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Abstract A Timoshenko beam excited by a sequence of identical moving masses is studied as a time-varying
problem. The effects of centripetal and Coriolis accelerations besides the vertical component of acceleration
of the moving mass are considered. Using Galerkin procedure, the partial differential equations of motion
which are derived by Hamilton’s principle are transformed to ordinary differential equations. The incremental
harmonic balance method is implemented to determine the boundary curve of instability and other companion
curves of resonance in the parameter plane. A new approach for identifying the conditions of resonance is
investigated by presenting an intuitive definition of resonance for time-varying systems. The influence of
employing different deformation theories on the critical parameter values of stability and resonance curves is
studied. The validity of the instability and resonance curves is examined by numerical simulations and also
ascertained through comparing with those reported in the literature.

1 Introduction

A wide variety of mechanical and physical systems can be modeled as linear time-varying (LTV) systems.
Time dependency is the result of a parameter change in the system which may arise from prescribed motion, for
instance in a pendulum with moving support, or variations in the system’s properties such as transported mass
in conveyor systems, or damping properties of rain–wind-induced vibrations [1–3]. The equation of motion
of a LTV vibrating system can be described by a set of second-order differential equations with time-varying
coefficients. These time-dependent coefficients can play the role of excitation for the system. In contrast to
forced excitations which rely on external sources of energy, parametric excitation appears as an internal factor
that induces self-energizing vibrations. Parametric resonance occurs when the frequency of excitation is close
to twice one of the natural frequencies of the system. This effect is different from regular resonance because
it exhibits the instability phenomenon [4].

Although obeying the superposition principle, like linear systems with constant parameters, there is no
closed-form solution for LTV systems. However, for a class of LTV systems comprising periodically varying
parameters, useful properties can still be extracted. Typical examples of periodic systems may include a column
under the influence of a periodic axial load, a pendulum with periodic prescribed support acceleration, a cam-
follower system, or a beam excited by a sequence of moving particles. The dynamic stability of such periodic
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