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A Methodof Fatigue Crack Initiation-Monitoring at Hole Edge of Aluminum
Alloy Plate Based on DBSCAN Algorithm and GMM Theory

YU Chong, SONG Hao, LIU Chunhong, ZHAO Qidi, FU Jiahao
(AVIC Changcheng Institute of Metrology & Measurement, Beijing 100095, China)

Abstract In view of hole edge crack initiation-monitoring of porous aluminum alloy plates in aviation
structures under fatigue load, a method of hole edge crack initiation-monitoring is proposed based on the
fiber optic sensing system in combination with wavelet decomposition, density based spatial clustering of
applications with noise and Gaussian mixture model. Firstly, a fiber optic grating sensing system is used
to collect the micro strain at the edge of a porous aluminum alloy plate during the entire process from crack
initiation to structural fracture under cyclic loading conditions, and a micro strain curve at the edge of the
hole is constructed. Wavelet decomposition on the micro strain curve at the hole edge is performed to ob-
tain the low-frequency and high-frequency components of the micro strain curve, and the minimum value

of the low-frequency component and the sudden change of the high-frequency component are taken as the
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characteristics of crack initiation at the hole edge. The crack initiation being analyzed, the number of fa-
tigue loading cyclic number is calculated by DBSCAN algorithm and GMM theory when the crack at the
hole edge is initiated, and the initiation position of the main crack at the hole edge of the porous aluminum
alloy plate and the number of fatigue loading cyclic number are compared and analyzed when the main
crack at the hole edge is initiated. The test results show that this monitoring method is capable of accu-
rately locating the initiation position of the main crack at the hole edge, and calculating the fatigue loading
cyclic number when the main crack at the hole edge initiates, and the calculation error of the fatigue load-

ing cyclic number is within the range of 5%. In the future, the method can be applied to the ground fa-

tigue test of a whole-aircraft, structural health monitoring and other scenarios.
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