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Damage Identification of Cylindrical Shell Structures Based on Fractal

Characterization of Vibration Modes
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ABSTRACT: A damage identification algorithm based on fractal characterization of vibration
mode shapes was proposed to address the weak positioning capability and poor damage resistance
in the original parameter arrays of vibration modes. First, a contour map was constructed using
the fractal dimension of the longitudinal line vibration modes of a cylindrical shell to intuitively
characterize the location and degree of damage and approximate its shape. Subsequently, the ef-
fectiveness and feasibility of the algorithm were verified using a numerical model of the cylindrical
shell under free boundaries. Comparisons with commonly used curvature detection algorithms
demonstrated that the proposed high—dimensional fractal algorithm exhibits significantly better
noise resistance and robustness in different noise environments. Finally, the algorithm was applied

to the experimental modal testings of metal cylindrical shells with artificially notched damage, us-
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ing force hammer excitation and accelerometer measurements. The results show that the proposed

algorithm can effectively identify the damage in the experimental mode, achieving a positioning

accuracy within +1 measuring—point spacing range. The applicability and effectiveness of this al-

gorithm in practical engineering are verified.
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Fig.1 Flowchart of damage identification of a

cylindrical shell structure
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Table 1 Material properties and dimensions of a cylinder
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Fig. 4 Flat-laid contour lines of cylindrical shell vibration

modes in the 16th Dy, domain
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Fig. 5 Flat-laid contour lines of cylindrical shell

vibration modes in damage condition 2
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Fig. 6 Flat-laid contour lines of cylindrical shell vibration

modes in damage condition 4
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