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Abstract As aircrafts are being operated at high altitude, wing structures experience various fatigue loadings under
cryogenic environments. As a result, fatigue damage such as a crack could be develop that could eventually lead
to a catastrophic failure. For this reason, fatigue damage monitoring is an important process to ensure efficient
maintenance and safety of structures. To implement damage detection in real-world flight environments, a special
cooling chamber was built. Inside the chamber, the temperature was maintained at the cryogenic temperature, and
harmonic fatigue loading was given to a wing structure. In this study, piezoelectric active-sensing based guided
waves were used to detect the fatigue damage. In particular, a beamforming technique was applied to efficiently
measure the scattering wave caused by the fatigue damage. The system was used for detection, growth monitoring,
and localization of a fatigue crack. In addition, a sensor diagnostic process was also applied to ensure the proper
operation of piezoelectric sensors. Several experiments were implemented and the results of the experiments
demonstrated that this process could efficiently detect damage in such an extreme environment.

Keywords: Structural Health Monitoring (SHM), Sensor Diagnostics, Piezo-Electric Transducer, Active-Sensing,
Statistical Analysis, Beamforming
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