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1. Introduction

1.1. Research Background and Objectives

As demand for light and rigid structures 
increases, the employment of composite materials 
is also increasing steadily. Among others, GFRP 
and CFRP are the most widely used ones, and 
CFRP is mainly used in case of requiring high 
rigidity. According as the prices of composite 
materials get cheaper than the past, the use of 
CFRP tends to increase more and more. In 
particular, the use of CRFP in the area of aero- 
space is increasing greatly. Recently, composite 
materials have been usually used in the main 
wings, ailerons and fuselages of aircraft and the 
rotor blades of helicopters [1]. In the case of an 
aircraft using composite material for rapid- 

moving structures, their physical reactions to 
external shock also become different from those 
of the existing metal structures [2,3]. While as 
for metal structures, external impact has the 
effect of elastic deformation or plastic 
deformation on the structures, as for composite 
materials, impact load can lead to the 
phenomenon of fiber tissue destruction as well 
as deformation in the composite materials, 
resulting in the problems of the weakened 
rigidity of composite structures, water penetration 
into a tiny crack and so on [4]. Hence, this 
study applied impact load to CRFP composite 
specimens by using the infrared thermography 
technology [5] and different light sources, and 
then investigated a method for detecting damage 
to composite materials more quickly and more 
accurately. 
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2. Experiment Materials and Apparatuses

The composite material used in the experi- 
ment was CFRP. Composite materials can be 
fabricated in a variety of forms according to the 
weaves of fiber tissues, and in the case of 
aircraft structures, composite materials in the 
form of plain weave are mostly used. Hence, 
this study used the composite materials 2.06 mm 
(2 mm) and 3.03 mm (3 mm) in thickness 
fabricated in the form of plain weave. The 
specimens were made in the size of 60 mm × 
60 mm to fit the measurable size of the impact 
tester, as shown in Fig. 1, and were fabricated 
as sandwich panels with honeycomb structure 
being inserted between the composite materials. 
For the materials of the composite, ARRIS 3K 
prepreg and T 300 UD were used, and plain- 
weave prepreg was bonded before and after UD 
prepreg. For the specimen 2 mm in thickness, 
CFRP was laid up to form 9 layers, and for 
3 mm, it was laid up to form 12 layers. As for 
the honeycomb core used inside, it was a 
honeycomb structure of aerospace-grade aramid 
fiber, and DuPont Nomex paper coated with 
heat-resistant phenolic resin was used for it. As 
for the honeycomb, it consisted of 1/8-inch 
cells, and used cells 0.93 inch in thickness. 
Functional properties is CTE –0.41 α⋅10-6/˚C, 
Specific Heat = 0.19 Cal/g⋅˚C, Thermal Con- 
ductivity = 0.025 Cal/cm⋅s⋅˚C.

When the thickness of the material is the 
same, the thermal conductivity are high, The 
lower the specific heat, the easier it is to detect 
defects. This is because the penetration depth of 
the heat increases when the same heat are 
applied to the specimen. The faster the heat is 
conducted, the deeper and wider the defect can 
be detected. However, considering the temperature 
saturation due to heat, the excitation frequency 
should be appropriately adjusted.

For the fabrication of impact test specimens, 
experiment was conducted by increasing impact 

from 1 J to 4 J and 8 J with an impact tester of 
drop impact type (Instron 9350), which is operated 
at KOLAS accredited institutions. The circumference 
of the impact tester's hammer was 20 mm.

3. Experiment Method 
 
Defect detection methods through infrared 

thermography can be largely divided into two 
kinds, passive methods and active methods. The 
method used for this experiment was lock-in 
infrared thermography method out of all the 
active methods, and it can calculate the size of 
defects by taking a particular stimulus as 
harmonic function and conveying it to the target 
object and then processing the response signals 
from the target object. To detect defects 
effectively, the lock-in phase technique was 
applied to the experiment, Active infrared 
thermography inspection is a method of detecting 
thermal energy emitted from the inspection 
object when energy is applied to an inspection 
object [6]. Three types of light sources were 
used for the experiment. The first one was a 
2 kW light source, the second one was a 2 kW 
near-infrared lamp, and the third one was a 
6 kW xenon flash lamp. In order to apply the 
lock-in thermography method. The device was 
constructed so that the output of the halogen 
lamp and the output of the near infrared lamp 
were the same. In the case of a xenon lamp, a 
temperature image by a short pulse method 

