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RESPONSE OF NON-LINEAR NON-STATIONARY SYSTEMS
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The study involves an approximate analysis of non-linear, non-stationary vibrational
systems subjected to an arbitrary pulse excitation. The non-stationary system parameters,
which may include masses, restoring forces, material properties or damping, are considered
to be slowly varying functions of time. A general procedure for obtaining the first and the
second order approximate solutions is presented through an application ofthe Bogoliubov-
Mitropolsky technique. Illustrative examples are included and the results are compared
with fourth-order Runge-Kutta numerical solutions.

1. INTRODUCTION

The investigation of non-linear vibrational systems is of fundamental importance in many
areas of mechanics and engineering design. An important class of these systems are those
with time dependent parameters, better known as non-stationary systems. Often such
systems are subjected to various types of pulse loading and the analysis of the transient
behavior may be extremely important for the purpose of design.

In the past, several authors have investigated the response of non-linear systems
subjected to a pulse excitation. Bapat and Srinivasan [1,2] obtained exact expressions
for the periods of the maximum displacements for a class of undamped non-linear systems
with constant parameters subjected to a step excitation. They [3] have also applied
Ponavko's direct linearization method [4] and Atkinson's superposition method [5] to
obtain approximate expressions for the time periods of such systems. Step response of
damped non-linear systems with constant parameters has been considered by Sinha and
Srinivasan [6], Anderson [7] and Reed [8], among others. These analyses are approximate,
since, in general, it is not possible to obtain a closed form exact solution for these problems.

The approximate analysis of response of non-linear systems subjected to arbitrary pulse
excitation has also received much attention. Ariaratnam [9] and Bauer [10, 11] have used
the perturbation method of Poincare as modified by Lighthill. Srirangarajan and Srinivasan
[12] and Srirangarajan [13] have applied a generalized averaging technique [6,7] and
the well-known Krylov-Bogoliubov-Mitropolsky method [14]. However, these studies
have been restricted to systems with constant parameters only. The response of non-linear,
non-stationary systems have been considered by Nayfeh and Mook [15], Rubenfeld [16],
Evan-Iwanowski [17] and Mitropolsky [18]. However, these studies do not deal with
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