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In the middle of the last century Ziegler [1] studying the stability of a double
pendulum loaded by a follower force came to the unexpected conclusion that the
critical load of the non-conservative system with vanishingly small dissipation is
considerably lower than in the case when dissipation is completely absent. The
analytical description of this phenomenon called the destabilization paradox was rec-
ognized as one of the main theoretical challenges in the non-conservative stability
theory [2] and attracted much attention in the world literature [3, 4]. However, the
questions provoked by the destabilization paradox have not yet been answered in
the general form. In the present paper a new theory qualitatively and quantitatively
describing the paradoxical behavior of general non-conservative systems due to small
dissipative and gyroscopic forces is developed. The problem is investigated by the
approach based on the multiparameter sensitivity analysis of multiple eigenvalues.
The behavior of eigenvalues of the system in the complex plane is analytically de-
scribed and interpreted. Approximations of the stabilization domain in the space
of the system parameters are obtained. An explicit asymptotic expression for the
critical load as function of dissipation and gyroscopic parameters allowing to cal-
culate a jump in the critical load is derived. The classical problems by Ziegler [1]
and Herrmann and Jong [3] considered as mechanical applications demonstrate the

efficiency of the theory.



The work is supported by the research grants REBR-NNSFC 02-01-39004, RFBR.
03-01-00161, and CRDF-BRHE Y1-MP-06-19.

References

[1] Ziegler, H. 1952. Die Stabilitdtskriterien der Elastomechanik. Ingenieur-
Archiv. 20. P. 49-56.

[2] Bolotin V.V. 1963. Non-conservative Problems of the Theory of Elastic Sta-
bility. Pergamon Press: Oxford.

[3] Seyranian A.P. 1990. Destabilization paradox in stability problems of non-
conservative systems. Advances in Mechanics. 13(2). P. 89-124.

[4] Bloch A.M., Krishnaprasad P.S., Marsden J.E., Ratiu T.S. 1994. Dissipation
induced instabilities. Annales de I’Institut Henri Poincaré. 11(1). P. 37-90.

[5] Kirillov O.N. How do small velocity-dependent forces (de)stabilize a non-
conservative system? DCAMM Report. No. 681. April 2003. 40 pages.



