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Development of an Infrared Thermography
Method with CO, Laser Excitation, Applied to
Defect Detection in CFRP
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Abstract—This paper presents a NDT by infrared thermography
with excitation CO, Laser, wavelength of 10.6 um. This excitation is
the controllable heating beam, confirmed by a preliminary test on a
wooden plate 1.2 m x 0.9 m x 1 cm. As the first practice, this method
is applied to detecting the defect in CFRP heated by the Laser 300 W
during 40 s. Two samples 40 cm x 40 cm x 4.5 cm are prepared, one
with defect, another one without defect. The laser beam passes
through the lens of a deviation device, and heats the samples placed
at a determinate position and area. As a result, the absence of
adhesive can be detected. This method displays prominently its
application as NDT with the composite materials. This work gives a
good perspective to characterize the laser beam, which is very useful
for the next detection campaigns.

Keywords—CO, LASER, Infrared Thermography, NDT, CFRP,
Defect Detection.

I. INTRODUCTION

HE defects such as delamination or absence of adhesive

eventually occurred in the application can be detected by
nondestructive testing NDT techniques such as ultrasound, x-
ray and infrared thermography methods [1]-[2]. Due to their
simple set-up and rapidity of investigation with the more
accessible results, infrared thermography methods have been
widely used for detecting the near surface defects as passive or
active methods [3]-[7]. The active methods can be frequently
pulse thermography PT, pulsed phase thermography PPT, or
lock-in thermography [7]-[9]. The development of these
methods has been made by thermogram interpretation methods
and by different kinds of heating source such as halogen
lamps, microwave, and induction [4], [7], [10]. The Laser,
which is monochromatic and unidirectional, has been also
used as the heating source for the infrared thermography,
especially for the small defects only such as the cracks [11]-
[14]. The uncontrollable beam of the excitation in infrared
thermography has caused the inhomogeneous heat and other
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eventually phenomena bringing the errors to the detections.

In this work, CO, Laser is used as the new excitation
system applied for the infrared thermography method. This
kind of laser, which is more powerful than the fiber laser,
enables to have a bigger heating area. As the Carbone Fiber
Reinforced Polymer CFRP is increasingly used in
strengthening and repairing methods on the civil engineering
structures such as beams, columns, slabs, walls and other
infrastructures in different environmental conditions [15],
[16], this CO, Laser infrared thermography is firstly put into
practice with the defect detection in CFRP sample.

II.Co, LASER EXCITATION SYSTEM

The laser excitation is provided by a powerful CO, laser
system used for cutting (Fig. 1). This type of laser has a
wavelength of 10.6 um, and it is equipped with a focus system
and shaped of the adapted infrared beam.

Deviation device

Fig. 1 CO2 Laser system

The deviation device is used to change the direction of
the laser beam. The principle of the laser beam deviation
towards the sample is shown in Fig. 2.

D1

¢, Lens 1: D= 20mm, f;= 127mm

Lens 2: 5= 127mm

rF s
B
<=

=

¥  Distance : d

Fig. 2 Schema of Laser beam operation onto the sample

The laser beam passes through the lens 1 and arrives a
mirror situated in the deviation device. Due to the mirror, the
beam changes its direction and continues its path until the lens
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2. By passing through the lens 2, the beam gets out of the
device and goes towards the sample. The lens 2 enlarges the
beam diameter in function of the distance d, which allows
heating the samples in a large surface area as expected. The
unidirectional criteria of the laser beam leads to heat any
samples with an accurate position. From Fig. 2, the diameter
of the heating area D can be determined by a simple relation:

(Dy/fy) = (D/d) (M

which deduces D = d-(D/f,)=0.1575-d

Or, the distance d to place the sample from the lens 2 can be
obtained, by using (1), in function of the desired diameter of
the sample to be heated (d=6.35-D). We observe that the
further distance the samples are placed from the lens, the
bigger surface area can be heated. Another remark is that the
distance is always much longer than the beam diameter on the
samples (6 times).

III. CFRP SAMPLES

Two samples of the same dimensions are prepared, one is
without defect, and another one is with defect. On a small
concrete slab 40 cm x 40 cm x 4.5 cm, is reinforced by the
carbon fiber reinforced polymer CFRP 22c¢m x 40cm (Fig. 3).

CERP

Ly Absence of
adhesive
10cmx 10 cm

40cm

Concrete

Fig. 3 Details of the CFRP samples

The CFRP consists of the Sikadur adhesive and the
bidirectional carbon fiber. The defect is the bonding failure
made by the absence of adhesive 10 cm x 10 cm at the middle
of'a sample.

IV. TEesT SET-UP

In order to respect to the safety instructions and the
protection against the laser beam, a protective mirror is used to
prevent the operator from the beam. The details of the test set-
up are shown in Fig. 4 and Fig. 5.

Separating the test area into two parts by the protective
mirror, the specimen and the camera are placed at the same
side with the laser lens; otherwise the acquisitions and
operator are at another side. The laser shot start-up is
controlled from the same side as the acquisitions too.

Protective mirror

Fig. 4 Schema of experimental test set-up
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Protective mirror

Infrared camera

Control of
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Fig. 5 Details of the test areas (a) Acquisition and laser shot control
(b) Sample (c) Detector

The position of the specimen is marked; at 3.5 m from the
lens (this distance is far enough to have the bigger diameter of
the laser beam on the sample than the dimension of the sample
surface area). An infrared camera sensitive to medium waves
in range of 3-5 um (different from the laser beam wavelength),
with a detector of 320 x 256 matrix detector in InSb (Indium
Antimonide), is placed at 3 m from the sample in 20° direction
(angle between the axis of the camera and the laser beam path)
so as to detect the whole area heated by the laser (Fig. 4).

