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Embedded PZT Sensor-Based Fatigue Failure Monitoring
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Abstract: Bolted connections, a conventional method for joining carbon fiber reinforced polymer (CFRP) composite
structures, undergo complex fatigue failure processes, which expose them to intense, unexpected failures. There-
fore, monitoring their structural health is greatly significant. To address the challenges of complex deployment and
unsuitable operation in traditional sensing methods, a monitoring technology is proposed based on embedded lead
zirconate titanate (PZT) sensors after which the damage identification mechanism for CFRP bolted structures during
fatigue loading is investigated. Next, the effectiveness of the optimized embedding process is verified via lead break-
age experiments and spectral responses, revealing that this process increased the survival rate of the PZT sensor from
40% (obtained by conventional processes) to 80%. Additionally, the time-frequency analysis of the PZT signals based
on the Hilbert-Huang transform (HHT) reveals the significant mutation characteristics of the 10 Hz frequency compo-
nent in the initial damage stage. Subsequently, the correlations between the PZT signal and microdamage mecha-
nisms, such as interface debonding and microcrack extension, are verified by comparing the acoustic emission sig-

nal with the scanning electron microscopy microdamage morphology. Furthermore, the response correlation between
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the loading frequency and different frequency components of the PZT signal is quantitatively analyzed, revealing that

the evolution trend of the loading frequency-dominated component during fatigue best reflects the damage evolution

within the structure, with a very high Pearson correlation coefficient (0.82) . The results indicate that the PZT signal

can effectively identify three damage stages with high sensitivity, especially the onset of the microcrack germination

stage, which can facilitate real-time early warning of the structural health of CFRP bolt joints. Overall, the results

offer a theoretical basis and an engineering reference for applying embedded intelligent sensing technologies to the

monitoring of the health of composite structures.

Keywords: carbon fiber reinforced polymer (CFRP) bolted joint; piezoelectric ceramic sensor; fatigue failure moni-

toring; structural health monitoring
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