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Consider gyroscopic system with two degrees of freedom
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where 
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The instability degree is equal to two, hence the gyroscopic stabilization is possible. For convenience, we will introduce the dimensionless time 
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 and after transformations, one obtains
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where 
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 and dash denotes the differentiation with respect to 
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The condition of gyroscopic stabilization is
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If this condition is fulfilled, then the characteristic equation
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has two pairs of pure imaginary roots 
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In case of addition of dissipative forces which possess complete dissipation,  gyroscopic stabilization collapses [1]. This conclusion retains at non-linear dissipative forces. 


For stabilization of the linear gyroscopic system (1.1) up to the asymptotic stability it is necessary to adjoin non-linear dissipative and non-conservative positional forces simultaneously.

Further, we will consider the next non-linear system
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Here 
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 are positive constants and terms which with these multipliers present non-linear dissipative forces. Terms with multipliers 
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 present non-linear positional forces. Linear posing of stabilization problem by means of linear dissipative and non-conservative positional forces which are characterized by constant skew symmetric matrix is simple and is not considered here.
Linear gyroscopic system (1.2) is hamiltonian with Hamilton function 
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where 
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Linear normalization is reduced to the transformation of Hamilton function (1.5) to the canonical form. This transformation has the form
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where
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After transformation (1.6) original system (2.4) takes the form
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where
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In expressions (1.8) it is necessary to substitute (1.6) and take into account formulae
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We introduce complex conjugate variables instead of variables 
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 by the next formulae
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After transformation (1.9) the system (1.7) takes the form
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The equations for complex conjugate variables are omitted here. 


After linear normalization, we will do non-linear normalization by the formulae

                                                                  
[image: image27.wmf]3

(,),1,2.

kk

zuZuuk

=+=

                               (1.11)

where 
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 - is homogeneous form of the third order.

In the absence of the resonance 
[image: image29.wmf]12

3

ww

=

, one can annihilate by means of the transformation (1.11) all terms in system (1.10) except of the identity resonance terms. Normal form up to the third order terms has the form
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Coefficients 
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 in the system (1.12) are equal to 
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We stress, that for stability the principal role real parts of the coefficients 
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Consider some particular cases.

1.  Let 
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Coefficients 
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These coefficients 
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 are negative if the next inequalities are fulfilled
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where


[image: image50.wmf]2231422

2221

1

22

2

2231422

1112

2

22

1

3()()

,

4()

3()()

.

4()

g

a

g

g

a

g

wwmmwwm

wm

wwmmwwm

wm

-

-

éù

+++

ëû

=

+

éù

+++

ëû

=

+


It is easy to check, that
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 and hence, original system (1.4) is unstable [3]. Negativity of 
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Coefficients 
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In the intervals 
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In these cases for the system (1.12) positive definite Lyapunov function exists with negative derivative. Main conclusion: if the inequality (1.14) is fulfilled, then the truncated system (1.12) is asymptotically stable. This result is valid not only for system (1.12), but for the original system (1.4) [3,4]. 

2.  Let 
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In this case one obtains
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Coefficients 
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 are negative if the next inequalities are valid 
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where
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Inequalities (1.15) are noncontradictory, if 
[image: image72.wmf]2

2

(12)

2

g

m

m

-

>

.

Since the condition of the gyroscopic stabilization is the inequality 
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Signs of the coefficients 
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 and 
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respectively. As before, system (1.12) is asymptotically stable and this result spreads to the original system (1.4).
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Coefficients 
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 and 
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 are negative if the inequalities which are presented below take place
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Outside of domain (1.16) system (1.4) is unstable. Inequalities (1.16) are not inconsistent if gyroscopic parameter 
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Hence, the value of parameter 
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 must be chosen as 
[image: image97.wmf]2

2

(21)

max,12(1)

2(1)

g

m

mm

m

ìü

-

>+-

íý

-

îþ

.

In the intervals of the axis 
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 signs of the coefficients  
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Hence, if the inequalities (1.16) are realized, then the system (1.12) is symptotically stable, and this statement spreads to the original system (1.4). 
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