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Abstract 
 
The optimization of inspection times is one of the main goals for industrial non-
destructive characterization of components. Infrared Thermography has been proved to 
be a promising alternative in comparison with other NDT methods, reducing the lead 
time, avoiding surface contact, increasing flexibility for inspecting complex geometries 
with low preparation times and providing inspection registers among others. 
In this study, a CFRP component with a highly curved geometry is inspected through 
active thermography, aiming the reduction of inspection times in highly curved 
surfaces. For the last, other inspection methods like ultrasonics have shown significant 
lead time and difficulties in providing a digital inspection register without involving the 
preparation of specific and costly tooling. Several artificial defects have been introduced 
in order to analyse their detectability. Moreover, others indications like porosity and 
structural construction aspects like fiber orientation, etc., have been included as a part of 
the inspection analysis. The results have been validated using X-Ray Computed 
Tomography. 
 
 
1.  Introduction 
 
Infrared thermography (IRT) is a promising non-contact, fast and flexible non-
destructive technology of inspection. IRT can be used as a first approach to analyze 
complex components and, based on the data obtained, inspect certain areas of interest 
through certified non-destructive methods like ultrasonics. The aim of this investigation 
is to demonstrate the use of this technique on the inspection of an aerospace component 
with a highly curved geometry by the comparison of the results obtained by IRT and X-
ray computed tomography. 
 
 
2.  Experimental Methods 
 
The equipment used for the inspections described in this document was an infrared 
thermography camera FLIR SC7000 with the following specifications: Spectral 
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response 3-5 μm or 8-12 μm, resolution 640x512 pixels², thermal sensitivity <18 mK, 
lenses f=22 mm 5°. 
The inspected component had revolution geometry, involving high probability of 
spurious reflections that could affect to the analysis of the results. The component has 
18 squared artificial defects of a size between 5 and 45 mm inserted inside the CFRP 
laminate. The inspection is divided in four sections as shown in Figure 1b. 
 
IRT inspections are based on the response of a determined component/material to a 
external thermal stimulus (heat wave). In this case, two halogen lamps were used to 
introduce a heat pulse into the material. The parameters used during the inspection are 
shown in Table 1. 
 

Table 1. . Inspection parameters 

Thermal excitation parameters 
Heating time [s] 5 
Cooling time [s] 15 

Camera parameters 
Integration time [ms] 2.5 
Frame rate [Hz] 10 
Fixed average 0 

Geometrical configuration 
Angle of the lamps [˚] 45 
Distance from the lamps [mm] 500 
Distance from the camera [mm] 700 
 
 
 

3.  Results 
 
Figure 1a show a thermographic image obtained during the inspection of the 
component. The obtained data is post-processed using different algorithms in order to 
visualize the maximum information possible by maximizing the contrast. 
The indications shown inFigure 1 (numbered from I1 to I12) could be related to the 
artificial defects introduced inside the component based on their geometry and 
equidistant distribution. The inspection shows not only the defects located perpendicular 
to the camera (easier to detect) but also the ones located on the surrounding regions. The 
fibres direction in the different layers of the laminate can also be detected as well as 
some highly porous areas. 
 
After the IRT inspections, the component was analyzed through X-Ray computed 
tomography. Figure 1b and Figure 2b present the results obtained through XR-CT. 
Comparing them with the data obtained by IRT, it can be observed that IRT provides a 
good approach to the real position and distribution of these defects. 
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Figure 1. (a) Thermographic images of defectss I7-I12 detected through IRT and (b) defects I7-I12 

detected through X-ray computed tomography. 

 
 

 
Figure 2. (a) Position of the defects detected through IRT, (b) position of the defects detected by X-

Ray tomography. 

 
 
4.  Conclusions 
 
The inspections carried out through active infrared thermography (IRT) allowed to 
detect several artificial defects introduced in the component. The location and geometry 
of these defects matches with the results obtained through X-Ray computed 
tomography. The inspection through IRT was able to detect the 94% of the artificial 
defects. Table 2 shows the distribution per sizes of the detected defects. 
 

(a) (b) 

(b) (a) 
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Table 2. Distribution of the detected defects 

Size of the defects Number of defects Percentage detected 
5 – 10 mm 4 75 % 
10 – 20 mm 8 100 % 
20 – 45 mm 6 100 % 

 
IRT inspection showed not only these artificial defects but also the stacking sequence of 
the laminate. 
The revolution geometry of the component supposes a challenge for IRT due to the 
appearance of spurious reflections produced by the heating lamps. 
The time spent to perform the whole inspection of the component through IRT was 
around 20 min (4 inspections of 20 seconds and 15 min of preparing the set-up). 
Comparing it with the time required for a traditional UT inspection (around 2 hours) or 
the X-ray computed tomography (2.5 hours), it is easy to see the high time reduction 
that this technique offers. 
The inspections through X-Ray computed tomography validates the results obtained 
with IRT which probes that this technique can be used as a fast method to reduce lead 
times, increase the flexibility and give support to certify techniques like ultrasonic. 
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