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4 SIMPLE FLOATING PENDULUM GYRCGCOMPASS WITH
SUSPENSION ON A CORE BEARING

[fis is a translation of an article by M. A.
Sergeyev in Izvesitiys Vysshikh Uchebnykh Zavedeniy,
Priborostroyeniye (News of Institutions of Higher
Education, Instrument Building), No 3, 1959.]

t the present time several experimentsl models have been
made of land gyroscopic compasses, whose sensing components are
suspended in & liquid end centered on a core bearing (Fig. 1). We
cite below a theoretical investigetion of the moticn of the
sensing component of this compsss &t an arbitrary position of the
centver of gravity and of the center of volume,

In order to compose differential equations of motion, we

will use & geographically-oriented system of coordinates of

Ofnl, We will direct axis § along the meridian line northward,

sxis § toward the zenith, and the direction of axis 7 is

determined by the selection of the right-hand system of coor-
N1

Fig. f
Structural diagram of floating gyrocompass with suspension
on & core bearing: l-sensing component; 2-gyromnotor;
3-attachment brackets of gyromotor; k-electrodes;
S~frame; 6-theodolite; T-collimetor tube; 8-mirror;
O-core bearing.



e vertical and horizontal components of the diurnal

rotation Qé,;;%e earth about axis  and £ will be correspondingly
U sin g , wnete @ 1s the latitude of the location.

We will connect the system of coordinates OXYZ with thé
sensing component. We will make point O coincide with the point
of suspension. Axis Y in the poslition of equilibrium of the

' gensing component end when the gyroscope does not rotate

(K = 0) coincides with the vertical, and then the remaining
axes X and Z lie in the plane of the horizon. _ :

Let us assume that the principal axis of the gyroscope
is directed along with or parallel to axis Z. The coordinates
of the center of gravity of the sensing component in the system
of coordinstes OXYZ will be ly, ly, 1z, and the coordinates

of the center of volume will be Ly, s Lz ‘
In a position of squilibrium of the gsensing component and
at H = 0, the folluqing conditions are present:

M, =Pl,~QL,=0:
M,=QL,—Pl, =0 | .
IP,=Q—-P—R=0. I )
where P is the weight of the sensing component;
Q is its carrying capaclity; _
R is the reaction of the core bearing; and

M, My are external torques acting relative to axes X and Y.

P \
Fg.2 1
Angles d-%ermining the position of the sensing component.
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let us assume that the instantaneous position of axis
Z (at H # 0) relative to the system of coordinates Qfny ere

determined by angles ¢ and B and by angulsr velocities & and B.
The sum totel of projections of external and gyrcscoplc
torque on the sxes Y and ¥ will be correspondingly:
Ka + HUcosg - a HE + (QL,— P! )5 ‘ @)
TENA -——QL,)BmHmmHUsmcp-}—Qi PI Y
vhere k 1s the coefficient of friction with the liquid (the
forces of friction in the core bearing are not taken into
account).

If we neglect moment kB, as being very small, then on
condition (1) we will rewrite Equations (2) as follows:

xa+HUcosg- va+HB=0 :
(Pl,— QL) —~Ha=HUsing | 3)

The position of &quilibrAum of axis z of the sensing com-
ponent is determined by the expressions

HlUsing
a,=0, B, = T, < 0Ly

Exclading the v&riable B from the first equation, we get
a4 2hatpia =0, (4)

where

2h==

(Ply - QL ) __ Ply—~QlyYUcosy
o VH;; ¥ PQ.___” Y 5 \ . | (5)

The %-tal integrel of Equation &) 1s
azzDe M cos (Vui— A2t —§).
The law of motion of the sensing component will be deter-

mined .at the folloving initial conditions: let at t =0,
= Oy, ¢ = 0. As a result of calculations m&de, we will obtain

&= a, »Le “cos (nf — 4} T e Meos (nt — ), ‘ (6)

where B

/‘4§ E ¢ — h ’ :
=Vt ge=— (7)

