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On the Quality of Filling Floeting Qyroscopic Instruments
with a Special Liquid,

-

by

2., 7, Urazayev and V, Yu, Stishmarev

In broad use at present time are integrating and differentiating gyroscopes,
which are used in modern autamatic flight control systems, in hydrostabilization sys—
tems for various devices, in autoncaous inertia type navigation systems etce

These instruments should have high accuracy, low sensitivity threshold,greater
er stability of output perameters, vibration resistance, vibration strength, as well
as strength and stability with respect t0 impacts,

Integrating and differentiating gyrosccpes of conventional use in a majority
of cases do not satisfy to a sufficient degree the enumerated requirements, This is
explaiped by a whole series of causes, the main ones of which are: too great and
inconstant in value friction mament in the bearings of gyroscope frame and in the
mtually moving elements of demper comstruction, insufficient vibratiooal and impact
strength and stability, as well as the difficulty of realizing required demping,

Consequently the employment of integrating and differentiating gyroscopes in
modern accurate control systems and measuring was found to be possible -only after
solving f:he o blem of reducing the friction mament to & minimum in the frame sup-
ports, creation of a damp;r, free of dry friction, end increasing the vibretiomal
strength and stability of the instruments,

This problen was best solved in floating gyroscopes, which arc a pewer and more

perspective variant of integrating and differentiating gyroscopes, A reduction in

friction momemt in these instruments is attained by relieving the bearings on account
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of emplaying the lifting forces of a liquid,

The arrangement of a two~sidel floating gyroscopes is shown in fig.l, The gyramotar
4 together with the frame is placed in an airtight float 9, (n the axis of the float
is mounted rotor 6 of the angle indicator and rotor 2 of maments indicator, the sta-
tors of which are attached to the camuon body 10 of the instrument, Between float 9
and body 10 of the instrument ic gituatea the liguid, Simce the vclupe and specific
weight of the liquid change substantially with the change in temperature, rovisions
wvere nmade to maintain constant temperature « in the body of the iactrument is instale-
led a beating coil 7 and thermo-resistoar 8, serving as sensitive element of the ther.
mo=regulatore To campensate the possible changes in the volume of the liquid one face

of the body ia covered with sylphon 1l .

Mg.leSchemntio of two stage floating gyroscope.
lesylphon; 2-rotar of moments indicator; 3-stator of moment indicator; L-gyrooteor
S=stator of angle indicator; Gerotor of angle indicatori 7-heating winding;
8=thermo resistance; 9eairtight float; 1l0=body of instrument, .

Volume of the flomt and specific weight of liquid are selected so that the weight
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d‘ the expelled 1liquid should equal the weight of the flosting gyro unit, The gyro
unit is thoroughly statically balanced so that its CG coincides practically vitw the
center of pressure; 1.6, with the center of gravity of the expelled 1liquid,

ifter these conditions are fulfilled the losd on the bearings , and comsequently
also the friction moment in the frame supports become practically equal to zero.

The 1liquid is used simmltaneously for the obtainment of required damping and ob.
taimment of high vibrational and impact strength and stability of these instruments,

One of the i.portant tecanological problems in thc manufacture of floatiig gyroscopes
is the operation of filling the instruments with & special liquid and control of fil-
ling quality.

Under the term *filling quelity® is understood the absence in the body of the
instrument of air bubbles after filling same with liquid, Air pubhlas in the boldy of
the instrument have a neative effect on it performance , bceause the air bubble adher

ing to the floating gyro unit may rove over the surface of the gyro unit and, produg.
ing harmful moments, will bring about the ajpearance of false output signals of the
gyroscope and their instability,

Furthermore, vhen an air bubble is present in the liquid it may distort the mag.
nitude of the damping mament, which is abmlutely prohibitted in inteprating gyroscopes,

where the mament, produced by the damper, appears to be the measur.

ing one,

Hence it follows, fhat the operation of filling should be carried out with great-
er thoroughness, and the method of controlling the gquelity of filling should assure
reliable measurenmt of the air bubble volume, remeining in the instrument after
filling same wit.h special liquid.

Milling of instruments is done on a special installation (fige2). Instrument 1
is placed in a ccntrivence 2 for mcm«l pu=ping, and tubes 6 and 7 are connected

to nipples of the instrument, After ’th:la with the eid of mechanism 1) is lowered
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bell 10,, the vacuum punp is connected and valve 8 is opened, The magnitude of the

remanent pressure, controilo?n by vacuun;:ater 12, should be not more than § mm Hg,

After the air bubbles have been separsted fram the liquid into fi,aak 4 but not earlier
. than 3 hours from the beginning of vac¢uuming, should the filling begin, To do this

tumbler Ty connects the attachments for mechanicel pumping, and with thc aid of tumb.

