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Abstract - A-désign and a simple fechnology for manufaciuring
an inexpensive fised quartz resonator for generakpurpose CVG .

are proposed. The resonator was made from a5 piece. of
commercially available fused quartz tube. The proposed technology.

makes it possible to manafacture such a resonator without the use -
of precision machining, while the Q-factor: of ‘siich a' resonator in:
the kilohertz frequency range: reaches 1000 000, Although -this" -
Q- factor is much lower than that of précision quariz resonators, it

considerably exceeds the Q-fnctor of cylind¥ical mietal ‘resonators.

In addmon, the stability, of the dlss:patxve characteristics of the

resonator, is greatly ‘increased, which, on the whole, reduces the’
systematic drift of the: device and its mstabﬂlty Thesé advantages
make it possible to sign lﬁcautly improve the accuracy of a-generak-
purpose CVG without increasing its cost price. The design-and
characteristics of such resonztors, the metheds of their balancing,
as well as the possible constructive appearance of CVG on then-
basis are given. s s .

Keywords—ConaIis vibmmygym.\'cope. fused quariz .
Ll INTRODUCTION : :

CV@ is calculated. As for other types of gyroscopes, the errors of

CVG are determined by defects of various kinds. In particular, *

CVG possesses a significant systematic drift of the standing wave
due to the inhomogeneity of initernal friction in the mechanical

resonator. Accordmg to [1, 2] the ampllmde of the rate of this

drlﬂ is

where 6 is orientation of the wave patiéth in the resonaldr‘ f T
the natural frequéncy of oscitlations; Oy, Q; are the Q-factoxs of

the resonator thh rcspect to 1ts VlSCOSlty axes i

201

‘where B o AQ/(Q"'AQ)
S mstablllty g

’pressure ard
; -determmed by the mstablhty of th

- ‘techriology, -which’:makes’ their use. in-
_ due 10 hlgh cost. ;o

'_avallable fused quartz tabes. THi

EVgenii:Chmhankin !
S ANPP “TEMP-AVIA”
zamas, Russia
'h354@mall ra

: VG is ta.l(en into_account by

¢ calibrating the' mstrument. However, the stability of ‘this ‘drift -

. "(and-hence. tHe accuracy of its: compensdtion), depends on the

o stabxllty of the characteristics of thie resonator. Suppose that in an
~ideal resonator (Ql-Qz—-Q), the:ifiternial fiction along one of the

v1scostty ‘axes sllghtly changed and: became equal to

@ * AQ)" ‘Then there witl be an addltlonal systemanc drift with

the angular rate amplmzde o 2

ﬁ'ictio"n ‘relative

: ‘Fi’bi'h “latter expressxon 1t fOIIOWS that the error ofCVG is

: mversely proportional “to the - Q-factof' of ‘thé: resonator -and is
VR dlrectly propomonal to the msmblhty of mtemal friction. The

"In recent years, Conohs v1brat0ry gyroscopes (CV G), whose' % ‘
functioning is based on the precession, of elastic standing Wwaves -
in a thin-walled mochamcal ‘resonator under the actaon of Coriolis.".
forces, have become quxte widespread. The motion of the wave .
pattern relative to ‘the ‘resonator is proportlonal to" its -angular &
displacement, theréfore, by analyzmg the motion, of the :wave - :
pattern relative to the resonator, the angular dxsplacement of the "

Ut 1ts mzmmum value is
‘cture of the matcrial of

rpose mechamcal resonators of general-purpose CVG

-are; usually made of stainless steél t6 reduce production costs
- [3, 4], The Q-factor of such resonators does not exceed 1- 10%, and
. the inhofaogeneous intensity of internal friétion in'metals sharply

redtices the stability of the characteristics of the sensing element
anid- the'CV G as 4 whole, This problem can be solved by using
quartz resonators in low and ‘mediu precxsmn CVG, however,
the productlon of quat‘tz reSonators of. kn Wi demgns fequires the
usé of precision -mechanical equlpme id-complex -production
ch d_evx_ccs impossible

