors resonant frequencies in the range of
[1000—12000] Hz are presented in the table 2.

Sensors 2, 4, 6, 7 can be used to make CVGs.

However, this sensor design has disadvantages
connected with that rim’s oscillation amplitude is

holes geometry are

transferred to the bottom with coefficient of 0.05. It
means that if rim’s oscillation amplitude is 1 pm, then
the bottom amplitude is 50 nm. As a result CVG
sensitivity and accuracy is reduced. Besides, under
external disturbances (vibrations and shocks) acting
along CVG input axis, i.e. perpendicular to the sensor
bottom, big load from the heavy, thicker rim is acting
on the thin narrow spokes which electrodes are glued
on. As a result of spokes deformation signals not
connected with angle rate are provided to the elec-
tronics to process that causes CVG error.

TABLE 1

Coriolis vibratory gyro sensor’s dimension

Ext. |Rim’s| Rim’s | Cylinder Holes

# | diam. | thick. | height | height
geometry

mm | mm MM mm
1 25 1.1 11 19 circle
2 25 1.1 11 19 triangle
3 25 1.1 10 17 circle
4 25 1.1 10 17 triangle
51254 ] 13 10 17 circle
6 | 254 ] 13 10 17 triangle
7 25 1.1 9 15 circle
8 25 1.1 9 15 triangle

Fig. 3. Sensors with circle and triangle holes geometry

TABLE 2

Coriolis vibratory gyro sensors resonant frequencies

Sensor #1 Sensor #2 Sensor #3
F,=1041.7Hz | F,=2160 Hz |F,=1173.6 Hz
F,=2618.4 Hz | F,=4168.4 Hz |F,=2726.2 Hz
F;=5163.5 Hz | F;=5154.1 Hz |F5=5277.3 Hz
Fs=5446 Hz |F,=10736.8 Hz|F+=5826.8 Hz

Sensor #4 Sensor #5 Sensor #6
?3232'2 Ei Fi=2117.3 Hz | F\=1334.4 Hz
Fo—53043 H, |F7-4092.9 Hz | Fy=2892.3 Hz
F3_ 6096.5 Hg |F:0074 Hz | F3=5440,6 Hz

4= . _ _
F.=11791.1 Hz F+~=10376.2 Hz | F,=6339.1 Hz

Sensor #7

Sensor #8

F=2261.3 Hz
F,=4423.6 Hz
F5=5263.9 Hz
F,~=11002.2 Hz

F,=1100.1 Hz
F,=2400 Hz
F;=4756.1 Hz
F,=5421.2 Hz
Fs=11432.6 Hz
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IV. SENSOR WITH ELECTRODES ON ITS WALL

To increase sensitivity and accuracy when mea-
suring angle rate and to reduce sensitivity to external
mechanical disturbances holes are performed on the
cylinder wall. Spokes formed as a result of performed
holes are ground to form flat surfaces to glue elec-
trodes. The electrodes can be glued spokes sized, as
depicted in Fig. 4, or spokes fraction sized. In the
latter case electrodes can be glued in upper or lower
potion of the spokes.

Fig. 4. Sensor with electrodes on its wall [4]

Relationship between rim’s thickness and height,
bottom and spokes thickness are chosen so that to
minimize their mutual influences by their resonant
frequencies separation.

Under external disturbances along axis of sym-
metry (gyro input axis) load is acting along spokes
longitudinal axis in the design of Fig. 4 and along
lateral axis in the design of Fig. 1. Spoke’s stiffness
along longitudinal axis is much more than that of
along lateral axis. Really, let’s suppose that in the
designs of Figs. 1 and 4 spokes are equal sized rec-

tangular beams, then the lateral spoke’s stiffness K is

where E is Young’s modulus of the spoke’s material,
w is spoke’s width, / is spoke’s thickness, / is spoke’s
length.

Longitudinal spoke’s stiffness K is

_Ewh
y / :

For resonator diameter 25 mm, spoke’s sizes can
take the following values: w =3 mm, 4 = 0.4 mm and
/ = 6 mm. In this case longitudinal stiffness is
K, = 0.15E and lateral stiffness is K, = 7.4x10°E.
Thus, longitudinal stiffness is more than lateral
stiffness K,/ K, ~ 2x10° times. This results in sub-
stantially lower (2000 times) deformation amplitude
under external mechanical disturbances for sensor
design with electrodes on the wall, than on the bottom
of the cylinder.

