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Nonlinear Free Vibrations of Clamped Beams
with Two Symmetric Steps

by

Hidenori Sato

Abstract

The nonlinear characteristics of the large-amplitude free vibrations of the clamped:
-clamped beams with two symmetric steps are studied.

Galerkin’s method (one mode approximation) and the harmonic balance method
(fundamental harmonic approximation) are used to obtain the solution. The beams with two
different shapes, circular cross sections and constant-width rectangular ones, are considered.
The effects of the diameter ratio or the thickness one between two sections and of the length
ratio (the ratio of the length of middle element and the total length) on the nonlinearity are
investigated under the restrictions that the weight and length of the beams are constant and
the following results are mainly obtained. The nonlinearity of the stepped beams treated here
is mostly greater than that of uniform ones. With the increase of the diameter ratio or the
thickness one, the maximum value of the magnitude of the nonlinearity due to the change of
the length ratio increases and also the length ratio corresponding to the maximum value
approaches about 0.5.

The linear natural frequencies and the maximum bending stresses at a maximum
displacement are also discussed in connection with the nonlinearity.
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