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ABSTRACT 

Structural health monitoring (SHM) of critical structures such as aircrafts, ships, nuclear 

reactors, pressure vessels and pipelines for preventing catastrophic failure is a prime concern 

amongst the engineering community. Ultrasonic Lamb waves excited and sensed by surface-

bonded thin piezoelectric wafer patches have shown great potential in detecting small 

localized damage in such thin-walled structures. However, the need to compare the sensor 

signals to a prerecorded baseline of the healthy structure in the conventional methods present 

several complications. This study focuses on the development of a damage detection 

technique without involving comparison with baseline data, based on the time reversal 

process (TRP) of Lamb waves. It is shown that the sensitivity of the TRP based method can 

be enhanced very significantly by conducting the probe at the best reconstruction frequency 

at which the similarity or correlation between the reconstructed and original input signals in 

the undamaged state would be the maximum over a given range of frequency, for the given 

structure-transducer-adhesive system. A new method of computing the damage indices (DIs) 

with extended signal length is proposed capturing the extra bands around the main wave 

packet, which are generated due to interactions of the propagating Lamb waves with the 

damage. The new DIs used at the best reconstruction frequency are shown to have excellent 

sensitivity to damage, ensure a low threshold for the undamaged case, and reflect the true 

severity of the damage. The sizing and localization of the damage are illustrated 

experimentally using the proposed baseline-free method. The effects of various parameters 

such as the adhesive layer between the transducers and the host plate, the tone burst count of 

the excitation signal, the plate thickness, and the piezoelectric transducer thickness on the 

time reversibility of Lamb waves in metallic plates are studied. The results show several 

trends that are contrary to general expectations, e.g. the quality of the reconstruction of the 

input signal after the TRP may increase with the increase in the adhesive layer thickness at 

certain frequency ranges, and narrower band of the signal does not necessarily enhance the 

time reversibility at all frequencies. An analytical solution for the excitation, sensing and 

time-reversal of Lamb waves in the undamaged actuator-structure-sensor system is also 

developed to provide a theoretical estimate of its best reconstruction frequency for the design 

of SHM systems based on the TRP. 
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