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Experimental-theoretical studies have been conducted on the

influence of nonlinearities on flexible structures in the presence of

either an external or a parametric excitation.

A single-degree-of-freedom system with quadratic and cubic
nonlinearities under the influence of a harmonic parametric excitation

was studied using the method of multiple scales and digital- and analog-
computer simulations. A global bifurcation diagram was obtained showing
the different possible attractors (point, limit cycle, chaotic
attractors). For small excitation amplitudes, the perturbation results

are in excellent agreement with the digital- and analog-computer
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Experiments were conducted on a two-degree-of-freedom mechanical ~ %
o

model consisting of two Tight beams and two concentrated masses to

ascertain the influence of autoparametric (internal) resonances. The
positions of the masses of the model were adjusted so that its natural

frequencies were in the ratio of two-to-one.

When the lower mode was
excited by a primary excitation, ranges of the excitation frequency were




-

found for which steady-state periodic responses do not exist. Instead,
the responses were amplitude- and phase-modulated motions, which can be

chaotic, in agreement with the theory.

II. Research Objectives

The proposed study is a theoretical and experimental investigation
into the influence of nonlinearities on flexible structures in the
presence of multifrequency parametric and external excitations having
independent frequencies and phases and arbitrary amplitudes. The
nonlinearites and excitations may appear in the governing equations, or
the boundary conditions, or both. The study will focus on resonance
conditions that may produce large and possibly damaging motions.

Special attention will be given to modal coupling and exchanges of
energy. We will classify the important resonances and their
interactions, devise experiments illustrating the phenomena, and suggest

controls for reducing large-amplitude responses.

III. Status of the Research

The vibration research laboratory has been upgraded to conduct both
analog and mechanical experiments for ascertaining the influence of
nonlinearities on the response of flexible structures to single-and-
multi-frequency external and parametric excitations. Mechanical models

have been built and tested.
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The analog-computer setup proved indispensible for determining the
various attractors and their domains of attraction. Experiments have
already been conducted to determine the influence of quadratic
nonlinearities on the response of single-degree-of-freedom systems to
parametric excitations. The quadratic nonlinearity has been found to
increase the number and complexity of the possible attractors. Systems
with quadratic nonlinearities have been found to be more susceptible to
chaos than systems with cubic nonlinearities. Systems with two degrees
of freedom will be studied.

A two-degree-of-freedom mechanical model has been tested by shaking
it with a primary excitation. The frequencies of the model were
adjusted to be in the ratio of two-to-one. The autoparametric resonance
has been found to produce complicated responses, including chaotic
motions. Consequently, it appears that autoparametric resonances need
to be avoided in the design of flexible structures. Experiments will be
conducted using this model by shaking it with the following
excitations: (a) primary resonance of the second mode, (b)
subharmonic resonance of the second mode, (c) combination resonance of

both modes, and (d) parametric resonance of either mode.
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