In the land floating gyrocompesses with suspension on a core
bearing the weight of the sensing component is practically
equal to the carrying capecity, i.e. P={Q . Therefore the
period of free undamped oscilletions can be determined with
sufficlent accuracy according to the formula

T=2 A ‘
. “VP(/}!“L)')UCOS?' (8)



It follows from expression (8) that the megnitude of the
pericd of free undamped oscillations at pPay() depends, in par-

ticular, on the distance between the center of gravity of the
oepsin% component and the center of its volume. In oxdar to

ilel the maganitude of the pe riod of fres undamped oscillations
znd hencs to reduce the time, which is necessary to determing Bl
gyroscopic szimuth of the orienting side, in designing ths
spparatus the center of the volume of the sensing component
should, if possible, be removed from its center of grevity.
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Fig. 3
Dependence of the megnitude of the period of free
undesmped oscillations of the sensing component on
the erection torgus.

Consequently, with an identical weight of the sensing compo-
nent, the magnitude of the period will depend on the nsture of
the dlstribution of its volume relative to the center of gravity,
but it is not affected by the position of the point of suspension.
However, a diminishing of the periced of free undamped
oseillations of a simple pesdulum gyrocompass due to an incresse
of the srection torque ¢ is indicatsd within a determined range.
This is directly evident from the curve T= f(T) (Fig. 3)
where in & particular instance the magnitude of T can be
M=P Iy — L,
The cited functions indicate that a diminishing of the
meznitude of thve period with an increase of the ersction torgu
initially proceeds guite intensively. This takes plsce on

conditlion dT ‘»_,\ curve sgector ab., Subsequently, with an
a9k




increase of the erection torque into equal magnitudes the

diminishing of the period takes plece at an actually smaller
magoitude, i.e., for a small diminishing of the pericd it is
necessary considerably to increase the size of the apparatus,

the sector of curve be, and then ﬁ%% :>*m.i. '
It is therefore indicated to have such parameters of the
apparatus which would satisfy the relation ﬁ%; < —1 , or,
dam ==
substituting the values of period (8), we find

3 a_____ :
. o/ H +w/ H
CMLBI3Y mxsoa, TR ©)

where H and have, sorrespondingly the dimensions [Mem sec,

I em,

The above dependence (9) between the magnitude of the
erectlon torgque and the gyroscope's kinetic moment makes it
pegsible to determine falrly rapidly whether the parameters of
the apparatus correspond to the sector ab of eurve ];=f{qp)

- or whether they reach beyond it.

We will analyze the motion of the sensing component at a
variable magnitude of its carrying capscity. Let us assume that
the magnitude of the carrying capacity wes initially constant
W= Qy and at the same time condition (1) existed. Subsequently,
a5 a result of the change of density of the supporting liquid,
caused in principle by the instability of the temperature regime,
the carrying capacity will, within a small time interval % = t;

change according to the arbitrary law § = Qo = q{t), while
L& Tend 9(1KQ,. :

Substituting the value of § into the system of equations
(2) and taking into account equalities (1) we will obtain the
equations of motion of the sensing component, whose carrying
capacity changes according to the arbitrary law

;caf«}»HUcos:g»u-{-Hgml,,q(f)~5:{) ' R
KB+ (Pl ~ QoL )8+ q()L, B — Ha=HUsing —Lg(t)| (10)

Determining tha value of B from the second equation and
substituting it into the first equation (vwe neglect moment kP as
being very sr.1l) we have

. L Lygt) 1 ) iai o
wt [2h-H2hy () — 3 g(f) — GG 4 g i L g(n)] a=

— Ly Usingg( | - LlUsingatth gt} § (L, Llyq(t) g (1)
=W ren TH 9N+ H HIT+qth] — H2 a ”



where ‘m—::_P/y._, Q[_y is the erection torque at 4 = Qq;

y = .. i a small parameter;
Tt
n? = MUcosg_ is the freguency of free undamped
oscillations at u = Gp;
and o — » ;¢ is the doubled damping coefficient
TTHE at o = QO.

