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Abstract

This paper considers two prototypical strongly nonlinear oscillators with weak dissipation and noise: a pendulum
which is acted on by a small noisy torque and opposed by a friction; and the noisy Duffing-van der Pol oscillator.
But over a long time the weak dissipative and noise effects can be significant. This paper develops asymptotic
techniques based on averaging and large deviations to study the effects of weak noise on the escape from the
domain of attraction of stable equilibrium points and limit cycles in phase-space.
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1. Introduction

In this paper we study strongly nonlinear oscillators with weak dissipation and noise using the techniques
of homogenization and large deviations. We study these equations as random perturbations of two-dimensional
Hamiltonian systems. The primary goal is to show that the behavior of these strongly nonlinear oscillators can
be adequately described by the (slow) evolution of the Hamiltonian, for which simple analytical results can be
obtained, and then apply these results to study the transient stability margin of power system with stochastic loads

and amplification factors of vibration energy harvesters.

The noisy Duffing-van der Pol type equation has been the object of much study in the theory of stability and
bifurcations for random dynamical systems. See for example Arnold et al. [1] and Namachchivaya et al. [2]. In
this paper we will restrict our attention to the system with additive white noise. To be specific we consider the

stochastic Duffing-van der Pol equation:

G = ag + Bdr + ag; + g7 4 + vEs, (1)

*acknowledges the support of the AFOSR under grant numbers FA9550-17-1-0001, the National Science Foundation (NSF) under
grant number CMMI 1030144, and Power Systems Engineering Research Center (PSERC).
*Corresponding author
Email addresses: lingalal@illinois.edu (Nishanth Lingala), navam@illinois.edu (N. Sri Namachchivaya),
psauer@illinois.edu (Peter W. Sauer), hyeong2@illinois.edu (Hoong Chieh Yeong)

Preprint submitted to International Journal of Non-Linear Mechanics April 6, 2017



Download English Version:

https://daneshyari.com/en/article/5016446

Download Persian Version:

https://daneshyari.com/article/5016446

Daneshyari.com


https://daneshyari.com/en/article/5016446
https://daneshyari.com/article/5016446
https://daneshyari.com

