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Problems

Kharkov, Ukraine Geometrically nonlinear vibrations of circular plate with two cutouts are
simulated by the von Karman equations with respect to displacements.
R-functions are applied to obtain the vibrations modes of this plate.
The nonlinear vibrations of the plate are expanded using these
vibrations modes. The nonlinear dynamical system with three degree-
of-freedom is derived by the Galerkin method. This system is studied
by the multiple scales method.

The circular plate with two cutouts (Fig.1) is considered. It is assumed, that the deformations-
displacements relations are nonlinear and strains-deformations relations are linear. Vibrations are
treated in cylindrical coordinates (r,e,z). Then the displacements of the plates material points along

(r,0, z) are denoted by U, ,u,,u,, respectively.
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Fig.1 Circular plate with two cutouts

The Galerkin method is used to discretize the equations of plate vibrations. Then the nonlinear
vibrations of plates with cutouts are expanded using eigenmodes of linear vibrations. The Rayleigh-
Ritz method is used to obtain eigenmodes of vibrations. In order to satisfy the boundary conditions,
the equation of the plate boundary (Fig.1) is obtained analytically. The R- function method is used to
construct analytically this boundary.

The eigenmodes of circular plate with two cutouts can be presented in the following form:

u,(r,0) = a)z(r,e)zm:[z,ﬂ°’(r)cos(k0)+ {9 (r)sin(ko)]:
k=0
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0,(r.0) = (r,0) [0 (r)cos(ko) + 9 (rysin(ko)];

k=0

u(r,0)= w(r,e)zm:[R§°>(r)cos(k9)+ RO (r)sin(ke)].
k=0

The nonlinear dynamics of plate is described by three degree-of-freedom nonlinear dynamical
system, which can be presented in the following form:

3 3 3 o
qk + plqu = Zzzeiﬁ?qiq qﬂ; k=13

i=1 1=l u=1

The multiple scales method is used to study this system.
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Fig.2 The backbone curves of two conjugate modes

As a result of calculations the backbone curve of traveling waves is shown on Fig.2. The
complete analysis of this problem is published in the paper [1].
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