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Abstract 
 
This contribution deals with material- and X-ray computed tomography (XCT) 
parameters influencing the quantitative evaluation of porosity in carbon fibre reinforced 
polymer specimens (CFRPs). Different types of CFRPs with porosity were investigated. 
High resolution XCT scans were used as reference. Porosity values gained with XCT 
methods are compared with ultrasonic testing, acid digestion or materialography.  
 
1. Motivation and Introduction 
 
Nowadays, many safety-critical structures are manufactured from carbon fibre 
reinforced polymers (CFRP). A main problem here is that porosity can critically weaken 
the material strength. Low porosity levels are essential for ensuring the performance of 
composite parts [1, 2]. Typical acceptable porosity values in aeronautic and space 
industry are in the range of < 2.5 vol.%. The standard non-destructive testing (NDT) 
method for porosity detection in CFRP is ultrasonic testing (UT) [3].  
To interpret standard methods correctly much inspector experience is needed and in 
some cases an interpretation is still not possible. To estimate porosity within CFRP 
samples nearly all NDT methods have a collective drawback: there are no methods to 
obtain accurate porosity values as references. The most common reference standard for 
CFRP is acid digestion that shows an uncertainty level of ±1 vol. % [4].  
For this reason X-ray computed tomography (XCT) is an ideal supplementary 3D 
method [5, 6]. XCT is a non-destructive method which can reach a high resolution down 
to < 1 µm and can be used as reference for quantitative evaluation and characterization 
of porosity in carbon fibre-reinforced composites. [7, 8, 9, 10] 
 
2.  Experimental setup 
 
In this work different CFRP samples from aeronautic and space industries with porosity 
were investigated. XCT scans were performed on a Nanotom 180 NF device 
manufactured by GE phoenix|x-ray and a SkyScan 1294 from Bruker microCT. XCT 
data processing and evaluation was done in VGStudio Max (Volume Graphics).  
 
3. Results and Discussion 
 
This contribution deals with the application of XCT as reference for quantitative 
evaluation and characterization of porosity in carbon fibre-reinforced composites. The 
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degree of accuracy strongly depends on several material and XCT parameters as shown 
in Fig 1:  
(I) Material parameters: woven fabric or unidirectional material, additional glass fibres 

or copper wires for lightning protection, adhesive bondings (high density), etc. 
(II) XCT parameters: resolution and voxel size (VS), used device and modality (e.g.: 

cone beam XCT vs. Talbot Lau grating interferometer XCT), threshold method, etc.   
   

 

Figure 1. XCT slice images of a variety of CFRP specimens and corresponding segmentation (a-c): (a) 
unidirectional fibre lay-up at (4.5 µm)³ VS, (b) plain weave style at (11 µm)³ VS and (c) artificial induced 
pores at (11 µm)³ VS; (d) CFRP sample with copper mesh for lightning protection scanned with a  Talbot 

Lau grating interferometer XCT at (22.8 µm)³ VS. Absorption contrast (top) and phase contrast with 
reduced metal artefacts (bottom) of the same slice. Black scale corresponds to 1 mm. [7, 8, 9, 10] 
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