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INTRODUCTION

In this paper, a method based on Continuous Wavelet Transform (CWT)
technigque is applied to beam structures in order to localize the area of
damage. CWT coefficients are extremely sensitive to any signal
discontinuities and singularities, therefore location of damage due to a
sudden loss of stiffness can be detected in those operational deflection
shapes (ODS), that yield large amplitude wavelet coefficients.

Damage index (D) for ODS is depicted as follows
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where n is a mode number, i is number of grid point in x direction, w is a
transverse displacement, y ,(x) is a translated and dilated wavelet function
in spatial domain and DI is damage index.

In order to minimize the measurement noise, DI results for ODS are
normalized with respect to largest DI value as follows
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These damage indices are then standardized according to statistical
hypothesis and standardized damage indices (SDI) are obtained

where up, and ap, are mean value and standard
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To quantify the reliability of wavelets to identify the location of damage,
a new parameter, called ,,damage estimate reliability” (DER) is introduced
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SDI.(a) + SDI. (b) + SDI.(c) zone a — before damage,

zone b — damage,
zone ¢ — after damage.

Most of the mode shape curvature (MSC) damage detection methods
require the baseline data of the healthy structure. Often these baseline
modal parameters are not available.

In this paper, an interpolation technique with a Fourier series
approximation is applied on a MSC data of the damaged structure,
generating smooth MSC surfaces that are estimates of the healthy
structure.
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The DI is defined as the absolute difference between squares of the
measured curvature of the damaged structure and reconstruction of MSC

approximation with Fourier series representing the healthy structure.
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SPECIMENS AND DAMAGE IMPLEMENTATION

Laminate lay-up for the carbon/epoxy
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2 beams were cut out from a
composite plate

Low-velocity impact testing
INSTRON Dynatup 9250 HV drop tower

Beam 1 - 15 J; impact distance L, = 345 mm
Beam 2 - 10 J; impact distance L, = 175 mm

‘ VIBRATION EXPERIMENTAL SET-UP \

POLYTEC PSV-400-B scanning laser vibrometer

Mode shape measurement
Excitation: PZT actuator discs
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DER(s) plots for both beams.
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