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ABSTRACT 

This paper presents two infrared thermography methods with CO2 Laser excitation and microwave excitation applied to 
defect detection in CFRP. The tests were conducted with two specimens, one with defect, and another one without de- 
fect. On two concrete plates 40 cm × 40 cm × 4.5 cm were reinforced by CFRP; the defects were made by the absence 
of adhesive on an area 10 cm × 10 cm. The specimens were heated by microwave, generated by a commercial magne- 
tron of 2.45 GHz and guided by a pyramidal horn antenna, with a power of 360 W within 150 s. Another series of the 
tests was conducted with CO2 Laser, wavelength 10.6 µm, by heating the samples with a power of 300 W within 40 s. 
An infrared camera sensitive to medium waves in range of 3 - 5 μm, with a detector of 320 × 256 matrix detector in 
InSb (Indium Antimonide), was used to record the thermograms. As a result, the CO2 Laser excitation is better for the 
delamination detection in CFRP. This study opens interesting perspectives for inspecting other types of defects in mate- 
rials sciences; the microwave excitation is suitable for the deep defects in the materials whereas the CO2 Laser excita- 
tion is better for the defects near the surface of the materials.  
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1. Introduction 

Composite materials have attracted a lot of attention from 
researchers in materials sciences. The applications with 
these materials have also been increasing. Carbon Fiber 
Reinforced Polymer (CFRP) has been popularly used in 
repairing and strengthening the structures in civil engi- 
neering [1-4]. In these techniques, the loss of the adhe- 
sives can cause the delamination of the CFRP from the 
repaired or strengthened elements [5]. This type of de- 
fects has been inspected by various infrared thermogra- 
phy methods [6-8]. The infrared thermography is a ther- 
mal method used as nondestructive testing technique 
(NDT) based on the measurement of the temperature 
difference on the surface of the materials [9,10]. The data 
interpretation methods have been developed [9,11-14]. 
Meanwhile, many excitation systems such as microwaves 
and laser have also been created to stimulate the detected 
structures [15-18].  

In this work, two infrared thermography methods with 

a Laser excitation system and a microwave excitation 
system are applied to defect detection in CFRP. The La- 
ser used for this method is CO2 Laser, more powerful 
than other types, which is the interest of surface heating 
source for infrared thermography. The interest of the 
microwave excitation system is the direct transmission of 
the waves onto the detected elements by a pyramidal 
horn antenna, which is accessible to the in situ inspection 
of the structures in civil engineering. The thermograms 
from the analysis with the contrast algorithm and the 
temperature evolution of the surface of the specimen for 
both methods are then compared.  

2. CFRP Samples 

Two samples of the same dimensions were prepared, one 
without defect, and another one with defect (Figure 1). 
On a small concrete slab 40 cm × 40 cm, and 4.5 cm of 
thickness, was reinforced by the carbon fiber reinforced 
polymer (CFRP) 22 cm × 40 cm. The CFRP consisted of  
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Figure 1. Details of the CFRP samples. 
 
the bidirectional carbon fiber tissue, and the Sikadur ad- 
hesive for attaching the carbon tissue to the concrete 
plate.  

The defect was made by the absence of adhesive on 
the area of 10 cm × 10 cm at the middle of the defected 
sample.  

3. Experimental Campaigns 

3.1. Infrared Thermography Tests with  
Microwave Excitation 

The samples were heated by the microwaves generated 
by a commercial magnetron at the frequency of 2.45 
GHz. A pyramidal horn antenna with an opening (59 cm 
× 56 cm) of 40˚ served to guide the microwave beam 
onto the tested samples (Figure 2(b)).  

The position of the samples was marked, at 20 cm 
from the antenna aperture (Figure 2(a)). An infrared 
camera sensitive to medium waves in range of 3 - 5 μm, 
with a detector of 320 × 256 matrix detector in InSb (In- 
dium Antimonide), was placed at 1.5 m from the sample 
in 55˚ direction so as to detect the whole area heated by 
the microwave beam. The antenna was placed in the 45˚ 
direction. The thermograms were recorded at regular 
intervals (1 image per second) by a computer, synchro- 
nized to the infrared camera, using the ALTAIR program. 
The specimens were heated with a power of 360 W 
within 150 s. The tests on both samples (with defect, and 
without defect) had the same procedure (replaced the 
sample with defect by the sample without defect without 
changing the positions of the infrared camera and the 
antenna, and the power and duration of heating).  

