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Some results of [1] are generalized. The use of simplified equations of
Geckeler for arbitrary motion of a gyrohorizoncompass suspension point

on the earth sphere is justified with the aid of a theorem by Erugin [2].
An analogous question applicable to a two-gyroscope vertical is also con-
sidered [3].

1. In the absence of damping the equations of perturbed motion of a
gyrohorizoncompass are [4]

d
mza%%‘-+mz%}a—mgzp—nzasine°o=o £—+—}a—m=o (1.1)
dy  2Bsine’ d
- 8+0B =0, — (2B sine°d) — mgly + misQa =0
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Here B is the kinetic moment of the gyroscope rotor; €° is some equi-
librium position for the separation angle of the gyroscopes; a is the
deviation angle for the gyrosphere axis in azimuth; P is the 1ift angle
for the north end of the gyrosphere axis above the surface tangent to
the earth sphere at the point of gyrosphere suspension; y is the gyro-
sphere rotation angle about the line north-south; § is the gyroscopes’
rotation angle about their frames, defining the perturbed location of
gyro rotor axes relative to the gyrosphere; m = P/g is the mass of the
gyrosphere (P is the weight of the gyrosphere, g the acceleration of
gravity); | is the metacentric height of the gyrosphere; R is the earth
radius; U is the earth angular velocity; ¢ is ship’s location latitude
(geocentric); vg, vy are east and north velocity components, respectively,
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of the gyrosphere suspension point relative to earth surface.
Let the ship perform maneuvers on a given latitude ¢.

We will introduce new variables x5 (j =1, 2, 3, 4) by formulas

__RUcosg

a="—""7"—"7, B=a, T=2z, &=

sin @
Simes % .2

The system (1.1) for new variables becomes [1]

dx, v2 dzxy
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dzy 2B sin qv? dz, Pl 1 (1.3)
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Koshliakov [1] suggested the substitution

v v ] .
;51=:c1cose—mxzcose—l—mz,sme—h tan a4 sin 0 (1.4)
U cos g . v2Bsing .
2 = 21 €080 4+ x5 c0s 0 — z38in 0 — 21;1 zgsin O O () = gQ (x)d%)
U v2B sin
.ga_—_-——c\‘,)—sw;zlsinﬁ+xzsin9+xscose+——ﬂ—g-x4cose 0
1 . Pl . Pl 0 0
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This substitution reduces the system (1.3) to the Schuler-Geckeler
system

dE, v dts 2B sin @v?

& “Ueosg =0  Tart pr =0 .5
dat Pl

§2+Ucoscp§1=0, T:“'ZBsinq) =0

2. Substitution (1.4) is applicable for any form of the function Q(t).
Nevertheless, [1] presents its substantiation only for a special case
when Q(t) is a perjiodic function of time. Equations (1.5), however, cap
be justified for any form of the function Q(t) by means of a theorem due
to Erugin [2].

The system (1.3) is solved in a similar way to that suggested ir [4].
Let us represent the system (1,3) in the form

@.1)
2B si d
zl)——vxg——-—s—Pllw!-Qn:O, 2+ U cos gz — Q5 = 0

a (U €oS @
dt v
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dxg 2B sin @v? d / 2B sin ¢v U cos
'Tt—+_ﬁll—x‘+9z’=o'7t(—7‘TLx‘)_vx’+ vq)Qzlzo

Introducing two complex-valued functions of t by

U cos 2B si X
1) = L 2+ iy, BB =m—i —pr i a(=V=D @2

The system (2.1) is reduced to two equations of the form

d d . .
S piv=iop, G ive= i 2.3

which yield the following equations
d d
SRR FIO—Da+p =0  FEA—p+iE+AE—m=0 (2.4

These are easily integrated. We have

t t
%+ u = Ciexp (—i S(‘V——Q)dt) R x—p:C,exp(—i g(v—|— Q)dt) (2.95)
0 0
Here Cl' C2 are arbitrary constants. The general solution of system
(2.3) is of the form

% =__1‘2__ e—ivf (Cle‘lo + Cze—w), po= _2_ e—‘wt (Clew _ czc—‘le) (2.6)

