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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 vibrations 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 vj.brations, are of the following form 

[ll: Aa-+ Hy*+ ffu COSQZ = 0 

R3** - Ha. -j- ZPp + IP (1 - p) 8 = HU sin ‘p + Q (t) (I.11 

8*+F8-iF~-O 

Xere a is the angle of rotation of the gyrocompass in the aximuth, @ 

is the angle of elevation of the Northern diameter of the gyrosphere 

above the horizontal plane, 6 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, A 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, (p 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 

1370 



The accelerated placing of a gyroscopic corrpass in a Meridian 1371 

is to be determined. Limiting ourselves to the study of the precessional 
motion of the gyrocompass, we omit the inertia terms Aa” and B@” in 
equation (1.1). Equation (1.1) then is reduced to the form: 

k2 

yl-- UcosqJ 
k2 

y2- u cos(p 
(1 -p) ys = R(t) (1.2) 

where 

y1=a, Yz=P- 
HU sin ‘p 

Y3=a+ 
HU sin 9 

, k2 = 
1PU cos ‘p Q (t) 

plP ’ PlP 
H , q1 (t) = - F 

The characteristic determinant of the system of equations (1.3) is of 
the form 

A (D) = 1)s + FD2 + k2D + pk2F (1.4) 

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

O<p<l (1.5) 

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

A (D) = 0 (1.6) 

has a real root Di and two complex conjugate roots LIZ, D7. Designating 
these roots by 

we will have 
DI = x, D2, &=E& io (1.7) 

A(D)=(D--)(D--a--ii~)(D--E+~o) (1.8) 

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

yi (t) = A,eXf + Bieaf cos ot - Cie6* sin wt + 
s 

No, (t - u) q1 (u) du (i =: 1,2,3) (1.g) 

0 

Here 

A, = ‘ir?Jl (O) + aiaYS (O) + a&#8 (O) 

B,= ~*~~l(o) + ~*~y~(o) +$$kato) (MO) 

'izci,Yl(0) +cj,#%(o) + c@YS(o) 

N,, 0 - u) = aile ‘(tWY) + biIe’(t--u) 00s w (t - u) - ciler(t-u) sin w (t - u) (1.11) 

and the coefficients aij, b. ., 
rJ ‘ij are determined by the expressions 
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48 = tc $&U--P)%, ao8=-PA2(4--p), 

ZJrr = P [a* + 09, % (F + 241, bal= p (x + F) u cos cp, 

asI = pFU cos ‘p (1.12) 

as2 = - pxF 

ass = p (%” + k2) 

bs, = --)*FU cos ‘p 

ha = - P &(x + P0 bza = P [a” + aa - % (F + 2~)], bsn = p*xF 

b,s = - px &$1-P)* baa = PA2 (1 - p), bss = p (LJ + 02 - k* - 2~) 

Cl1 = - )r [ES + (F -x) 3 + 
0 

( o2 - XF) E + wa (x + F)] 

Cl% = - -E o +&-$(c-%)(~+PF)+o’], cas= +k~(l-p)(E-X) 

Cl8 = - $- & (1 -P) ]a (e - %) + (Pal, car = - L o (E-%)FUCOS9 

Cal= ~UcOSrp[(e-%)(~+F)+~~], 
CL32 = -$[EF(E-XX) + o2F] 

c22 = - + [Es + (F--x)='+ (o2-xF)c + 02(x + F)], 

cas = -p-G+%& (ka + O‘J) E +x (P - UP)] 
( 

1 
p = (x - E)* + 02 1 

2. We pass now to a selection of the law of variation of the function 

PI(t) with respect to time, starting from the requirement that at the 

instant of time t = T the gyrocompass be placed in a meridian [ 2 1. As 

follows from (1.9). it is necessary for this that 

T 

s 
Nil (T - U) q1 (u) du = Ri (T) (i=1.2.3) (2.1) 

where 0 

Ri (T) = - AtexT - BieeT cos oT + CiefT sin oT (2.2) 