To model it has been developed sensor design of
Fig. 4 with the following parameters: spoke’s thick-
ness is 0.5 mm, bottom thickness is 0.9 mm, rim’s
thickness 1.1 mm, rim’s external diameter is 25 mm,
rim’s height is 11 mm. Sensors modeling results with
different window (holes) configurations are pre-
sented in the table 3.

Ewh’
= ) (2)

K )

TABLE 3

Sensors resonant frequencies for different window and spoke sizes

spoke’s width 2 mm;
window height 4.8 mm

Fs=11371.2 Hz

Sensor #1 Sensor #2
F,=1951.7 Hz F1=1998.9 Hz
F,=4103.7 Hz F,=4222.5 Hz
F3;=5167,5 Hz F3=5226.4 Hz
F,=5352.2 Hz F,~=6013.3 Hz
spoke’s width 2 mm; Fs=8928.5 Hz | spoke’s width 2 mm ; F+=11121.7 Hz
window height 5.2 mm window height 5.2 mm
Sensor #3 Sensor #4
F,=2023.8 Hz F;=2034.9 Hz
F,=4318.7 Hz F,=4283.4 Hz
F3=5238.1 Hz F3=5225.9 Hz
F,=6070.3 Hz F4=6123.1 Hz

spoke’s width 2.2 mm;
window height 4.8 mm

Fs=11565.4 Hz

Sensor #5
F,=2048 Hz
F,=4311.4 Hz
F3;=5244.8 Hz
F,=6182.8 Hz
Fs=11933.6 Hz

spoke’s width 2.4 mm,;
window height 4.8 mm

Sensor #6
F,=2169.9 Hz
F,=4421.2 Hz
F3=5269.6 Hz
F,=5352.2 Hz
Fs=8928.5 Hz

spoke’s width 2.2 mm;
window height 4.8 mm
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Sensors 2, 3, 4, 5 can be used to make CVGs,
because these sensors have resonant frequency se-
paration more than 800 Hz. As can be seen from the
table 3 the windows in cylindrical sensors should be
made oval, not square.

Seal’s bushing is made of 29NiCo (kovar) alloy
which temperature coefficient of linear expansion
(TCLE) is equal to that of glass C52-1 (Russian
classification) and equals 5.2x10° K.

The base in which seal is glued is made of
44NiCrTAl with TCLE of 8x10° K. Because relia-
ble glass-wire seal junction is possible when TCLE of
joint materials are close to each other, otherwise it
results in cracks in the glass at temperature change
and, hence, vacuum violation.

Use of 29NiCo material removes the TCLE
problem for seal manufacture and allows not using
glue and bushing in glass-wire seal junction that
increase its reliability. Such base design is presented
in Fig. 5.

Base

Material Kovar

Wire-
Material Kovar

Glass C52-1

Fig. 5. Base design with glass-wire seal junction

In sensor design piezoceramic plates are glued
along whole spoke’s length. The wire is soldered to
the lower portion of the plate and to the wireway.
Sensor design is depicted in Fig. 6.

Fig. 6. Coriolis vibratory gyro sensor design

Petrenko Oleksii. Master of Science.

This design is covered by the cap and is welded at
its base along the circle. In the upper side of the cap
the hole is performed. Copper tube is soldered to this
hole to pump out the air to make a vacuum inside the
sensor. After vacuumization the tube is cut and sol-
dered around.

V. CONCLUSION

Coriolis vibratory gyro metallic cylindrical sensor
modeling results shown that the design with windows
on the cylinder wall has advantages over that of with
windows on the bottom. Use of sensor with window
on the wall and conical mount on the base made of
kovar will allow increasing CVG accuracy as well as
reducing sensitivity to external mechanical distur-
bances.
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ripockona 3 MeTajeBUM IIIIHIPUYHUM PE30HATOPOM

[IpoanHanizoBaHO BI KOHCTPYKIII YyTIIMBOTO €IEMEHTa KOPiOIiCOBOTrO BiOpAIiHOIO TipOCKONa 3 METAJCBUM IMITIH/I-
pUuHKUM pe3oHaTopoM. [IpecraBieHo pe3ynbTaTi KOMI IOTEPHOTO MOJICTIOBAHHS PE30HAHCHHUX YacTOT Ta Ha iX OCHOBI
0OTpYHTOBAHO BHOIp T€OMETPUYHHX MapaMeTPiB YYTIUBOrO €IEMEHTA TipOCKOIa.
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[Ipoananu3upoBaHbl B KOHCTPYKIIMH YYBCTBHTEIHLHOTO 3JIEMEHTa KOPHOJIMCOBOIO BHOPAIIMOHHOI'O THPOCKONA C
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