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a b s t r a c t

Presented here is a new time–frequency signal processing methodology based on

Hilbert–Huang transform (HHT) and a new conjugate-pair decomposition (CPD)

method for characterization of nonlinear normal modes and parametric identification

of nonlinear multiple-degree-of-freedom dynamical systems. Different from short-time

Fourier transform and wavelet transform, HHT uses the apparent time scales revealed

by the signal’s local maxima and minima to sequentially sift components of different

time scales. Because HHT does not use pre-determined basis functions and function

orthogonality for component extraction, it provides more accurate time-varying

amplitudes and frequencies of extracted components for accurate estimation of system

characteristics and nonlinearities. CPD uses adaptive local harmonics and function

orthogonality to extract and track time-localized nonlinearity-distorted harmonics

without the end effect that destroys the accuracy of HHT at the two data ends. For

parametric identification, the method only needs to process one steady-state response

(a free undamped modal vibration or a steady-state response to a harmonic excitation)

and uses amplitude-dependent dynamic characteristics derived from perturbation

analysis to determine the type and order of nonlinearity and system parameters.

A nonlinear two-degree-of-freedom system is used to illustrate the concepts and

characterization of nonlinear normal modes, vibration localization, and nonlinear

modal coupling. Numerical simulations show that the proposed method can provide

accurate time–frequency characterization of nonlinear normal modes and parametric

identification of nonlinear dynamical systems. Moreover, results show that nonlinear

modal coupling makes it impossible to decompose a general nonlinear response of a

highly nonlinear system into nonlinear normal modes even if nonlinear normal modes

exist in the system.
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1. Introduction

For a linear dynamic system of n degrees of freedom (DOF) governed by
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