3.2. Infrared Thermography Tests with CO2  
Laser Excitation 

The test procedure was the same as the test with micro- 
wave excitation, but the specimens were heated within 40 
s by CO2 Laser system with the power of 300 W. In this 
case, the specimens were placed at 3.5 m from the Laser 
system (Figure 3(a)); the distance enabling the laser 
beam to reach the whole surface area of the heated sam- 
ples. The infrared camera was placed at 3 m from the  

 
(a) 

 
(b) 

Figure 2. Test set-up. (a) Schema of the test with microwave 
excitation; (b) Microwave system.  
 
sample, in 20˚ with the axis of the laser beam.  

The CO2 Laser was an infrared laser having a wave- 
length of 10.6 µm. The system had a deviation device for 
changing the direction of the laser beam to any wanted 
positions of the specimens. In the deviation device (Fig- 
ure 3(b)), there was a mirror to change the laser beam 
trajectory from vertical direction (from the machine) to 
horizontal direction. A lens (127 mm focal) was used to 
enlarge the diameter of the laser beam so as to get a big- 
ger wanted area to heat. Further the samples were placed 
from the lens; the bigger surface area can be heated.  

4. Results and Discussions 

4.1. Thermograms Analysis 

4.1.1. Tests with Microwave Excitation 
The non-uniformity of the microwave beam, caused by 
its reflection from the specimen with the antenna, pro- 
duced an in-homogeneous heat generated in the sample 
and may lead to misinterpretations. The amplitude of this 
non-uniformity depends also on the detected materials. 
Thus, the tests were conducted in two stages; the first 
stage on the specimen without defect, and the second 
stage on the specimen with defect. Then, the sequence of 
thermograms was analyzed by the contrast algorithm 
with Matlab program. The thermograms at the instant 
100 s (the instant at which the contrast between the  
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the need of this sample for evaluating the defect in the 
sample with defect. The thermal contrast thermogram 
compared to initial instant (Figure 5(d)) shows clearly 
the defect at the middle of the specimen, which is hotter 
than other healthy area.  

healthy and defected areas is maximum) were obtained 
as shown in the Figure 4.  

Figure 4(a) shows the thermogram of the specimen 
without defect at the instant 100 s. Figure 4(b) shows the 
thermogram of the specimen with defect.  

Figure 4(c) is the subtraction between the thermogram 
of the sample with the defect (Figure 4(b)), and the 
thermogram of the sample without defect (Figure 4(a)) 
at the same instant. The thermogram in Figure 4(d) is the 
subtraction of the thermogram in Figure 4(c) and its ini- 
tial thermogram in order to consider only the defect as 
the difference between both samples (not taking into ac- 
count the contrast made by their different initial tem- 
peratures). It shows clearly the defect at the middle of the 
sample. The absence of adhesive (replaced by the air, 
which has a smaller thermal conductivity) made it hotter 
than other area without defect. 

It is noticed that the thermal contrast between the de- 
fected area and the healthy area in Figure 5(d) (8˚C) is 
higher than in Figure 4(d) (1˚C), that’s why the defected 
area appears more clearly in Figure 5(d) than in Figure 
4(d). This shows that the CO2 Laser is a better excitation 
than the microwave for this type of defect near the surface  
 

 
4.1.2. Tests with CO2 Laser Excitation (a) 

The non-uniformity of the laser beam (Gaussian), after 
passing through the lens in the deviation device, caused 
also an inhomogeneous heat generated on the surface of 
the samples. Thus the same contrast algorithm was also 
used to analyze the thermograms in this case. By 
applying the previous algorithm to all the points of the 
specimen surfaces (37 cm × 35 cm area is observed), the 
thermograms obtained at the instant 41 s (the instant of 
the maximum contrast between the defected and healthy 
areas) are shown in the Figure 5.   