Expanding the terms of Equation (11) into a series con-
taining in the denominator Tt + g(t) according to the exponents

and neglecting the terms of the second and higher degree
of smallness, we will obtain

a+[2h+avq(t) — L‘yvc].(r‘)]a'+v[p2+ u*vL,q(i)]a=bq(f) +cq(t), (1)
where ;
- Mm —_ ﬂlLY+Lr —
2’1*"—7_7'[.,(»0.. g = b, |
HUsing Ly Using (13)
g, = Lo o= gt

We solve Equation (12) by the method of successive ap-
proximations, and for this purpose we will transfer the terms
which contain variable coefficients with unknowns, into the
right-hand side of the equality, namely

ot 2hd+|,1"o(=5c}{f)+ Cq(f)-i‘ v{[Lyt](f) ac](l‘)_]o\-+ ;\1Lyq<f)c<} (_14)
We will take as the squation of zeré approeximation
a0+ 2hao+ plao=0. (15)

Substituting the solution of Equation (15) into (14), we
will obtain the equation of the first approximation

& +2ha, + pra, = bg () + cq (+) + v{lLy gt} —aq ()] 0o — ply g (f)do} (16)
Similarly, the equation of the n-th approximation will be
5,42k, 4 pla, = bg @)+ cg (B) +¥{[Ly ()~ aq () ]an_ wrlyq (), }

Then we will find the solution of Equation (12) as the
sum total

a=dg+ (o — Ao+ (g — A+ o,y

whence

o= lima,
n-» @




In our investigation we limit ourselves only to the
solution of the equation of the first approximetion, i.e., we
assume e : S o i

ey, i 4)
The particular golution of the eguation of zero
approximation, at initial conditlons t = 0, o =a, ¢ =0 will be

8, = a6 M cos (mt — §) maeeos(at —4¢). (18}
where n and  have vaiues determinable by expressions (7). '
Substituting solution (18) into Equation (16), ve will

obtain a4+ 2ha, + pla = N(t), o  (§9} 

wnere ‘ o
N(ty=bg(t)+cg(t)Fam e~ [ag(t) — L,g(h)] sinnt — p L,q(t) cos(nt — g)}.
The total integral of Equation (19) will be

- e k(- .
3= ¢ (cic0s nt 4 cosint) + f FMEINEsina(E—d o)

T+ should be noted that in order to prevent uncertainty, the
letter stands under the simgn of the integral instead of t.

We will determine the particular scolubion of Equetion (19)
at the accepted inltial equations: at t = Uy, Oy = G, Oy = 0. As
a result of the calculations mede the arbitrary constants have
the following values: ) oa oo

:Ci, ..’:f:'ac, Cz_z ac‘-;x*" .

Substituting the values of srbltrery constants into
Equations (20) and teking intc hccount the relation (17), we will
obtain the solution of Equstion (12) with an accuracy up to the
terns which contain the megnitude -vq(f3 , in the first degree

wfi? . } b 3 "’h( f—x) .
a=ace cos(nt ""‘?)*f“;;‘fe g(tysina (t—z)ydc
4 .
t
! ht

w+%[[W”wunMNU~ﬂdt+%v%E~!Nxﬁﬂanwqdn(m)
: | \ "

where

N,(:} = [ag (1} — Lg{)lsinnc—plg()cos(nt—¢)

The position of equilibrium of land gyroscopic compasses
is determined according to the extreme displacements of the
sensing component in the azimuth, but which are not binding due
o unavoidsble chance disturbances. As a rvesulit, an error ap-
pears in the reading corresponding to the position of equilibrium.
As we shall point out below, the magnitude of the error



depends on the nature of chance disturbances. In this article
we are concerned only with the qualitative aspect of this
rhenomenon. _ '

