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Abstract

The thin walled straight/curved beams and circular/noncircular cylindrical shells
undergoing vibrations with amplitude of the order of their thickness or greater depict a
significant effect of geometric nonlinearity involving traveling wave response, external
resonances at forcing frequencies away from linear free vibration frequencies, internal
resonance, participation of sub-or super-harmonics, quasi periodic and chaotic responses
among the other nonlinear vibration characteristics. The experimental investigations on
the nonlinear vibration of structures are important to validate their numerical prediction
and to explore new phenomena/modal interactions.

The thesis deals with the nonlinear vibration of inextensional cantilever beams
with accurate representation of curvature/inertia nonlinearities/spatial discretization,
response of curved beams under symmetric/anti-symmetric excitation, experimental
study of large amplitude vibrations of cantilever circular cylindrical shells and
investigation of travelling wave response, and the study on the nonlinear response of
elliptical cylindrical shell under harmonic excitation through experiments.

An experimental set-up involving non-contact harmonic excitation of
beams/shells, acceleration measurement and data processing system is employed for the
nonlinear vibration study of cantilever, curved beams, circular and noncircular cylindrical
shells made up of aluminum. The nature of traveling wave response in cylindrical shells
is investigated using a series of accelerometers along the circumference/high speed
cameras. The periodic response of inextensible straight cantilever beams and curved
beams is also investigated numerically using finite element and shooting technique

coupled with the Newmark’s direct time integration and arc length continuation.



The nonlinear response of cantilever beams depicts mild hardening for the first
mode and the increasing degree of softening nonlinearity for second/higher modes. The
third order approximation of nonlinear inertia/curvature terms leads to smaller hardening
and softening for first and second/third modes, respectively. The single mode
approximation of transverse displacement leads to significantly greater degree of
hardening for first mode, smaller degree of softening for second and greater degree of
softening nonlinearity for fourth mode compared to more accurate solution. The coupled
mode response involving symmetric and anti-symmetric modes is observed for the direct
excitation of both symmetric and anti-symmetric modes of fixed-fixed curved beams.

The cantilever circular cylindrical shell depicts increasing degree of softening
nonlinearity for excitation in the neighbourhood of modes with increasing number of
circumferential waves, and the travelling wave response is observed for modes with
circumferential wave number equal to 3 and 5.

The elliptical cylindrical shell depicts softening nonlinearity, travelling waves
over part of the circumference or along the full circumference with/without variable
amplitude depending upon the forcing frequency. The participation of different modes
involving 1:1, 2:1, 3:1 external, 1:1, 1:2, 2:3 internal resonances and the presence of
harmonics including multiples of 1/2, 1/3 are reported. For the excitation of the elliptical
cylindrical shell between semi minor and major axes, the response is found to be

predominantly travelling wave type for a greater range of excitation frequency.
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