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Therefore, the ANOVA gives the coefficients of a predicting model of a composite host structure to the 
delamination damage, the target of such an implemented SHM process, which can be arranged in the 
following equation: 
 

                                                                                                         (1) 
 
where Y is the magnitude of response,  the frequency of the PZT actuation, d the dimension of the 
artificial defects and h their position in the laminate; the factors are coded, as usually by ANOVA, with a 
low and a high level so that i.e. 21 kHz is associated to -1 (low level) and 36 kHz to +1 (high level). 
According to (1) and the main effect and interaction plot of Figure 9, a higher chance of detecting 
delamination defects can be obtained by working at a low frequency (21 kHz), since the response is 
maximum. Therefore, the implemented SHM process gives the best indication in the combination of 
position-dimension factors respectively low (between the 16th and 17th ply of laminate) and high (24 mm); 
Such a SHM process has been able to provide a response in all other possible factor combinations.  

 

Figure 9: Main effects and interaction plot of the studied factors: frequency, dimension and position of 
delaminations. 

5. Concluding remarks 
A new way of Lamb wave mode tuning, actuating at a very low frequency [0;50] kHz, which is able to give  
back only the fundamental A0 mode has been observed and characterised; this simplifies the interpretation 
of the diagnostic signal waves received from the PZT sensors, since only one mode propagates and 
interacts with the host structure. Moreover, the magnitude of the diagnostic signal as its ratio to noise 
using a pair of PZT actuators symmetrically bonded onto the upper and lower surfaces of the composite 
laminate can be enhanced. As a result, the performance and the potentially influencing factors on such a 
SHM process, referring to a quasi-isotropic composite laminate in a pulse-echo configuration of the PZT 
transducers has been studied. We can assert the ability of the detection of small delamination defects, 
from 8 to 24 mm size, wherever placed in the laminate, and highlight that the better detection performance 
are achievable working at 21 kHz and in the factor combination of high dimension combined with low 
position, or vice versa. 
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