ler 2,motor and reduetor va_lve S is shifted into ®open ® osition,

ifter the arpearance of liquid, vhich passed through the instrument, in flask 3

above the level of marker }4, but not socner than within 3 hours from the begianing of
£illing, valve B is closed and the vacuuming is discontimaed,

Then is disconnected the contrivance for mechanical puaping, valve 5 is shut and
with the aid of valve 9 the pressure under thc bell rises to atmospheric. A reduction
in the level of 1liquid in flask 3 should not be greater than the given anmnceA H,
the magnitude of which is ordinarily set up experimentally,

After this the bell is 1lifted, the insirument is disconnected from the instella
tion and the openings in the connecting pieces of the instrument are choked off, :
The filled instrument is then held for twc hours in a thermostat at a temperature of
+ 50°C and is cooled in the air to normal temperature of 20 £ 5° C for no less than
two hours, after which the presence of an air bubble in the instrument is checkeds

The evaluate the filling quality of prectical interest is the " evaluation of

the relationship between residual suznary volume of air bubble in the filled instrﬁ- i

ment and the magnitude of drop in liquid level AH in flask 3,

We will determine the m tio between volume of air bubble in the instrument and the
1iquid level drop in flask 3 by the valuspAH, !
‘We will asmime that in the insirument after £illing the liquid remeined +ertain
voluze of alr vp at & remnent pressure u:der the bell pp.When the precsure under
the bell is raised to atmosrpherie Pge the volude of tke air bubble 1n the instrument

-

will decrease to a value Vae
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See Attached Paze Sa for Fig, 2

Fig.,2¢Installation for filling instrurent with special liquid,
l=instrument being filled; 2econtrivsnce for mechanical punping; 3emetering flaskjg
L=flask for special 1iquid; Sevulve,connected thPough reductor with electramotor 6;
7=rubber vacuun tubes; Bevalve with valve 9; lO=;lass bell; ll= tablej l2=vacuume
reter; 13- tecinological connecting piccej l4y=bell raising mechanism; 15~protective
cylinder for transparent Flexiglass; léereductor; 17=clectric motor,T} and T,= tumblers,
li=graduation on metering flask, ’

It is apparent that VgeDPg® VePae (1)

The megnitude of the volume v, can be indirectly determined by the magnitude of )
1liquid level drop in flask 3 fram equations

. :-,."‘"L"._\I-l. 2

where d « internal diameter of flask in mm; A H « magnitude of liqﬁid level drop in
flask in mm, '

Expression (1) can be written in form of

Wi o

then instead of equation (2) we will haves

B2 28

q.(:' -l)-""f'-.sll. .

{

But since p./pB is much reater than 1, thei with practically. sufficient accuracy it
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can be written

1]
-y |
W an Bay i
I i }
«
v="%. " sH 4y
] Ps '

Zxan: le. Assuming at d = 15 mm and at & rise in pressure from pp=3 mm Hg to Pa -
760 1 Hg the drop in liquid level in flask A\H = 2 mm, .
The sumary value of the air bubble volume in the instrument at atmospheric pres

sure p, is determined fram ex;ression (4)s
L R L L R ' /, ‘
‘T I's - ] TR A /a' !
If the periissidble value of the air tubble volums Vg perm is knownyit is then possid

le to deternine the permissible value of liquid level reluction in flask 3, at a

chanpge in precsure uad r the bell from pg to Pq from the following expression:

.
M € "rr ' S5
P

But reliable filling quality control by the above described method is daifficult,
because in terms (4) and (5) figures a 1iquid level drop value AH in flask 3,the measu-
rement of vhich with a sufficient degree of accuracy appears to be impossible, Theree
fore the presence of ar air bubble in instruments filled with liquid is checked on
a special installation (fige3)by an indirest method by the “movement ® of the sylphon,

To the body of instrument 1 is fastened with bolt 5 bushing 4 with indicator 6.
The shank of the iudicatar is brought down to the bottom of the sylphon :nd a 1 mm
tension is made along the indicator scalee The instrument is placed on pedestal 2
under cover 10, the vacuum pump is connected and valve 7 is opened, iAfter a given rare
faction is created under the cover (usually 3-5 m Hg) it is kept there for 5 minutes
and the first instrument indication is determined, Then with the aid of valve 8 the
air pressure under the cover is raised to atmosryheric and the second indicator reading
is determined, .