The aini of the wo;k Wis 10" shudy- 4 new de51gn and a

‘ sn'nple technology of manfacturing ‘an inexpensive fused quartz
-_fesonator - for general—purpose CVG:

the “basic idea is to
cg of commetcially
sottment . of such tubes

manufactire ‘such .a: resonator; o
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produced by different firms is-Very wndé, 56 the resonators can .
have a diameter that varies-within wide limits: Since industrially:

produced . quartz ‘tubes’ have ~a .small" non-roundness, . such

resonators can bé. manufactured without additional mechanical

processing of glass, i.e., without the usé of precision mechanicat
machines. Although the quality of fused: quartz'in such tubes is

inferior in impurity concentration to known brands of high-purity .-
quartz glass, the Q-factor of such a “tubulat® resonator is. 5-10",
times higher than that of metal résonators, and the high strength " :
of the fused quartz “struchire” provides ‘high ‘stability “of its

dissipative characteristics. The design of a tubular resonator-cdn

be quite simple. As a result, such a resonamr has sufﬁciently hlgh‘ e

performance at 1ow cost.

II,.V RESULTS AND DISCUSSION
To test this approdch, several samples of "tubular” resonators

were made. We used tubes made of fused quartz with diameter of .+
20-30 mm of Rugsian and foreign production. The quality of

ax:al symmetry of
¢ ‘imported sample
k studwd ‘the deviation ﬁom the axml symmetry was about 20 pm.

* From these tubes, Wwe méde séveral ‘resonators of ‘various

: .deSIgns {(Fig.-2). Resonators were manufactured manually with

the help of'a glass biower. The fi
the foot:(4.and B iri Fig. 2) or' byt
tube (Cin Fig. 2). ¥

f the resonators is done by
of the short part of the

fused quartz in ‘such- tubes can. vary widely, To estimate the. ™

amount of impurifies, ‘we performed’ a spectral IR and UV -
analysis of the samples: of ‘thie. fused quartz tubes used. The .
content of impurities in the glass of imported pipes is muchless, .
in addition, it ‘completely: lacks hydroxyl £roups. This ‘makes it

possibleé to classify the matetial of Russian pipes as a widespread
type 1 guartz glass, and lmport ones to pure quiattz glass type IV

The axial symmetry of the. tubes was also dxfferent Figa:l i
shows the data characterlzmg tlus parameter for some types of :

the tubes used. -

Diameter, am .

Tibs Dy..ifndo ] Doy doo_ . |_Dus idis D dis
221 209511789 20:84-{ 17.90"| 20,83 | 17,81 .{ 2087 1791
231 3115 .-2822 {3119 {2833 | 31,17 1.28,00°{ 31,24 2832
Tl : Shell thickiess, mm. T Bt
- Tube I ponl ] Pomt2 . | Pomt3 Pointa..
221 - 1.56. -:1.63 . 1.63 - 1.69
231 1.38 = 1,33, 1.52 1.62
Flg 1. Evaluation of the axial symmetry of fused quartz tubes -

Cagp

4 solid stem;

Qaactor |




error of glass-blowing work- performed manually, during the": ¥ )

formation of the resonator, and also because of the errors in‘the
length of the resontor from the tube. If some uncompllcated

mechanical devices are used in this process, the axial symmetry -

of the tubular resénator can be significantly improved.

Due to’ the: fact that the fube length L is relatively Iarge, Bt
ie., L(RSY™ ~305>1; the *results “of _mieasuring "natural
frequencies -.f, are in 'a’ good accordance - with theoretical’
estimations [6] and rciatlvely close fo the correspondmg hatural

frequencies of elastlc ring oscillations [8]:

where n is the ni;mbéféf&le fbi_'m ofoscl;lidffoﬁéj s
- S0y ﬁ518I‘7’5.R'}L“'7c2——E—~‘
PRy B RN T g

n=

E=710"Pais the’ clastlc modulus,

25103kg/m is the .