CFRP 3 mm CFRP 2 mm

Fig. 1 Specimen of honeycomb sandwich composite  
with water impregnation defects
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which cannot use the lock-in thermography 
technique was used. The experiment was carried 
out by using the reflection method, as shown in 
Fig. 2. As for the transmission method, the pilot 
experiment showed that no damage was found 
regardless of light sources, and thus only the 
reflection method was used. Perhaps the possibility 
of defect detection will increase, that CFRP 
specimen thickness is thinner than 2 mm and the 
honeycomb core thickness is than 12.5 mm 
thinner. As for the distance of light sources, 
excitation was carried out at a distance of 
500 mm. For the detection of damage, the 
lock-in method was used in the case of the 
halogen lamp and the near-infrared lamp, and 
only temperature graphs were used in the case 
of the xenon flash lamp. The light-source heating 
time was 2/3 seconds at different frequencies of 
100, 200, 800, and 1600 mHz, and in the case 
of excitation by the use of the xenon flash lamp, 
images obtained after applying one-time light- 
source impact, not frequency heating, were used. 
The selected a frequency of 200 mHz to obtain 
fast and clear defect images through preliminary 
experiments. Also, selected a frequency of 
800 mHz to check for the presence of defects. 
At 100 mHz, slightly better defect detection 
results were obtained, but detection of defects 
took longer. In addition, there was not a large 
difference between the defect images at 100 mHz 
and 200 mHz. For this reason, 200 mHz was 
selected. As an infrared thermal-imaging camera, 
this study used Silver 420 m Model (NETD: 
25 mK) made by French Cedip Company.

4. Experiment
 

4.1. Defect Detection by the Use of Halogen 
Lamp 

Fig. 3 shows lock-in thermography in case 
of heating for a period of the sine frequency of 
200 mHz by using the halogen lamp [7,8]. It is 
shown that the higher the impact energy applied 
to the specimen, the larger the size of damage. 
It is shown that greater damage occurs in     
the 2 mm-thick specimen than the 3 mm-thick 
specimen. And the thermography image shows 
that the diamond-shaped damage becomes nearly 
circular damage as the frequency is lowered. 
From Fig. 3 (a) and (b), it is found that impact 
with the energy of 1 J left indentation 
(deformation) on the 2 mm-thick specimen, but 

Fig. 2 Reflection & transmission infrared thermography 
method

1 J

(a) 2 mm (b) 3 mm

4 J

(c) 2 mm (d) 3 mm

8 J

(e) 2 mm (f) 3 mm

Fig. 3 Phase lock in infrared thermography of 
impact defect specimen by using halogen 
lamp (200 mHz, sine signal, halogen lamp )
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not on the 3 mm-thick specimen. It is judged 
that this is associated with the existence of 
breakage to the specimens caused by impact 
load. From (e) and (f), it is found that in case 
of indentation, plastic deformation occurred in 
the specimen. Particularly, while a cruciform 
bright image usually shows a damaged part, it is 
judged that the image of damage appeared in 
the dark circular image region. That is, it may 
be said that in case of breakage in an area to 
which impact energy was applied, change in the 
image appears as an image different from the 
image of no defect. Fig. 4 presents lock-in 
thermography images shown when heating at 
800 mHz with the halogen lamp. And it was 
found that the size of damage is small compared 
with Fig. 3. Particularly, with 4 J, some damage 
was identifiable only at the 2 mm-thick 
specimen, and the 3 mm-thick specimen showed 
no damage.

1 J

(a) 2 mm (b) 3 mm

4 J

(c) 2 mm (d) 3 mm

8 J

(e) 2 mm (f) 3 mm

Fig. 5 Phase lock in infrared thermography image 
of impact defect specimen using near infrared 
lamp (200 mHz, sine signal, halogen lamp)

4.2. Defect Detection by the Use of Near 
Infrared Lamp

Fig. 5 presents lock-in thermography shown 
when heating for the period of 200-mHz sine 
frequency by using the near-infrared halogen 
lamp. As in the experiment with the halogen 
lamp, it was found that the higher the impact 
energy applied to the specimen and the thinner 
the specimen, the greater the damage. The 
greatest difference from the experiment with the 
halogen lamp is the problem that as the material 
of CFRP composite in the form of plain weave 
appears clearly, it works as noise to the damage 
image. This showed that while it might be 
effective to use near infrared ray as means to 
identify the material surface, it causes difficulty 
in the detection of damage, compared with the 
method of using the halogen lamp. Fig. 6 shows 
images when heating at 800 mHz with the 

1 J

(a) 2 mm (b) 3 mm

4 J

(c) 2 mm (d) 3 mm

8 J

(e) 2 mm (f) 3 mm

Fig. 4 Phase lock in infrared thermography of 
impact defect specimen by using halogen 
lamp (800 mHz, sine signal, halogen lamp)
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near-infrared lamp. Overall, damage is not shown 
very well, compared with Fig. 5.

Fig. 7 is a thermography of a specimen 
impacted with 8 J at 100 mHz. The defects 
appeared a little clearer. However, there was no 
significant difference between the defect images 
at 100 mHz and 200 mHz.

4.3. Defect Detection by the use of Xenon 
Flash Lamp

Fig. 8 presents thermography temperature 
images shown when exciting the light source of 
6 kW instantaneously by using the xenon flash 
lamp [9]. All the images of Fig. 7 show damage 
images based on temperature gradients, not 
lock-in thermography of the previous experiment. 

