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Abstract: In this work, a thermography non-destructive testing method applied to 

the damage detection in helicopter rotor composite blade is presented. Heat flow 

thermography enables a fast and non-destructive examination of rotor blades for 

typical defects such as air inclusions and delaminations. The experimental 

procedure was carried out in the Helicopter Technologies  Laboratory of the New 

Technologies Center of the Institute of Aviation. The inspection results are 

presented in this paper. 
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Streszczenie: W pracy zaprezentowano zastosowanie badań nieniszczących  

w poszukiwaniu uszkodzeń kompozytowej łopaty wirnika śmigłowca. Jako metodę 

do badań wykorzystano system termowizyjny. Przepływ ciepła pozwala na szybką  

i nieniszącą próbę łopaty wirnika w zlokalizowaniu typowych wad, takich jak 

pecherzyki powietrza i rozwarstwienia. Eksperymenty zostały wykonane  

w Pracowni Technologii Śmigłowców, w Centrum Nowych Technologii,  

w Instytucie Lotnictwa. Wyniki badań zostały przedstawione w pracy. 
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1. Introduction 

Thermography is one of the most common non-destructive testing method of 

composites. It is used to detect material defects (discontinuities, delaminations, air 

bubbles, cracks) and evaluate the structure of materials (thermo-physical 

properties, coating thickness) without having to change their performance. The 

need for such methods due to the spread of the composites [3], [4].  

The helicopter blade is a very important part of main rotor. It is a light weight 

construction but has to sustain heavy wind loads and harsh environment conditions. 

During lifespan the rotor blades underlie different types of loads due to 

gravitational, centrifugal and aerodynamic forces. Due to different stress situations, 

various kinds of damages can appear e.g. delaminations and cracks. To prevent the 

damage, the blades have to be inspected regularly, which can be done by non-

destructive testing methods [2]. Thermovision is widely used as non-destructive 

method of materials testing. Thermovision diagnosis makes use of time and space 

characteristics of object surface temperature distribution. This temperature may be 

a result of thermal processes taking place in object in working conditions (passive 

thermography) or may be a result of thermal activation (active thermography)  

[1], [2]. In this work the authors use the active thermography to diagnose the 

composite blade and finally experimental results are presented. The aim of research 

is to examine the structure of the helicopter blades and to determine areas in which 

this structure is affected by defects.  

2. Research object and work stand 

The object of the investigations is a blade from main rotor of the IS-2 helicopter 

presented in a work stand (Fig.1). The blade is made of a composite material. 

Dimensions of the investigated object are: length 3,25 [m], width 0,20 [m]. 

Approximate weight of the structure is 12,60 [kg]. 

In a test campaign the following measurement and analysis tools were used: 

 Main rotor composite blade of the IS-2 helicopter. 

 IR camera FLIR A615. 

 IRXBOX hardware module. 

 Halogen lamp 2,5 [kW]. 

 Computer with monitor. 

 IR-NDT power supply unit. 

 IR-NDT Base software and IR-NDT Pulse + Transient software module. 

The investigated blade was divided into 18 segments, of which one measurement 

consists of 3 segments. Tested blade should be cleaned and placed on a tripod 

before measurement. Picture of the thermal camera can not be disturbed by any 

reflections or streaks on the blade. After directing the camera to test, the 
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measurement programme is configured in the IR-NDT software and then it start the 

measurement. Segments of the blade should be investigated by a hot halogen lamp. 

 

 

 
 

Fig. 1. Active thermography setup for the inspection of composite blade 

 

Depending on the options we can choose from among two ways: halogen lamp 

placed on a tripod or holding it in the hands of the segments studied heat evenly 

while retaining the blade the same distance from the research object (0,05-0,10 

[m]). After measuring the resulting images should be examined for defects in the 

structure of the blade.  

In active thermography the material will be transported cold and the surface has to 

be actively heated with radiators. The different cooling of the surface will show 

possible defects within the material. The surface above an air gap (good heat 

insulator) will be hotter for a longer time in comparison to its surrounding and it 

can be observed with an IR-camera as “hot spot” [2].  
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3. Experimental results and analysis 

The tests were performed three times for the blade, under the same conditions. 

Measurements were performed according to test plan. Thermal tests were 

performed in three segments, then assembled the results into a single whole. As a 

result of the experiments were obtained thermograms (Fig. 2). The resulting 

material was used to test for further analysis using the IR-NDT software. By using 

modules, Pulse and Transient, analysis results were obtained. Then an assessment 

and analysis of material damage to the blades was detected. Of the darkener spots 

are visible, the graphs confirm the photos. In these locations are defects in the 

composite structure (Fig.3). 

Unfortunately, no standards or reference samples did not allow the identification of 

the depth of damage, as well as identification of the depth of damage, as well as 

identification of the damage type. The studies are considered preliminary in studies 

of helicopter composite blades and will be development in subsequent 

improvement in the helicopter technologies laboratory.  

 

 

 
 

Fig. 2. Thermal image taken from the measurement 
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Fig. 3. Thermal image of a test sample showing delaminations 

 

4. Conclusions 
 

The main objective of this study was to use a system based on thermal camera to 

assess the state of the composite blade structure. Active thermography is a 

powerful technique for the detection of defects like delaminations. This ND 

technique can be applied as well in the workshop just after the production.  

The study allowed to verify the status of blades. The lack of benchmarks will be 

completed soon, in the subsequent work carried out at the Institute of Aviation. 
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