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Abstract.  Cylindrical  shells  as  common  structures  have  extensive  applications  in  practical 
engineering, but inevitably suffer from defects or damage during manufacturing process or on-line 
service, which can threaten the structural health and stability. For developing the guided wave-based 
non-destructive testing methods from flat plates [1] into curved shells, in this paper, an intelligent non-
destructive  testing  method  is  proposed  to  detect  damage  in  cylindrical  shells  by  combining  the 
improved signal processing method with deep learning model. For a damaged cylindrical shell with 
propagation of guided waves, as shown in Fig. 1(a), a multi-sensor signal testing strategy as shown in 
Fig. 1(b) is designed for diagnosing damage on the cylindrical shell model. 
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Figure 1: (a) The propagation of guided waves on cylindrical shell; (b) Multi-sensor signal testing 
approach; (c) Damage imaging result.

In Fig .1(b), the guided waves are excited by the actuator, and four sensors are separately located 
on the surface in the directions along 0/90/180/270 degree to receive wave signals. Based on numerical 
simulations, the multi-sensor signals are processed by the generalized cross-correlation method, and 
the wavelet transform is conducted to extract specific features to construct training dataset, which are 
time delay, peak value, bandwidth of half peak, entropy and peak energy. After that, neural network 
model with given features is trained to inversely image damage in three dimensions on the cylindrical 
shell as shown in Fig .1(c). Numerical results indicate that both the centroid error and size error of 
imaged damage are less than 3.1%. Experimental test is carried out to verify the effectiveness and 
accuracy of the proposed method. Results point out that the proposed method provides an effective and 
intelligent testing model for accurately detecting and evaluating damage in complex cylindrical shells, 
and promotes the development of non-destructive testing methods.
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