The thermograms are recorded at regular intervals (1 image
per second) by the computer using the ALTAIR software. The
specimen is heated with a power of 300 W for 40 s. After the
thermogram record ends, the same procedure (the position of
the sample, the camera, and the lens remain the same) is
repeated with another specimen.

V. RESULTS AND DISCUSSIONS

A. Verification of the Determinate Area Heated by Laser
Beam

In order to verify the control of the laser beam used as a
new excitation system, a preliminary test is carried out with a
wooden plate, 1.2 m x 0.9 m x 1 cm, without defect. The plate
is placed at the distance of 3.5 m from the lens. The power of
300 W is used to heat the plate during 10s. The thermogram at
the instant of 5 s and the surface temperature evolution are
shown in Fig. 6. The small wavelength of this CO, laser, 10.6
um, which limits its penetration depth into the materials,
provide an efficiency of surface heating; the surface
temperature of the wood increase from 18 °C to 26 °C after 10
s of heating.

The thermogram displays the heating area as the circular
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one with the diameter of 0.58 m. This diameter determined by
using the relation (1) is 0.55 m (D = 0.1575 x 3.5 m). This
concordance confirms that the laser is the excitation, for
infrared thermography method, which can be controlled by its
optical properties to assure the heating on the precisely
detected area.
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Fig. 6 Temperature evolution and thermogram of wooden plate at the
instant 5 s

B. Results of the Test on CFRP

The sequence of thermograms is analyzed with the contrast
algorithm in Matlab program. The nonuniformity of the beam
(Gaussian) after passing through the lens in the deviation
device, produces an inhomogeneous heat generated on the
surface of the sample and may lead to misinterpretation. Thus,
the tests are conducted in two stages.

Applying the previous algorithm to all points of the
specimens’ surface (37 cm x 35 cm area is observed), the
thermograms at the instant 41 s is obtained as shown in the

Fig. 7.
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Fig. 7 Thermograms at the instant 41 s

Fig. 7 (a) shows the thermogram of the sample without
defect. This thermogram lets us see the circular form and the
nonuniformity of the laser beam on the specimen, which
proves the need of the sample without defect in the evaluation
of the sample with defect. It is noticed that the CFRP area is
more heated than the concrete area.

Fig. 7 (b) is the thermogram of the sample with defect at the
same instant 41 s, which shows also the inhomogeneous heat
in other areas apart from the defected one.

Fig. 7 (c) is the thermogram obtained by the subtraction
between the thermogram of the sample with the defect in

Fig. 7 (b), and the thermogram of the sample without defect

Fig. 7 (a) at the instant 41 s. As both samples can have the a
bit different initial temperature before the test, this thermal
contrast thermogram take into account not only the defect
(absence of adhesive), but also the contrast of initial
temperatures. Therefore, the thermal contrast in

Fig. 7 (d) is needed. This thermal contrast thermogram
subtracts the initial temperatures of the samples in order to
consider only the defect as the difference between both
samples. It shows clearly the defect at the middle of the
sample. The absence of adhesive makes it hotter than other
areas having no defect.

Fig. 8 shows a temporal contrast curve. It is the contrast
between the defected area and the healthy area (no defect) in
the thermogram presented in

Fig. 7 (d). This curve allows to set a time for which the
thermogram has a maximum contrast between the defected
and healthy area.
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Fig. 8 Thermal contrast between the defected area and the healthy
area

It is observed from this thermal contrast curve that at the
instant 41 s, the maximum contrast of 6 °C is obtained. This
high contrast value enables to visualize clearly the defect.

Suppose H an area without defect (healthy area), and D a
defected area, situated at the same position of both specimens
as shown in

Fig. 7 (a), and

Fig. 7 (b). Fig. 9 shows the evolution of average surface
temperature of those two areas on both specimens.
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Fig. 9 Temperature evolution of the defected and healthy area

In Fig. 9 (a), two curves of average temperature evolution
of the areas on specimen without defect are shown. The initial
surface temperature of the specimen is 15.75 °C for both
areas. Then, it increases rapidly after the laser beam arrives on
the surface of the sample. On the healthy area H, the
temperature rises till 23 °C; higher than the defected area D
which increases till 19.75 °C only. The difference in
temperature increase of these two areas is caused by the form
of the laser beam.

Fig. 9 (b) is for the case of specimen with defect. The
temperature increases from the initial instant 16.25 °C to 26.5
°C in the defected area D, and 23.5 °C in the healthy area. In
this case, the defected area has higher temperature raise than
the healthy area because of the bonding failure in the defected
area of this specimen.

After the heating period 40 s, the temperature relaxation
phase occurs for all the cases.

VI. CONCLUSION

The application of CO, Laser infrared thermography with
the CFRP displays prominently the accessibility of this
method in nondestructive testing NDT for composite materials
as other conventional infrared thermography. The dimension
of the laser beam shown on the thermogram of the wooden
plate confirms the advantage of the unidirectional
characteristic of the Laser allowing heating the samples with
the determinated position and area as expected. The
perspective of this work is to characterize the laser beam
(Gaussian) or increase the uniformity of the beam by using the
lens. The high power of the laser leads to a high performance
detection compared to other conventional surface heating
excitation.
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