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ABSTRACT
The research refers to the free vibrations of non-homogeneous elastic plates and shells weakened with holes. The purpose of the study is to analyze the effect of shape, area, position, number and proportions of the holes on free vibrations of rectangular plates and cylindrical shells with different boundary conditions.
The most important and interesting is the effect of the area of a hole on natural frequencies and modes of free vibrations. The cut-out affects both the stiffness and the mass of a solid that may cause either increase or decrease frequencies. For rectangular plates, in general, increasing of the cut-out area provides insignificant increasing of the natural frequencies. But there are detected some modes of the square plate with the single central cutout that corresponding natural frequencies considerably go up or down with the area of the hole. The results obtained with Finite Element Method by ANSYS package are compared with those obtained by the Bubnov-Galerkin method. The values of the natural frequencies appear to be very sensitive to proportion of the hole of constant area for different boundary conditions on lateral sides and not very sensitive to the shape and position of the hole.
As it is well known the natural frequencies for shells of revolutions, in particularly, circular cylindrical shells are asymptotically doubled since the modes are the functions of either sine or cosine of the angle in circumferential direction. The appearance of a hole in the shell leads to bifurcation of the values of the natural frequencies. The influence of the area of the hole and the ratio of its sides on the natural frequencies and free vibrations modes is examined. The cutout area increasing causes decreasing the main natural frequency and maximum effect is observed for simplest mode (with minimum wave numbers). The most interesting is the effect of the multiple holes (perforation) when so-called “resonance” modes are revealed. Indeed, if the wave number in circumferential direction is divisible by number of holes one of the doubled natural frequencies significantly decreases and other frequency increases.
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