3. It follows from the solution (2.6) that the integral matrix of the
system (2.3) has the structure

1 18 e—ie

P =iz, 2=

[

KU |

— Liapunov type matrix (3.1)

It follows, therefore, that on the basis of a theorem due to Erugin
[2], the system (2.3) is reducible for any form of the function Q(t).
The substitution

" ~{0 e—{O

Ya

Y =21X, Y ()= (3.2)

s X(t):ﬂx)
i

l. 7=

£t® —
trapnsforms the system (2.3) into the system with constant coefficients

d d.
—% +ivy =0, —dy,l +ivye =0 (3.3)

Inverse transformation from the variables ¥y, Yo to the variables ¥,
u according to (3.2) is of the form

X=2ZY (3.4)
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Letting
V="t in, Ys =N+ it (3.5)
we have on the basis of (3.3) the Schuler-Geckeler system for the varji-
ables n;

From (3.2) and considering (2.2) and (3.5), we obtain the formulas for
a non-singular transformation from the variables x; to the variables ;
of the form

Ue 2B si
M= ?Qxicose+a:gsin6+xscose-——s;:;~*~q’1msin6
Ucosg . 2B sin gv
Na= — ——— @1 8in 0 + 23 €08  — 23 8in & — —p—— 2, cos 3.7
U co 2B si
M= vs‘lecosO——-msinB—zacoso——”%ﬂ*msinﬂ
U co 2B si
nm= vsq}x;sine«}—wacose——xa sin @+ s;:;@v z4c05 8

The formulas for inverse transformation from the variables n; to the

variables % are

Ucis@(ﬂxcosﬁ—ngsin8+mcose+n.sinﬂ)

Ty ==

-~ o) e

Z3= g5 (N:sin 6 + 1, cos §— s 8in 6 + ny cos 6) (3.8)

1
Z3== 5 (M1 6088 — N3 5in 6 — 13 cos 6 — n¢sin B)

1 Pl
ma-fm(-— 11 8in 0 — 1y c0s 8 — 13 8in 8 - ng cos §)

4. The preceding theory is applicable virtually without any alteration
to the equations of a two-gyroscope vertical as well, given in [3]:

d d d|
mav-5-+ma—£—a—mgaﬁ+ﬂ2ﬂcos8‘6-—=0 —£—+ % a—Qy =0
ad 2B cos §* d
%_W6+ QB =0, ar (2B cos 0*8) + mgar —mavfly =0 4.1

Function 0*(t) satisfies the condition

6 (1) = sin~! %_;f_

The remaining notation in system (4.1) 18 the same as in (1.1), with
s having the same meaning as [l. Let us introduce new variables 2 by
formulas

cos @

B == 23, T = 23, d= -608—6.— 2 (4.2)

RU cos @
Q= I,
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The system (4.1) will become

4.3)
dz V3 dz. 2B cos gv?
i~ TeesgatMn=0, G —F T utan=0 2By
v
dz, Pa i (A"_ Pal7 )

Z
# + U cos @z, — Q2= 10, —3;—-{«

FiBcos g 7y ¥ =0

With analogous reasoning as above, one can show that by means of the
non-singular substitution

08 @

y = 5 zwos&-{-z.sine—{-z,cose+2£%ﬂs.sin0

La= -—U c,f:mpnsin0+ 230080 — 23 sin6+2£e—;%ﬂ—ncose (4.4)
ts = U0,38(pzlcose-—x.sinﬁ——z,cosﬁ-}-zg%-:;ﬂ Z¢sin 6
L= chsq’zlsinﬂ-{—zscose—z;sine—g—zi%:gxz;cosﬁ

the system (4.3) is reducible for any form of the function Q(t) to the
Schuler-Geckeler systenm

&m0, Biv=o Bow-o B0 @

The formulas for inverse transformation from the variables §j to the
variables z . are

J
1
A .2—Ucos<p(‘:1c°se {asin 6 - £y cos 6 4 L4 sin B)
1
23 =5 (£15in 8 4 L3c08 6 — Lssin & 4 §( cos 6)
1
%3 = 5 (£1¢030 ~— £38in 8 — L3 cos 0 — Lysin 6) (4.6)
1 Pa . .
=3 538 cos ¢ (o280 0 + s ¢08 0+ L3 5in 0 — L cos 6)
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