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Identification of the Structural Damages in a Cylindrical Shell
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Abstract

In this paper, a structural damage identification method (SDIM) is developed to identify the line crack-like
directional damages generated within a cylindrical shell. First, the equations of motion for a damaged
cylindrical shell are derived. Based on a theory of continuum damage mechanics, a small material volume
containing a directional damage is represented by the effective orthotropic elastic stiffness, which is
dependent of the size and the orientation of the damage with respect to the global coordinates. The present
SDIM is then derived from the frequency response function (FRF) directly solved from the equations of
motion of a damaged shell. In contrast with most existing SDIMs which require the modal parameters
measured in both intact and damaged states, the present SDIM may require only the FRF-data measured at
damaged state. By virtue of utilizing FRF-data, one may choose as many sets of excitation frequency and FRF
measurement point as needed to acquire a sufficient number of equations for damage identification analysis.
The numerically simulated damage identification tests are conducted to study the feasibility of the present

SDIM.
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Table 1 Natural frequency (Hz) of the intact shell and the damaged shell with isotropic and orthotropic damage

Mode Intact Damaged shell .

numbf:r shell Isotropic Orthotropic Damage

(m,n,i) Damage $=0° ¢=30° " $=45°
(1,0,1) 6167.0 6166.7 6146.4 6143.5 6141.5
(1,1,1) 3269.2 3264.7 32624 3234.1 3226.9
(1,2,1) 1756.0 1752.7 1754.8 1681.1 1654.5
(1,3,1) 1095.9 1093.9 1094.7 1053.7 1043.7
(1,4,1) 1022.1 1019.9 1018.6 957.7 9243
(1,51 1317.2 1313.5 1309.3 1277.5 1266.6
(2,0,1) 6472.0 6472.0 6466.2 6467.6 6469.0
2,11 5444.1 5440.1 5436.0 5440.9 54425
(2,2,1) 3912.8 3906.2 3906.4 3880.0 3876.2
(2,3,1) 2789.2 2782.9 2784.7 2789.2 2788.5
(2,4,1) 21715 21674 2168.5 2164.6 2162.5
2,5,1) 2027.8 2025.3 2025.6 2022.8 2022.0
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Fig. 4 Two example problems considered for the numerically simulated damage identification tests

Table2 Damage information pre-specified for the damage identification tests

Example Effective damage Damage orientation Damage location
problems magnitude (degrees) (xp, 6p)
One-damage D=03 ¢=30° (0.135m, 0.97)
D;=03 ¢ =0° (0.075m, 0.57)
Three-damage D,=04 & =30° (0.135m, 1.37)
D;=02 & =45° (0.225m, 0.9)
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Fig. 6 Damage identification results for the three-damage
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Fig. 7 Effects of the measurement noises in FRF-data on the damage identification results for the one-damage problem.
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Fig. 8 Effects of the measurement noises in FRF-data on the damage identification results for the three-damage problem
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