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We study mathematical models of non-linear vibrations of shallow axially 

symmetric shells taking into account the Karman geometric nonlinearity. Non-linear 

PDEs governing shell evolution are reduced to the associated Cauchy problem via the 

FDM (Finite Difference Method) of the second order approximation. The obtained 

ODEs are then solved using the Runge-Kutta method of the fourth and sixth orders. 

We analyze reliability and validity of the obtained numerical results versus 

space and time co-ordinates partition. Bifurcation phenomena, chaotic dynamics 

and scenarios of transition from the regular dynamics to chaotic one are studied tak-

ing into account the transversal uniform harmonic load action. 

This study was carried out within the frame of qualitative analysis of differential 

equations and it required monitoring of time histories, phase and modal portraits, au-

tocorrelation functions, as well as the Lyapunov exponents. Fast Fourier Transform 

(FFT) is applied to detect the Feigenbaum period doubling scenario, when the studied 

shell is transited from its regular to chaotic dynamics. The numerically obtained 

Feigenbaum constants differ by less than 2% with respect to the exact values. 

In addition, we applied the wavelet analysis using the following basic wave-

lets: Daubechies, Haar, Gauss1-Gauss8, Mexican hat and the Morlet wavelets. It has 

been shown that the Morlet wavelets are most suitable for our analysis. They allow 

us to monitor and illustrate temporal changes of frequencies including their birth 

and death, which cannot be achieved by the FFT, although the latter method offers 

monitoring up to the eighth Hopf bifurcation. We have observed that the Haar 

wavelets are particularly suitable to study shell vibrations with a low frequency 

spectrum. We illustrate and discuss the application of the so far mentioned different 

wavelets depending on the type of time histories. 
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