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Abstract 

The article details the NDT technique of pulse thermography used for objective diagnosis of 

riveted lap joints construction. The degradation of materials manifesting in corrosion is inherent 

in the process of aircraft operation. One type of corrosion is galvanic corrosion occurring in the 

overlap joints (known as hidden corrosion). As a result of the potential difference between the two 

layers of the aluminum alloy skin, there occurs the phenomenon of oxidation of the material, 

producing corrosion products in the form of oxide compounds characterized by heat properties 

different than those of the base material. Active thermography techniques allow observing infrared 

energy, which changes due to the difference of thermal properties of the tested materials. 

 

 

1. INTRODUCTION 

 

Corrosivity is a very important phenomenon unfavourably affecting materials used in aviation. 

Corrosivity necessitates continuous aircraft surveillance during operation. The effect of corrosion 

processes is the damage of the material observed mainly on the surface of the material in the form 

of an accumulation of solid compounds such as oxides, rust and scale resulting from chemical 

reactions. These chemical reactions are caused by changing weather conditions, increased 

humidity and the working environment such as contact with sea water. In many cases, the aircraft 

structural component exposed to corrosion is the plated area of the lap riveted joints. As a result of 

the difference in potential at the interface between two materials, oxidation of the material occurs 

creating corrosion products in the form of metal oxides. In the case of aircraft structures made of 

light alloys (usually aluminium alloys), these are mostly aluminium oxides Al2O2*3H2O, whose 

molar volume is greater than that of pure aluminium. They accumulate between adjacent materials, 

causing local surface deformations. Continuous process of creating metal oxide contributes to 

fatigue. Ignoring this phenomenon may lead to deterioration in strength properties of joined 

materials as well as damage of the rivet connecting them. It is a kind of hidden corrosion called 

pillowing. 
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Fig. 1. Hidden corrosion (pillowing), the result of test with the use of DAIS system[1] 

 

The DAIS system measures the degree of surface deformation caused by the presence of solid 

metal compounds at the boundary between two materials. Using a number of different test 

techniques enables better verification of the research results. The authors used a pulsed 

thermography technique, which allows the registration of changes in infrared radiation emitted by 

the material. Based on the fundamental thermal coefficients (table. 1) for specific materials, the 

authors conducted preliminary tests to confirm the presented thesis. 

 
Table 1. Basic thermophysical properties of selected materials[3]. 

 
 

 

2. TEST RESULTS 

 

While performing preliminary tests, samples with the damaged anti-corrosion coating from the 

wing flap of Su-22 aircraft were used (Fig.2). The tests were carried out with pulsed thermography 

using EchoTherm. Hidden corrosion can manifest itself through the paint coating damage such as 

cracks, blowholes, etc. This causes the varnish layer flaking due to lack of adhesion to the surface. 

Anti-corrosion coating damage is caused by adverse external factors such as humidity, exposure to 

sea water or by contaminants introduced during the production stage. Thermographic results of the 

damaged paint coating are shown on the thermograph below (Fig. 2). 
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Fig.2. a) damaged anti-corrosion paint coating, 

b) thermograph of damaged anti-corrosion paint coating 

 

Hidden corrosion manifests itself mostly as a result of the material oxidation creating solid 

oxide compounds. In aircraft structures, because of the materials used in the plating, corrosion 

products are aluminium oxides. The resulting compounds are characterized by other thermal 

properties allowing their detection with thermographic methods. Preliminary tests were carried out 

on the object with riveted joints. Solids with other thermal parameters in relation to the base 

material (aluminium alloy) were introduced to lap joints. They cause disruption in homogenous 

intensity of infrared radiation emission on the surface of the tested object. The thermograph of the 

sample tested and the diagram illustrating the surface intensity of infrared radiation during cooling 

of the material are presented below (Fig.3). 

 

 
Fig.3. Thermograph of the sample tested and the diagram illustrating the surface intensity 
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3. SUMMARY 

 

Preliminary results with the pulsed thermography method show the capabilities of the selected 

technique for hidden corrosion evaluation in aircraft structures. With the method used we can 

easily and quickly check the quality and correctness of paint coating at the stage of application, as 

well as its status during operation (Fig. 2). The infrared technique offers opportunities for 

detecting material inclusions due to differences in thermal properties. With this technique a 

different infrared radiation wavelength is detected in the area where material compounds of 

different thermal parameters are present (Fig. 3). 
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