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1. Problem Statement. Basic Equations. Let dynamically symmetric rigid bodies S| and §', be connected at point O,
by anelasticrestoring spherical joint L, =k, s, x¢, / (| sille, |), k, = 0. The rigid body §, has an axially symmetric cavity tthat
is fully filled with an ideal incompressible fluid of density p. The elastic restoring spherical joint L, =k,vx s,/|s,| k; = Oacts on
the body §, at a fixed point O,. The rigid body §; (i=1,2)is under the force of gravity, dissipative torque M. =D, w_,
D, =diag(D;,.D, ,D.; ) D;'j >0 i=12 j=13 which simulates a resisting medium, and a constant torque M:'q =Qie§
directed along the axis of symmetry of the rigid body §; and sustains its uniform rotation. Here, w;is the angular velocity of the

— —
rigid body §;. s, =0,0, §,, ¢; =0,C;, m, and C, are the mass and the center of mass of the body §;, v=—g f|g
vector of acceleration of gravity, g =|g|(Fig. 1).

, g is the

Fig. 1

(J, o, +N) +m251x(mlx 5|+, xec, ) =(mlcl+mzsl)gx v+L ~L, +M1q -D,w,,

(Jy @y ) +mye, X(ml X 8§+, xcz) =m,c,gxv+L, +M2q ~D,m,.




2. Stabilization Conditions for the Unstable Uniform Rotation of a Lagrange Gyroscope Filled with an Ideal Fluid

Sp +i(@0 = A)Sy + (1 +iwg ) e, [NE =0 (n=12,..)  (2)

A{771+(i61+D11)71+ﬂ772 +Zen3;] = (9 —k —ky)n (3)

n=1
Aoy +(ICy + Dy )7y + iy = (3,9 —K3)7; (4)
2
Foul
g =0 (5)
Ul F,
where
Fy = AAZ + (G, + Dy)A— 8,9 +ky +ky — A2(i2— ) S —1n
nzlm_/ln

F,=AA2+(GC, +Dy)A-a,0+k, 1,=(1-A4)ay A, =2/k, Ej=—12




If n=1 then Eq. (5) becomes

a1 +(a, +ib, ) A% +(a, +iby) A° + (&, +ib,) A* + (& +ib ) A + &, +ib, =0 (6)
Here:

as=AA -1’ =(A-E)A +Asm,>0,b =0

a,=AD,+AD, b, =C/A +C,A +(AA - 1°)/,

a,=D,D,-CC, +(k, —a,9) A +(k, +k, —a,g) A, — (C,A, + C,A) 4,

b,=C,D,+C/D, +(AD, + AD) 1, (7)
&, =(k, —2,9)D, +(k +k, —a,g)D, - (C,D, +C,D,) 4,

b, =C, (k +k, —a,g)+C,(k, —azg)+[D1D2 ~-CC, +A(k, —a,0)+ A (k +k, —aig)]ﬁl,

=(k, +k, —a,9)(k, —azg)—[(k2 -,9)C, +(k +k, —alg)éz]il,

k, —a,9)D, +(k, +k,—a,g)D, |4,

by =(k +k, —a,9)(k, —a,9) 4.
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For all the zeros of EQ. (6) to be on the open left half-plane,

according to the Lienard—Chipart criterion in inner form, it is
necessary and sufficient that the ninth-order matrix composed of
the coefficients of polynomial (6) be inner-positive, that is, the
matrices A, A3, Ac, A, and Ag be positive definite:

I, =|A,|=a,= AD,+ AD, >0 (8)
s _b4 —d,

L,=|A)={0 &, -b|>0 (9)
a, —b, &

(10)
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Since I; > 0, the asymptotic stability of uniform rotations in a
resisting medium of two Lagrange gyroscopes, one filled with

a fluid, 1s determined by four inequalities. (9)-(12)

'I:he stabilization conditions for the kinetic momentum
C, = C,wy, has the form:

| C:+1C +1_ >0

1,Cl+1.C3+..+1.C,+1,>0 (13)
| C'+1C+..+1C +1 >0

Q
_I_
—_

[ C'+IC+..+1C + IQO)(kl—alg)(kz—azg)>O.
Here )
| =Dg. | =1.D(f+h) I =1 DJfh
| =1.D'A'f'"h 9,=A’D,+u'D >0 (14)

f =k +k —ag;h = Ei(i—a) ) EAw (A -1)




Let us find the conditions for the elasticity coefficients k, and
k, and the eigenvalues A, at which inequalities (13) hold

at a rather high angular velocitywys,.
From (14) it follows that the coefficients Iz,, I,¢, Io¢ are positive if

k +k >ag
A >1 (15)
k >ag

Hence, If inequalities (15) hold, the greatest coefficients in the
system of Inequalities (13) are positive, and It Is possible to
stabilize the unstable rotation of the original Lagrange
gyroscope filled with ideal fluid if the angular velocity

IS rather high w,




In the case of an ellipsoidal cavity, we have A, = 2/(1 + p4),
Where a, c are Its semi-axes, and c Is the semi-axis directed along
the axis of rotation. In this case, it follows from inequality (15) that
¢ < a and the ellipsoidal cavity is compressed along the axis of
rotation.

3. Conclusion

The possibility of stabilization of unstable uniform rotation in
a medium-high with resistance of a "sleeping" Lagrangian
gyroscope with an ideal fluid by means of a second rotating
gyroscope Is considered. It is shown that stabilization will be
Impossible in the absence of elasticity in the general joint and
he coincidence of the center of mass of the second gyroscope
ith this joint.




On the basis of the Ljenar-Schipar criterion written in innor form
stabilization conditions are obtained in the form of a system of fou
Inequalities, corresponding to the kinetic moment of the second
gyroscope. Conditions were found for the coefficients of elasticity
of hinges and the first tone of oscillation of an ideal fluid under
which the older coefficients of these inequalities are positive. Using
the example of a compressed ellipsoidal cavity, it is shown that
stabilization will always be possible with a sufficiently large angular
velocity of rotation of the second gyroscope. A comparison of cases
of presence and absence of dissipation was made. It is shown that In
the absence of dissipation, the ellipsoidal cavity can be not only
ompressed, but also stretched. This is the fundamental difference In
hese two cases.
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