" mass defect of the resonator, k
'-mass defect of the resonator,~

(3. resonators, as a
natmg thc sphttmg of the

< ‘ass of the resonatar {s compensatcd
" of ;shock:" absorbers.. Ion-plasma
: remove the mass

; perfon‘nancev‘”
-value of M4 There

material dens:ty, R, are the radius and the thwkness of the shell; .2

v=0.17 isthe Poxsson s rano

The Q-factor of tubular quartz résonators is many txmes Iargcr
than that of metallic ones, which makes it possible to create an

inexpensive general-puipose CVG with good performance. The 2
most technological design if the vatiant with waistline. As the. .

finite-clement modeél shows, for the well-chosen dimensions -of

the working paft, liner and’ waistline, there. are practically no

oscillations in the fixirig plane, which allows achieving a high Q-

factor of the resonator éven thh cons:derab!e axial asymmetry of "

the structre (Flg 3)

Fxg 3. me—element ﬂmulazlon of oscnllauons With respect to the 2nd form i :

. L BALANCING f S5 1 5,
The main dlsadvantage of ‘tubular resonators is the. large{:
splitting of the. natural ﬁ'equency This defect can be. eliminated

by ‘balancing the tesonator. The resonator mass distribution with, . :
respect to the czrcumference angle can be represented asal Founer, s

series as:

M@)= M, +Y M, coskip=,);
e ““‘k=1_ e & :

10ving 'the unbalanced
of ‘the ‘resonator

éxample, by the chemical method ‘of
mass from ;the surface of th
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etching ‘time. Another variant of etching . involves inclined - shtengel 8 nstallatlon of the assembled CVG is camed out w1th

immersion ofa cylmdncai resonator in anetchmg solutton {10] - the help" ‘of - shock absmbers, ;
b oscﬂlattons of the resonator under

s mal vibratioh. The control:
a\2 CVG DESIGN 9 am those describcd in the

The structural appearanoe of a CVG constructed on the basis

of a tubular resonator’ can differ. depending on the methods of " 120

excitation and détection of oscillations. To maintain the high'Q= . "~

factor of the resonator, it s expedlent to-use the electrostatic *

method, well known in gyroscopy A variant of this CVG is

shown in Flg 5. .

- segment, “of an industrial-man
‘the SImple t_echnology The Q-factor of su

8

g
o
3

o Al V Yarin, and
" E. A Chumankm, “Resonator maté {olis vibratory gyrescopes,”
Proc. 'of Thé-22nd. St-Pétersburg o i, Titegrated Navigation
" Systeins,- Samt-Petersburg, 2015 pp. 379- b :

f.tnnalabs@ URL nn

Fig. 3 A constructlve verston of a CVG witha tubular resonator:

The resonator: / Wlth an mtcmal metalhc coatmg is fi xed by e
conductive glue with a métal stem'2 through an'elastic element.3.
The natural ﬁ‘equency of 'such a: suspensxon of . the' résonator is - "
selected in the range 0.5+1.5 Kbz to. ensure vibtation isolation of
the resonator and the housmg 6. This allows to sharply reduce the - -
effects of vibration of the ceritgt of mass of the resonator caused
by -1-3 forms of mass defect ‘The other end of the stem- 2:is.
pasted into the pnckoff 4, el_ectrodes connected to the hermetic .
leads are placed on-its. side: surface 5, “The " collected - sensor- ;.
element is subjécted- 0" precase balancmg by ‘the. ion-plasma
method arid then installed:in a sealed housing 6. On the cover 7 -
of the uppet compartment of the.housing 6 a getter pamp 9is.
located with buﬂt-m electnc heater and pumpmg out: of the .+

v, Chumankm,
s ,by chemlcal etchmg,




