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Abstract

In this paper, a damage detection method based on a continuous wavelet transform is proposed and
applied to analyze flexural wave in a cracked beam. For flexural waves obtained from FEM or experiments,
some useful characters of the incident, reflected and transmitted waves at a certain frequency can be
extracted by the Gabor wavelet to exactly identify the damage location and its extent. The orientation of an
inclined crack is also discussed in the paper.
© 2004 Elsevier Ltd. All rights reserved.

Keywords: Continuous wavelet transform; Damage detection; Flexural wave

1. Introduction

Among the existing structural damage detection methods, the stress wave method has
been developed into a powerful nondestructive technique, since it is quite sensitive to small defects
in structures and easy to perform. Moreover, the wavelet transform (WT) has played an
important role in processing wave propagation problems because of its local and self-adaptive
time—frequency analytical properties. Nowadays, the nondestructive damage detection methods
based on WT mostly focus on analyzing vibration signals in structures and extracting abnormity
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Nomenclature

a scaling parameter of wavelet

Co group velocity of a flexural wave

f(f)  square-integrable function

t time

T translation parameter of wavelet

w frequency

Y(1)  mother wavelet function

Y(w) Fourier transform of y(¢)

Y(f)  complex conjugation of ()

Wf(a,7) continuous wavelet transform of f{)
Y1) Gabor mother wavelet function
Yg(w) Fourier transform of y5(?)

u(x, t) displacement function of dispersive flexural wave

characters caused by damage. However, the vibration signals usually have low sensitivity
to small damages. Kishimoto et al. [1,2] firstly performed the time—frequency analysis of
flexural waves in Euler beam by the Morlet wavelet. Then Tian et al. [3] and Zhang et al. [4]
proposed to use this method to identify the damage location in a cracked beam based on
numerical and experimental approaches, respectively. Their approaches lead to quite satisfactory
results. Using the same approaches, in this paper, the damage extent and crack orientation
are studied.

As an example, a cracked cantilever beam under an impact load at its free end is considered. To
extract component of a certain frequency from the experimental flexural wave data, the Gabor
wavelet, which is better than the Morlet one in the time—frequency analyses, is used. Due to the
results of the wavelet transform, the effect of stress wave dispersivity can be overcome and the
damage location and its extent can be exactly identified. Furthermore, the effect of the inclined
crack can be estimated.

2. Continuous wavelet transform

For any square-integrable function f(¢) in the time domain (—oo, o0), the definition of
continuous wavelet transform (CWT) is [5]
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where a and 7t denote the parameters of scaling and translation, respectively. In (1), ¥(?) is a
mother wavelet and the bar indicates its complex conjugation, and its Fourier transform need to

Wf(a,t) =
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