1 J

(a) 2 mm (b) 3 mm

4 J

(c) 2 mm (d) 3 mm

8 J

(e) 2 mm (f) 3 mm

Fig. 6 Phase lock in infrared thermography image 
of impact defect specimen using near 
infrared lamp (800 mHz, sine signal, halogen 
lamp)

halogen
 lamp

(a) 2 mm (b) 3 mm

near 
infrared 

lamp

(c) 2 mm (d) 3 mm

Fig. 7 Phase Lock in infrared thermography image 
of impact defect specimen using near 
infrared lamp(100 mHz, 8 J, sine signal, 
halogen lamp)

1

(a) 2 mm (b) 3 mm

4

(c) 2 mm (d) 3 mm

8

(e) 2 mm (f) 3 mm

Fig. 8 Infrared thermography thermal image of 
impact defect  specimen using xenon flash 
lamp (2/3 sec, pulse signal, xenon lamp)
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They are thermography obtained at 2/3 seconds 
after flash went off. The shape of damage was 
similar to the image when heating at 200 mHz 
with the halogen lamp, but it was possible to 
identify clearer damage images. The greatest 
difference from the damage images using the 
halogen lamp is that while overall circular 
damage is found in the damage images of the 
impacted 8-layered 2 mm-thick specimen, only 
clear cruciform damage is found in Fig. 8 (e). 
Fig. 9 (a) shows thermography images and 
temperature graphs not treated with lock-in 
when heating at the period of 1600 mHz with 
the halogen lamp. The damage images are not 
clear, compared with the images using the flash 
lamp in (b). In particular, the results show that 
while the temperature gradient of damaged area 
in the case of the flash lamp is 0.30℃, the 
temperature gradient is below 0.19℃ in case of 
using the halogen lamp. 

When the lamp was heated at 200 mHz for 
one cycle, the temperature of the halogen lamp 
increased by 0.8℃ and the temperature of the 
near infrared lamp increased by 2.0℃.

Fig. 10 shows images that identified the 
surface area of indentation by removing flat 

parts after applying alumina power (5 μm) to 
show clearly the marks of indentation that 
occurred in the actual specimen. The damage 
size can be measured through thus distinguishing 
the damaged area. Tables 1 and 2 show the 
comparison between the actual damage sizes 
measured and the results of measurement by the 
thermography. 

Table 1 shows the size of indentation on the 
2 mm-thick specimen. It was found that the 
higher the impact energy, the greater the 
indentation actually appears. The damage sizes 
measured with thermography were found to be 
greater than damage sizes actually measured. In 
particular, the damage size measured with the 
halogen lamp was found to be greatest, and 
damage measured by the xenon flash lamp was 
found to be similar to or smaller than that 
measured with the halogen lamp. In addition, the 
damage size measured with the near-infrared lamp 
was the smallest measurement, but was greater 
than actual damage visible to the naked eye. This 
phenomenon also occurs in the 3 mm thick 
specimen in Table 2; as for the specimen 
impacted with 8 J, actual damage that appears to 
be a crack other than indentation was displayed in 
parentheses, and damage measured with 
thermography was equally found to be greater 

(a) 1600 mHz, 6 cycle; halogen lamp

(b) 2/3 sec ; xenon flash lamp

Fig. 9 Thermal image and temperature graph of 
defective specimen with heating time (2 mm, 
8 J)

1 J (2 mm) 4 J (2 mm) 8 J (2 mm)

1 J (3 mm) 4 J (3 mm) 8 J (3 mm)

Fig. 10 Defect indentation region of an actual 
specimens using alumina powder (2 mm, 3 
mm)
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than the actual damage. These findings show that 
if the actual composite specimen is impacted, 
greater damage than visible damage to the naked 
eye exists inside the composite material.

5. Conclusion

This study investigated a method for 
detecting damage to CFRP composite material 
specimens to which impact energy was applied 
by using the halogen lamp, the near-infrared 
lamp, and the xenon flash lamp. And as a 
result, the following conclusion was drawn. 

1) The most effective method for identifying a 
damaged region invisible to the naked eye 
was heating for time below 200 mHz with 
the halogen lamp.

2) As for a method for identifying the existence 
of damage within a short time, the xenon 
flash lamp showed excellent results, which 
were similar to the lock-in images using the 
halogen lamp, within 2/3 seconds without 
separate signal processing.

3) It was found that damage detection with the 
near-infrared lamp is an effective technology 
for identifying the surface of a test object, 
though inferior to the halogen lamp and the 
xenon lamp.

4) It was found that damage becomes greater 
according as impact energy to the specimen 
increases in 1 J to 8 J and thinner the 
specimen thickness .

5) In the case of actual specimens to which 4 J 
or greater impact was applied, damage 
detection by the use of thermography showed 
that far greater damage exists than the size 
of indentation visible to the naked eye.
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