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Stability and instability of periodic
solutions of nonlinear systems
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Stabilization frequency for the pendulum
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A swing — simplest model for parametric resonance

Nonlinear system -
a pendulum of variable length:
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Instability regions for the swing
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Projections of instability regions
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Instability of a system with periodically
varying moment of inertia
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Instability regions

Parametric resonance: Half-cone
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Regions of parametric resonance: general case

Vibrational system (@€R") | 1) Main resonances:

Mg +yDg+(P+6B(Q¢))q=0 Q~2m, 1k

2) Sum and difference type
of resonances: Q~ (o, t®,)/k

Parameters: For B(t)=¢()B, or B=B’

resonance regions are halves of
cones

M>0,D>0,P>0,B(t)=B(t+T)

£ and § - frequency and amplitude
of parametric excitation

Two important cases: Half-cones in three-
a) symmetric matrix B(z) =B'(r) dimensional parameter
b) B(r) = B,¢(z), B, - constant matrix space p = (5,7,Q)

2
Ny T ES + 4k2L12(AQ+ "ié) <0
(77j +7,) k

Coefficients

Ly VN,
T T _akak+bkbk
ﬂ]_ujDu]! n[_u]Du[! f-f——

¥ >0 -damping parameter 4o,
(0 and y - small parameters) 1= 1% )
al :—IUIB(r)u,COSkrdr, bl == J.UJT.B(T)U]SIndeT

Free vibrations (6= y=0): Ty Ty

. , ®, tw w.al *wal
W, ..., O, - eigenfrequencies AQ=Q_ 17! o, = 0 —™i"o
Uy, ..., U, -eigenmodes k B 4o, 0,

Applications Bolotin’s problem (1956)

Stability region and
approximation of the

singularity (dihedral angle)

Parametric
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Analytical expression for resonance regions:
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