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ABSTRACT 

  
Recently, composite materials structure have been mainly used in the main wings, ailerons, and 
fuselages of aircrafts and the main & tail rotor blades of helicopters. As demand for light and 
rigid structures increases, the employment of composite materials is also increasing steadily. In 
the case of aircrafts using Composite Sandwich Panel  for rapid-moving structures, their 
Composite Sandwich Panel are subject to impact by hail, lightning, bird strike and soon. At this 
time, the impact can cause the destruction of fiber tissues in the composite materials as well as 
the deformation of the composite materials, resulting in the problems of the weakened rigidity of 
Composite Sandwich Panel structures, moisture penetration into a tiny crack and soon. Hence, 
this study conducted research on a method for rapidly detecting the location and type of 
moisture existing in the Composite honeycomb Sandwich Panel structure by using the infrared 
thermography. As a result of the experiment, it was confirmed that water flattening work is 
required to detect defects of the specimens.  
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1. Introduction  
  
This study used infrared thermography nondestructive testing (IRT-NDT) in order to detect the 
moisture-impregnating defects of composite materials. IRT-NDT is a defect detecting method, 
which detects infrared radiated from a specimen, converts the changes in the energy intensity of 
infrared light into electric signals, and displays the temperature distribution of the specimen. 
Defect detection methods using IRT can be divided into passive methods and active 
methods.[1,2] 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 
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a tiny crack and so on. This study was carried out to quickly detect the location and shape of 
water present in a composite honeycomb sandwich structure using infrared thermography.  
 
2. Specimen production and experiment method 
 
Various types, sizes, and depths of defects were fabricated with using composite materials to test 
if IRT could detect internal defects in honeycomb sandwich composite materials. CFRP and 
GFRP were used for the upper and lower surfaces of the honeycomb sandwich composite test 

specimens (Fig. 1). The used CFRP laminate was 300.0×300.0mm in size and 2.0mm in 
thickness. SKYFLEX WSN3KY (SK Chemicals) and Mitsubushi Rayon TR-30 (carbon fiber) 
were used. GFRP composite laminate was GEP7628 and E-glass was applied. The used 
honeycomb material was made by ACT Aero Grade Aramid Honeycomb (ACT). Heat resistant 
phenolic resin was coated on Nomax T412aramid paper. The cell size was 3.2 mm and the 
thickness was 10 mm. In order to simulate moisture-impregnation defects, the specimens were 
divided into four equal pieces. In order to detect defects in honeycomb sandwich composite, this 
study used the lock in phase  technology, which can convert thermography into a signal in a 
conventional IRT system to effectively detect the defects of flat plate specimens. The IRT testing 
device is composed of a light source heating device and an IRT camera. Moreover, the testing 
device was installed in a thermal insulation chamber to minimize the heat exchange between the 
test specimens and the outside. Two 1.0 kW halogen lamps were installed as a light source 1.0 m 
away from the specimens. Reflection and transmission heating methods were separately used to 
test the detection rate of defects according to the heating direction (Fig. 2).  
Silver 420m model (NETD: 25 mK, Cedip, France) was used as an IRT cameras. The surface of 
specimens was painted with black matte paint in order to satisfy the near black condition with a 
complete emissivity value of 1, which was required to increase the IRT detection sensitivity. 
 

 
 
Fig. 1:  Defect specimen                                         Fig. 2: Experiment method 
 
 
3. Water detection by using halogen lamp 
 
Nearly 100% of the defects in the part containing water were most visible. Defects appeared to 
be the faintest in the region containing 25% moisture and the defects were well visible as a 
whole. In particular, it was confirmed that a defect of 25% depth was detected when the light 
source was irradiated at a time of 1600 mHz (Fig.3). Because of the nature of the specimen 
impregnated with water, the water is located at the bottom, so it was judged that it would be 
difficult to detect by the reflection method which irradiated the light source from above. 
However, the experimental results confirmed that the detection of moisture defects is well 

126



observed overall. It is confirmed that the detection of defects becomes clear when the heating 
time of the light source is long. 
 

 
 

Fig. 3: Defect detection of moisture-impregnated reference test specimen using halogen lamp 
(GFRP)  

 
4. Comparison of detection by impregnation distribution of water 
 
Planarization specimens with uniformly distributed water downward are 100% and 75% 
moisture-containing. The defects were clearly visible in the area. 100% was clearly seen in the 
non-uniform test specimens, but it was confirmed that the defects appeared more clearly at the 
depth of 50% than 75% (Fig. 4). When water is impregnated into each cell of the honeycomb 
structure, moisture is attached to the wall of the cell, and it is confirmed that moisture is not 
located all downward. In order to reduce the error of the experiment, it was possible to test the 
state where the moisture was downward when the lower part of the specimens was hit lightly 
several times. It can be confirmed whether the water is included according to the image acquired 
from the actual structure, but it can be confirmed that the water inclusion rate and the 
quantitative determination must precede the work through the water leveling. On the other hand, 
when the water content in the specimen is small, it may be easy to detect the defect even if the 
water contains a small amount of water when the test is performed after various movements are 
made on the specimen. 
 

 
 
Fig. 4: Defect detection of specimens with irregular moisture using halogen lamps (GFRP) 
 
 
5. Conclusions 
 
Experimental results show that water leveling is required for quantification of defects in test 
specimens. It is easier to detect defects even if the amount of water is small, if the test piece is 
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shaken rather than the planarization of the water and the moisture is not uniformly positioned 
inside. 
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