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Abstract
Structural Health Monitoring (SHM), is considered to be a promising cost-effective
approach to maintaining aircraft safety and airworthiness. Piezoelectric (PZT)
transducers have been widely studied for SHM due to their potential for damage
interrogation in hard-to-access areas. In this approach, Lamb waves are generated
and propagated through the structure using surface mounted networks of PZT
transducers. Initially, sensor baseline signals are recorded for propagating Lamb
waves excited by selected PZT transducers in the network. Afterwards, the sensor
signals obtained for the same excitations are monitored and compared to the
recorded baseline, for damage detection throughout the test of the structural
component. Similar to most of the baseline-dependent SHM technologies, the basic
premise of this damage detection approach is that damage will alter the baseline
conditions in terms of added wave reflections, and therefore a change from the
baseline signal could be indicative of damage formation, structural degradation or
changes in other properties which affect the wave propagation. The measured
signal can also differ from the baseline signal due to several factors such as
temperature, humidity, applied monotonic or fatigue loading. For a successful
application of these PZT and Lamb wave based systems in operational scenarios, it
is necessary to predict and better understand the effects of these environmental
and loading conditions on the sensors, structural response and therefore measured
signal used for SHM. The non-damage sources caused signal changes can be
falsely interpreted as damage if those changes are not taken into account and
compensated in the signal processing. An investigation study was performed
employing a PZT transducer and Lamb wave based SHM technology using
representative aluminium alloy specimens. It was observed that changes in
temperature and loading could cause substantial variations in the received signal
features or significant attenuation/distortion of the measured signal. The signal
changes caused by the temperature and loading were characterized and the
obtained results are presented in this paper. Also, physics based explanations for
the observed effects are discussed in this paper. These help to better understand
the environmental effects and can potentially be used for further development of
appropriate compensation algorithms for taking into account those effects on PZT
and Lamb wave based SHM technologies.
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