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ABSTRACT 

The aim of this work is to characterize the damage induced by high speed drilling in carbon 

fibre reinforced composites components. A computational tool was developed and it allows 

the characterization of the damage in dimensional and geometrical terms. The adopted 

methodology is based on the concepts of the theory of inertia principle and through the 

eigenvalues and eigenvectors of the binary image resulting from the image processing and 

obtained by digital radiography it was possible to estimate the principal direction of the 

damage. 
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INTRODUCTION 

From the literature review it was possible to verify a lack of standardization regarding the 

quantification of delamination defect induced by drilling. The classical form is through the 

delamination factor proposed by Chen (1997), and it depends exclusively on the maximum 

diameter that circumscribes the damage and the hole nominal diameter. Although it is the 

most used, its limitations have been verified and other authors have proposed alternative 

methods (Davim, 2007; Silva, 2014). It was also observed the importance of damage 

geometry (Durão, 2013) but there is still no generalized methodology to quantify it, neither is 

shown its influence on the components service life. Thus, the objective of this work is to 

characterize in an effective way the damage caused by the high-speed drilling of carbon fibre 

reinforced polymer (CFRP). To achieve this objective, it was necessary to develop a 

computational tool that allows the characterization of the damage in dimensional and 

geometrical terms, covering the following aspects: 

- Damage quantification calculated by the classical delamination factor; 

- Characterization of the geometry and preferential direction of the damage. 

 

RESULTS AND CONCLUSIONS 

The computational tool developed using Matlab software allows the characterization of the 

damage induced by high-speed drilling of CFRP. The adopted methodology, based on image 

processing associated with digital radiography, comprises the use of Otsu’s automatic 

thresholding algorithm and the concepts of the theory of inertia principle. Through the 
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eigenvalues and eigenvectors of the binary image, it is possible to estimate the principal 

direction of the damage. The input is the image obtained by digital radiography and the entire 

characterization of the delamination damage, both in dimensional and geometrical terms, is 

automatically found. Figure 1 shows the output results for three specimens with similar 

damage quantification, calculated according to Chen’s delamination factor. These specimens 

were subsequently subjected to fatigue tests. Although having similar delamination factors, 

only two of the specimens fractured (Fig.1a) and Fig.1b)). The different direction of the 

eigenvectors can confirm the importance of the damage geometry on the fatigue behaviour of 

a drilled component when subjected to cyclic loading. 

 
Fig. 1 - Computational tool output results 

This study shows that it is possible to fully automatically perform the quantitative analysis 

and simultaneously characterize the delamination damage induced by the drilling of CFRP 

components using the computational tool developed. 
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