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Fig. 3. CFRP beam with a crack [20] 
 

Fig. 4. Complex-wavelet modal curvature [20] 

3) �9 �O
�Û�:�Q�á �R�; for characterizing cross-like notch in aluminum plates. 

An aluminum plate containing a cross-like notch, with its geometry shown in Fig. 5, is excited 
with a piezoelectric lead-zirconate-titanate (PZT) actuator. The mode shapes of the plate are 
obtained by using a SLV as a sensor. A distinct peak appearing in the 2D-TEO processed wavelet 
modal curvature (at scale 20) of the mode shape at the natural frequency of 3000 Hz clearly 
delineates the notch (Fig. 6). 

a) b) 
Fig. 5. Aluminum plate with a cross-like notch: a) geometry and b) zoomed-in notch [17] 

 
a) b) 

Fig. 6. 2D-TEO processed wavelet modal curvature: a) planform and b) enlarged damage [17] 
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4.2. Conventional modal curvature 

The experimental cases above are reanalyzed by conventional modal curvatures, with the 
results shown in Figs. 7(a), 7(b), 7(c) for the aluminum beam, composite beam, aluminum plate, 
respectively. In these modal curvatures, the noise effect entirely impairs the modal curvatures, 
from which no damage feature is identifiable. Comparisons with the results from wavelet modal 
curvatures in Figs. 2, 4, 6 clearly illustrate the disadvantage of conventional modal curvature in 
resisting noise. 

a) 
 

b) 

 
c) 

Fig. 7. Modal curvatures for: a) aluminum beam, b) composite beam, and c) aluminum plate 

5. Conclusions 

Modal curvature is a widely used damage indicator with explicit physical implication;  
however, its noise susceptibility compromises its effectiveness in characterizing damage in noisy 
conditions. This study reports new concepts of wavelet modal curvatures that has superiority over 
conventional modal curvature in the mechanism of adaptability to noise. The capabilities of 
wavelet modal curvatures to detect complex damage in noisy environments are demonstrated in 
experimental cases. 
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