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The gyroscopic compass represents an instrument with a large period of
natural vibrations, of the order of one hour and a half. For the damping
of the natural vibraﬁions which may occur because the gyrocompass in
starting was not along a meridian, a considerable time will be required,
equal to three to four periods of natural vibrations. There is an interest,
therefore, to study methods of an accelerated placing of the gyrocompass
in the meridian., Usually, the latter is accomplished by an application to
the gyrocompass of additional external forces, The problem regarding the
selection of the law of control of these forces is discussed below.

1. The equations of motion of a gyrocompass fitted with a hydraulic
damper for the damping of natural vibrations, are of the following form

L1l Ag - H3 4+ HU cos oot =0

B3» — Has - IPB + IP(1 —p) 9 = HUsing +Q (1) (1.1)
9 L F9 L F3 =0

Here a is the angle of rotation of the gyrocompass in the aximuth, S
is the angle of elevation of the Northern diameter of the gyrosphere
above the horizontal plane, 8 is the angle of inclination of the fluid
plane in the hydraulic damper above the equator plane of the gyrosphere.
H indicates the resultant kinetic moment of the gyroscope, mounted in the
gyrosphere, LP is the static moment of the gyrosphere, 4 and B are moments
of inertia of the gyrosphere with respect to the corresponding axes, U is
the angular velocity of the daily rotation of the earth, ¢ is the latitude
of the place of observation.

We indicate by Q(t) the additional generalized external force which
represents a moment with respect to the eastern diameter of the gyro-
sphere, applied for the purpose of an accelerated placing of the gyro-
scope into a meridian. The law of time dependence of this external force
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is to be determined, Limiting ourselves to the study of the precessional
motion of the gyrocompass, we omit the inertia terms Aa” and BB in
equation (1.1). Equation (1.1) then is reduced to the form:

k2 kZ

- . (— — o1 (t

YT s T Teoss t—pys=aq (@ (1.2

where Y, + U cosoy =0, Yy + Fys+ Fya =0 (1.3)
HUsin ¢ HUsine IPU cos p Q)
mza.m=ﬁ—'jﬁr—,w=9+*jﬁf—,W*‘—ﬁr—,mﬂhr—jr

The characteristic determinant of the system of equations (1,2} is of
the form

A (D) = D3 - FD? + k*D - pk?F (1.4)

The stability condition of the gyrocompass, as seen from (1.4 will be
the following:

0<p <t (1.5

The parameters of the gyrocompass are usually selected in such a
manner that the characteristic equation

ADY=0 (1.6)
has a real root D1 and two complex conjugate roots Dz, 03. Designating
these roots by

D]_::Z, Dz, Ds—_—e:{:iw (17)
AD)=(D—x»)(D—e—io)(D—e+iw) (1.8)

we will have

The solution of the equations (1.2) is of the form:
¢

y; () = Aie“i -+ Bie” cos ot — Gie‘t sin @t 4+ SN“ (t—w) g Wdu 108 (1.9
0

Here

Ai =e, % 0) + 23543 ©+ &:9Ys ©)
B = by 31 (0) 4 bypys (0) + 8,5y (0) (1.10)
Ci = ciy¥1 (0 + cig¥2 (0) + ¢3598 (0)

Ny @ —u)= ane"(""‘) + bile“"‘“) cos o (£ — u) — cile‘“"“) sino(t—u) (1.11)

and the coefficients @je bij' c;j are determined by the expressions
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ay = px (x + F), a4y =—p(x+F)Ucose, agy = pFU cos ¢ (1.12)
=ty os?(K+PF)» ags = px (x + F), asy = — pxF
k2
a18=}’-m(1_9)x' agg = —pk? (1 —p), ags = p (% + k%)
by = p[e? 4 03— % (F 4 26)], by=p (x4 F) U cos @, bsyy = —pFUcos g
b“=_pUcos<p( +pF),  bay = p [ + @ —x (F + 2¢)], bgs = pxF
X

b18=“‘}’~xm(1“‘9)- bas = pk? (1 —p), bsg = p (% - @ — k% — 2ex)
= — L@ (F—x)e + (0 —xF) e+ 0 (x + F)]
Cg = — }: UOOSQ[(E—X)(S+PF) w?], Cas=-—:—k2(1"‘P)(s_")
Gy = — ;j Ucos<p“—*’>[°‘°““) o, em=—-L(c—) FUcoso
ey = —Ucose[(e—x)(c+ F) + 0?], Cog = .?:f_[eF(e—x)—i—wzF]
c.==——n,*‘—[e=+<F—x)e2+<wﬂ—xﬁ>e+m2<u+F>1,