Fron the obtained approximste law of motion of the
sensing component (P1l), it follows that during arbitrary changes
of its carrying capacity chance disturbances are superpoged on
the free damped oscillations g, e~* cos(nt— ) Wwhich are

caused by the instebility of the carrying capacity, and are
determined by the consequent terms, The disturbed motion dis-
torts the regularity of oscillation of the sensing component in
the azimuth, and there appears an error in reading off its
position of equilibrium,

If the carrying cspacity of the sensing component is
constant, i.e., if the temperature of the supporting liquid 1s
unchanging, then Q = Gy and a{t) = 0. There is no disturbed

motion during this condition. The succegsion of extreme dis-
plecements of the sensing component in the azimuth will be
regular and it is determined in accordance with expression (6).
Here the nature of oscillations of the sensing component, not
containing any chance disturbances, does not introduce errors
into the reading off of the position of equilibrium.

‘ In order to obtain a sufficiently accurate reading from
the apparatus, it is necessary to diminish the magnitude of
disturbed motion caused by the instabllity of the carrying
capacity of the sensing component. Hgwever, a high degree of tem-
perature etabllity of the supporiting liquid is not enough to
ensure minimum values of the magnitude of disturbed motion.

As follows from expression (21), it is also necessary to make
sure that the cofactors b, ¢, and & are sufficiently small. In
accordsnce with designation (13) the velues of b, ¢, and & depend
on the design constants of the apparatus, and in particular on
the coordinates of the center of volume of the sensing compo-
nent (Ly, Lﬁ’ L,) within the system of coordinates OXYZ. There-
" fore, in order t0 didinish the disturbed motion it is necesssry
to make sure that the center of volume of the sensing component
should sufficiently accurately coincide with the polnt of its
suspension. It should be noted that in the ideal case, at

Iy = Ly = L, = O there is no disturbed motion ceused by the

instability of the carrying capacity and the oscilletions of the
sensing component are described by the expression (6),.

At the present time the senaing components of such gyro-
compasses are balanced relative to the rotstionel axis Y. In
balancing, attempts are made to distribute the center of gravity
and the center of volume along axis Y, l.e., to have Ly = O
snd L, = O. However, such balencing ensures only a psrtial
diminution of disturbed motion caused by the instability of the
carrying capacity. As & result of the fact that the center

of veolume of the sensing component does not coincide with the




“point of suspension, i.e. Ly # 0, the magnitude of cofsctor b

can be considersble. At the same time the disturbed motion will
produce a substantial distortion of the regular oscillaetions

of the sensing component in the . azimuth.

, The last components which describe the disturbed motion in
expression (21) are directly proportional %o the magnitude of
amplitude Q.- This component is very small in comparison with

terms which contain cofactors b and c. Therefore, disturbed motion
which depends on the magnitude of the amplitude will not subsitan-
tially effect the regular oscillations of the sensing compo-

nent. Still, it should be borne in mind that it is preferable

4o determine the position of equilibrium sccording to small
amplitudes than according to large amplitudes.

Coneclusions

The investigation of the motion of the sensing component
of a flosting simple pendulum gyrocompass with guspension oOb &
core bearing at an arbitrary position of the centaer of gravity an
and of the center of its volume, makes it possible to arrive at
the following conclusionsi

1. The period of free undamped oscillations at is deter-
mined sccording to the formula

) .K'V H
Pty -~ Ly)ycosg

The meanitude of the pericd depends on the distence beiween
the center of gravity of the sensing component and the center
of its volwue and is not affected by the position of the polnt
of suspension.

o, In order to dlminish disturbed motion caused by the
instability of the carrying capacity, and hence in order to
inoresse the accuracy of reading of the appsratus, it is neces-
sary to make sure that the center of volume of the gensing
component should coincide with the point of suspension. The
position of equilibrium of the sensing component iz preferadbly
determined by swall smplitudes than by large ones.
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