The di’ference between second and first indicator readings represents the *nmovement *

of the sylphon,



The movexent of the sylphon should not exceed the value,indicated in the crawing

.for given instrument, ;“ - T T "~.}
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Fige3eSchematic of the installation for measuring sylphom novemeng,
leinstrunent; 2-pedestal; 3etechnological screw; 4- bracketi Sescrew for attaching
bracket to instrument, b=indicator with 0,01 mm greduetion, 7=-s;igot with valve 8, 9=
vacuumme ter; lO=airtight cover with peeping window or glass bell; ll-table,

We shall deternine the mtio between the volume of the air bubdle in the i!-istrn—
ment and the movement of the sylphon. If under the cover was an atmocpheric wessure
Py and in the instrunment was an air bubbdble with & volume vg,,then when reducing the
pressure under the cover to & value pg the volume of the air bubble will rise to a
certain value vpe This increase in volun*ot air budbble will take place on account
of sylphon manmnt by a certain value S, The relationship between the values S amd
Vg can be established from the following considerations, ©
After setting the indicator shank with a 1 mm tension to the bottom of the sylphon

and at a pressure under the cover p,, the air bubble with a volums Y is under a res-

e ' "‘+;::' Ja

-

vhere
Preag™ 0e2 kg » measured force of indicatorj

- r,

after under the bell has been cremted & - vacuum i th remmnent ressure Pp

2 = effective area of sylphom in ci?.
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and the bottam of the sylphon has shifted by s value S, the air budbdle will de under

T oy

pressure L c .
P‘T ; ,+l-— A 5 l.

wihere j- rigidity of sylphon, i,e, the force, under the effect of which the sylphon

-

stretches by 1 mm (in kg/mm),
. T, (P.n + Vo 2 p. Five N S) . th)
It can be written: L fvie /o

o= F..M..- S % (

-

Expression (6) can be written in forn ofs

T =
. AT ()
o T s
U
Substituting expression (8) in (7); we will obtain .

1.4 —~—=

8t - S
R ft“" =FarS Qan
Pe l,--*’.‘.’, ““

Transfar=ing the obtained expression,we will obtain
/ Iv: Iulll (IS!' 0

. sy
/ -'h"‘(‘,lm )QW
In this equation the menbers pp; )9; IV e marked by the sign ® can be distegarded
io view of their smallness, In addition, it can be essumed, that ,=760 m Hg = 1 kg/
ex? = const, then equation 9 will acquire the following forms
e
Zxanple, The instrunent has a sylphon with effective area Foee = 12,56 co? and &
rigidity j = 0,8 kg/cm, During rarefaction froam atmospheric pressure Py = 760 mn Hg =
1 kg/cn2 to 2 precsure pg ® 5 m Hg = 0,0066 ke/cn?' the movement of the sylphon meas
ured by the indicator Ss 0,05 mm; the measuring force of tle indicator Fp,,, = 0.2 kg.
We will determine the volume of the air bubble in the instruceat by forrmlas (9)
and (10).
a) 3y farmla (9);

FTO=TT=63-148/142 8
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b) by formula (10)s
U N TR IR YT N TN TVRCS TR TT] B3 B I BT Y™ /o /L
The magnitude of the error when calculating the volume of the bubble by formula
(10) equals ’ , —w

PR F R

R .. " ,|nu,.‘ /0 O

where AV, - errcr in calculating by simplified formula (10) in %;

¥a(10)- volume of air bubtle, calculated by fommula 110);

Va(9) = vclum of air bubble, calculated by formula (9).
o eme M Jod

Consequently, the volume of the air bubbl; in the instrument can be determined
with practically sufficient accuracy by the simplified formula (105,

For concrete conciruction of the instrument the effective arca of the sylphon
and its rigidity appear to be constant values. In addition,far concrete setting to
control the volume of the air bubble the megnitude of remsnent pressure pg and the
ricasuring force of the indicator Fp.., also appear to be constant, Consequently
foruula (10) cen be written in form of

v.2c-8, (h
vhere ¢ = Ppe Forsr * Epaage

Tn this way, the megnitude of sylphon movement S characterizes absolutely the
volume of the air bubble, rezaining in the instrument after filling same with liquid.

To assure accuracy and reliability in measuring the volume of the air bubble it
i3 necessary, that the magnitude of the measuring force of the indicator Pm“ should

be by an order lower than the product Py e Faege In our example this product has the

value
Pl DG 1256200827 ne SV e ff ol

Consequently, the measuring farce Pm. s should be not more than 10 =20 g
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Furthercore,it is nececsary, that its force should be ccnstant, because fluctuations
in th? value Fppaq Will directly affect the accuracy of measuring the volume of the
air bubble,

In connsction with all that ha: been said, the obtuined application of

. indicators with measuring fcrce Fp,,, = 200=300 g
to evaluate the filling quality of instruwent chould be considered as a failure, For
those control systems shculd ve recom:zended instruments with low metering force, €8
micro catoars, The existiog method and mecns of filling instruments with special lie
guid allow to attain oaly cuck filling quality, at shich in the vody of the instru-
zent remains a swmary sir bubble of ithe mapgnitude of le2 m3. For many modern instru-
ments this filling qual ity cannot be considercd as sufficiert, Thercforey the methods
end means of filling require improcement,
Literature

Slaxyanskly GeA; Pryadilov,Yue il Floating Gyroscopes and their Application,Cborongiz
1958, )
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