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Abstract. Composite laminates have been widely applied in advanced engineering structures, while the 
unavoidable  damage  and  defects  heavily  threaten  the  structural  integrity  and  safety.  With  the 
development of non-destructive testing (NDT) and structural health monitoring (SHM), many efforts 
have been made to explore the possibility of vibration-based damage detection method to detect the 
defects in composite laminates [1,2]. However, the damage information can hardly be extracted from a 
low frequency vibration.

In this paper, an intelligent damage detection method based on vibration has been proposed, which 
can decompose pseudo-defect-mode (PDM) from low-frequency mode shapes by using  principal 
component analysis (PCA) and visualize defects in composite laminates without any requirement of 
baseline data. For a designed delamination, as shown in Fig.1(a), the first mode shape of the structure 
can hardly visualize the damage, as shown in Fig.1(b). By using the proposed method, the PDM of the 
delamination can be obtained from the mode shape, as shown in Fig.1(c), which can be employed for 
damage visualization. To further investigate the capability of the proposed method, more complicated 
numerical simulations and experimental tests have been conducted on damaged composite laminates. 

Fig.1. (a) Designed damage, (b) the first mode shape, (c) PMD decomposed from mode shape.

Results illustrate this paper elaborates the possibility to observe defect modes in low-frequency 
range, which paves a new way to solve the sensitivity challenge in low-frequency based damage  
detection. Moreover, it plays an essential role in practical engineering application, and provides an 
intelligent strategy for the promotion of NDT and SHM.
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