= ._P.- —e? 2 — - = !
oo = L[ o0 bt — (1t ot 4 x (k2 — ¥ (b =)

2. We pass now to a selection of the law of variation of the function
ql(t) with respect to time, starting from the requirement that at the
instant of time t = T the gyrocompass be placed in a meridian {21].
follows from (1.9), it is necessary for this that

T
g N (T —w) g (w)du = Ry(T) (=129 (2.1)
0

where
T T T o .
R, (T)=— Aie" — B,e** cos oT + C,e" sin oT (2.2)

The interval of time (O, T) will be divided into three equal intervals
(o, tl). (tl, t)). (tz, T) and we assume ql(t) to be a step function which
has constant values along these intervals of time, These values shall be
designated by q1(0). ql(tl) and ql(tz), respectively. Relations (2.1) now
take the form

g1 (0) + Vg1 (1) + Par (t2) = Ry (T) =129 2-3)

where
t ty
o0 = g Ny (T—udu, o= g N (T —wydu, &=
0

ty

N, (T —u)du (2.4)
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Substituting into (2.4) expression (1.11), which determines the func-

carr{ing out the integration, it is possible to
ci(l), ¢y 2) in the form

c(?) = Eiml + NN + Cipx, Cgl) = Eimz + nihe + CiPa’ c§2> = Eims =+ ;s + CiPa (2.5)
where
Q=aﬁﬂ,m=5T@ﬁmwT—gﬁmmﬂ, Q=éT@ﬁmmT+qﬁmwﬂ,
my = _1_ (- e—Xl), my = _1_ (e-"'l — e_“t’), mg = __1_ (e_xt. — e_"T)
% % %
_ —ecosot + wsin oty —ety e
™ e? + ol ¢ + e? 4 of
,l=—ewum+wﬁnm,ruh_—cmum+mﬁngh_m
2 Y] + Py ke e? + w?
nw:—smuﬁﬁwmmwTéﬂr_-—wmmu+mﬁnglfw. (2.8)
e 4 o? g% + o?
__ —e¢&sin ot — 0 cos 0ty ,—et, ®
b= e+ ot ¢ + e 4 o?
— —e&sinwl; —wcosoty —et, , €8in ot + © cos v e—th
P 2 + w? € + g2 _|_ ®?
_—¢€sin w7l — wcos 0l —.T ¢sin wtg + w cos iy _—et,
Ps g2 + w2 € + X -+ w? €
From equations (2.3) we obtain
A A Ag
0)= 21 =22 tg) = =3 2.7
71 (0) 1 a1 (t) A 1 (t2) A 2.7
where
Ri(T) o ¢ R (T)
A1=| Ry(T) P @ Ag=|c® Ry(T) P (2.8)
Ry (T) Cgl) cgz) cgo) Ry (T) c§2)
D R U
Bo=| el o) Ry(T) A=fel o) o
o” e Ry(T) o o) o

Expressions (2.7) are those which determine the law, in accordance to
which g, (t) must vary in order that the gyrocompass be placed into a
meridian at the instant of time t = T,

3. As an example let us examine a gyrocompass with the following para-
meters [ 1 ].
k? = 1.5.107¢ cex?,

p=0.4, F =1.5.10"8 gec™

The latitude of the location of observation shall be taken as equal to
60°, such that
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U cos g = 3.646.107% gec™,

The time interval, during which the gyrocompass should be placed into
the meridian, is T = 1800 sec, The initial deviations are

Y1 (0) = 0.3, y2(0) =ys (0) = 0.004.
With these data the values of q,(0), g (t ), g (t) are:

[ »—_‘}
MW&\ ’\\ U UI
IANA
Yo ~3
AN [T]
) o+ ¢ sec

1800

g1 (0} = —0.612.1078, q1 (t;) = 0.0159.1078, g1 (ta) = — 0,0412.107% [sec™?]

With the value of the resultant kinetic moment H = 155000 g*cm sec,
the additional generalized external force Q(t) = — Hqi(t) will have the
following values along the intervals of time (0, tl), (tl, tz)' (tz, T3,
respectively:

Q (0} == 94.86, @ () = — 2.46, Q(t3) = 6.38 [g*cm]

The process of placing the gyrocompass into the meridian is graphically
represented by functions yl(t). yz(t). ya(t) in the figure,
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