(b) The thermogram of the sample without defect (Figure 
5(a)) shows the circular form and the nonuniformity of 
the laser beam on the surface of specimen, which proves  

Figure 3. Test set-up. (a) Schema of the test with CO2 Laser; 
(b) CO2 Laser system. 

 

 

Figure 4. Thermograms from the tests with microwave excitation at the instant 100 s. (a) CFRP without defect; (b) CFRP 
with defect; (c) Thermal contrast between the specimens; (d) Thermal contrast compared to initial instant. 
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Figure 5. Thermograms from the tests with CO2 Laser excitation at the instant 41 s. (a) CFRP without defect; (b) CFRP with 
defect; (c) Thermal contrast between the specimens; (d) Thermal contrast compared to initial instant. 
 
of the detected elements. 

4.2. Evolution of Surface Temperatures 

On the thermograms in Figures 4(b) and 5(b), suppose 
“H” an area without defect (healthy area), and “D” a de-
fected area, situated at the same position of the specimen 
with defect. The temporal evolutions of the average 
temperatures of those two areas from both cases of exci-
tation are shown in Figure 6.  

In Figure 6(a), which is the case of the test with CO2 
Laser, the surface temperature increases from the initial 
instant 16.25˚C to 26.5˚C in the defected area (10.25˚C), 
and from 16.25˚C to 23.5˚C (7.25˚C) in the healthy area. 
After the heating period of 40 s by the Laser, the surface 
temperatures of the specimens start the relaxation phase 
in both areas.  

Figure 6(b) shows the temperature evolution in the 
case of microwave excitation. The surface temperature 
increases from 15.18˚C to 16.2˚C in the defected area 
(1.02˚C), and from 14.9˚C to 15.32˚C (0.42˚C) in the 
healthy area. It occurs also the relaxation phase after the 
heating period of 150 s by the microwave. In this case, 
the temperature curves are modulated by the heating 
phases of the microwave signals. These modulations can 
be explained by the signals of the microwave (detected 
by a sensor) in Figure 7.  

The signals from the magnetron were used as the ref- 
erence to know the waveform of the power supplied to 
the samples. The waveform envelope is a pulse train of 
variable width related to the transmitted power. At the 
average power of 360 W (which was used for these in- 
frared thermography tests), each pulse has a period of 30 
s and duration of 16 s (which corresponds to the modula-  

 
(a) 

 
(b) 

Figure 6. Temperature evolution. (a) Test with CO2 Laser; 
(b) Test with microwave. 
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Figure 7. Microwave signal at 360 W. 
 
tion period of the temperature curves). In each slot of the 
train, there is a modulation period of 200 ms and 100 ms 
of pulse duration. In Figure 7, Pc is the peak power of 
the signals.  

It is observed that the microwave excitation gave a 
smaller increase in temperature (0.42˚C) than the CO2 
Laser excitation (7.25˚C), because the microwave (12 cm 
of wavelength at 2.45 GHz) can penetrate deeper into the 
samples to make a volumic heating where as the CO2 
Laser (10.6 µm of wavelength) make a surface heating.  

5. Conclusions 

The applications of the CO2 Laser infrared thermography 
and the microwave infrared thermography to the CFRP 
showed prominently the accessibility of these two meth- 
ods in nondestructive testing (NDT) for composite mate- 
rials as well as materials sciences. The comparison be- 
tween the thermograms and the surface temperature in- 
creasing from both methods showed that the CO2 Laser 
excitation is better for the delamination detection in 
CFRP which is the near surface defect.  

This study opens interesting perspectives for inspect- 
ing other types of defects in materials sciences; the mi- 
crowave excitation, which is a volumic heating source, is 
suitable for the deep defects in the materials; whereas the 
CO2 Laser excitation, which is a powerful surface heat- 
ing source, gives a great performance for the defects near 
the surface of the materials.  
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