The interval of time (0, T) will be divided into three equal intervals 

(0, + 01, f*), (t2, ‘l’) 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 q,(O), ql( tl) and q,(t,), respectively. Relations (2.1) now 

take the form 

ci(O)qr (0) + Ci’)qr (Q + C$‘)ql (ts) = Ri (T) (i = 1.23) (2.3) 

where 

cf" = 'I Nil (T - u) du, 
ta T 

s 
,!I) = N,(T-u)du, 1 

s 
cc2) = 

s 
Ni, (T - u) du (2.4) 

0 t1 fz 
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Substituting into (2.4) expression (l.ll), which determines the 

out the integration, it is possible 

in the form 

func- 

to 

c(P) = S..ml + q.nl + 5.~~ z 1 1 C(l) = Simz + rlin2 + CiPZr ci 1' 1 (') = Ep8 + ?in8 f &PS 

where 

(2.5) 

ti = aileYT, qi = CT (bi, cos oT - cil sin UT), ci = I?* (bi, sin cuT + cil co9 UT), 

ml = $ (1 _ e-Xt~ ), m2 = & (e--xf1 - emXt8), mS = + (emxtn - eSXT) 

n1 = - E cos otl + 0 sin wtl e-ctI 
aa+ w2 - 

+ = 
es + oa 

na = -scosutp+ osinot2 ,--t, _ - 
ca + Ua - 

E cos otl + 0 sin O)tl e-;tI 
a2 + wa 

n3 = - 
E co9 oT + 0 sin g e--sr - - c cos or2 + 0 sin Otp C-~t, 

ca + 02 Ea + 02 
(2.6) 

PI = 
- E sin utl - 0 cos at1 e-~tl 

- ca + 02 
+ o 

c2 + oa 

Pa = 
- E sin 012 - 0 cos Wta ,-~t, 

+ 
c sin otl + w cos otl e-~t, 

aa+ we c2 + 02 

Ps = -csinwT-wcosc e-_tr 
+ 

c sin Wtp + w COS wtp e--rt8 

Eg + 02 E2 + 02 

From equations (2.3) we obtain 

q1 (0) L= LL ) 
A 

Ql 01) = + , Ql 02) = A+ (2.7) 

where 

I?1 (T) cp cy 
AI = Ra (T) cP) cF) 

Rs (T) cg, (2) 02 

(0) 
Ci 

(1) 
5 RI 6’7 

A3 = c;’ CF) Ra (T) 

cy c?) R,;(T) 

cp RI (T) cy 
ha= c?) Ha(T) (2) C, 

c$") Rs (T) cp) 

c?’ c(11) CP) 

A = Cp’ Cp’ c?) 

CIp' cp cp 

(2.8) 

Expressions (2.7) are those which determine the law, in accordance to 

which q1 (t) must vary in order that the gyrocompass be placed into a 

meridian at the instant of time t = 7’. 

3. As an example let us examine a gyrocompass with the following para- 

meters [ 1 1. 
k2 = 1.5. IO-6 ceK_2, p = 0.4, F = 1.5.10-8 set-1 

The latitude of the location of observation shall be taken as equal to 
60°, such that 
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U COS Q = 3.646~ 10-j ssc-l. 

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, $/a (0) =ys (0) = 0.004, 

With these data the values of q1 (O), q (t 1, p (t ) are: 

q1 (0) = - 0.612~10’3, q1 (h) = 0.0159~10-~, q1 (h) = -0.0412~10-s [sed’] 

With the value of the resultant kinetic moment H = 155000 g*cm set, 

the additional generalized external force O(t) = - Hql( t) will have the 
following values along the intervals of time (0. t,), (tl, till, (t,, T), 
respectively: 

Q (0) = 94.86, Q (tl) = - 2.46, Q (tr) = 6% [g*m] 

The process of placing the gyrocompass into the meridian is graphically 
represented by functions yi (t), y2 (t), y3( t) in the figure. 
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