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Abstract. Infrared thermography is an NDT technique allowing the fast and safe 

inspection of aerospace materials. The active approach requires an external source 

of energy to produce a thermal contrast between the defective and the non-defective 

material. Several types of energy can be employed depending on the application. In 

this paper, the different active techniques are described and experimental results 

obtained by optical, mechanical and electromagnetic excitation are compared using 

a sandwich panel containing some of the most common types of defects found in 

aerospace components. Some insights are provided concerning the selection of the 

energy source for particular applications. 

Introduction  

Infrared thermography has been used for the nondestructive testing (NDT) of aerospace 

components for several years now [1]. The main advantage of thermography over classical 

NDT techniques resides in the possibility of inspecting large areas in a fast and safe manner 

without needing to have access to both sides of the component. Nevertheless, infrared 

thermography is limited to the detection of relatively shallow defects (a few millimetres 

under the surface), since it is affected by 3D heat diffusion. However, the most common 

types of anomalies found on aerospace applications, such as delaminations, disbonds, water 

ingress, node failure and core crushing, can be effectively detected and sometimes 

quantified using active thermographic techniques.  

 

Several configurations can be adopted depending on the particular application in sight and 

the available equipment. A passive or active approach can be used depending on whether 

the inspected part is in thermal equilibrium or not. For instance, the passive approach, i.e. 

without using an external source of energy, can be employed in the detection of water 

ingress right after aircraft landing when the thermal difference between the material and 

water is significant allowing defect detection. On the contrary, a thermal contrast needs to 

be created via an external source whenever the component is in thermal equilibrium. This is 

the most common type of approach since aerospace parts are usually inspected after being 

fabricated or in situ several hours after landing and is the subject of this paper. In the 

following paragraphs, the different experimental configurations experimental techniques 

and data processing algorithms in active thermography are described  
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1. Active thermography  

1.1 Energy sources 

Practically any energy source can be used to stimulate the specimen being inspected, from 

cold or hot air to water jets, or frequency and amplitude modulated acoustic waves [2]. The 

final decision on the energy source should be made depending on the application. Although 

there is no formal classification, a four group division can be devised according to the most 

widespread excitation forms [3]: optical, mechanical, electromagnetic or other. Optical 

energy is normally delivered externally, i.e. heat is produced at the surface of the specimen 

and then travels through the specimen to the subsurface anomaly (defect) and back to the 

surface. Mechanical energy on the other hand, can be considered as an internal way of 

stimulation, since heat is generated at the defect interface and then travels to the surface. In 

electromagnetic excitation, Eddy currents are externally induced to the material (electro-

conductor), and heat is produced internally from the circulation of these currents in the 

material.  

 

1.2 Experimental techniques 

There are different techniques depending on the stimulation source, basically: pulsed or 

modulated. The term step heating is also found in literature, referring to a long pulse 

excitation, and line excitation can be employed as well, i.e. the camera and excitation 

source moving while the specimen remains static or vice versa [1]. A specific nomenclature 

is adopted depending on the energy source. For instance, pulsed thermography (PT) and 

lock-in (or modulated) thermography (LT) are generally used when working with optical 

stimulation [2]. Data obtained by optical stimulation is commonly represented as 

thermograms, i.e. a map of the thermal patterns on the specimen surface, although other 

representations have been proposed as well, such as maxigrams (maps of maximum thermal 

contrast), timegrams (maps of the time of maximum thermal contrast), and diffusivity 

maps [2].  

 

In the case of mechanical stimulation, the terms thermosonics [4], ultrasound 

thermography [5] or vibrothermography [6] are adopted in either burst [7], i.e. pulsed; and 

frequency modulated or frequency/amplitude modulated configurations [8]. 

Vibrothermography (VT), either burst or modulated, requires much more attention to 

experimental parameters than the pulsed configuration [9], [10]: the pressure applied 

between the horn and the specimen, the contact area between the horn and the specimen 

and the duration of the stimulation have a great impact on the thermal response. The longer 

the transducer operates at the surface; the most heat is released at the contact surface, 

increasing the probability of damaging the area. 

 

Finally, electromagnetic excitation is achieved by inducing Eddy currents through 

electromagnetic coils and it is commonly referred as thermo-inductive thermography [11], 

induction thermography [12] or Eddy current thermography (ECT) [13]. As is the case for 

optical and ultrasound excitation, both pulsed [14] and lock-in [15] configurations can be 

used.  

 



1.3 Data processing 

Data obtained by optical stimulation in either PT or LT, is processed by the fast Fourier 

transform (FFT), which is commonly refer as pulsed phase thermography (PPT) [16], [17] 

in the case of pulsed thermographic data; and phase angle thermography [18] or phase 

sensitive thermography [19] in the case of modulated data. Results are presented in the 

form of phasegrams, i.e. a map of the specimen surface indicating the phase delay of the 

output signal with respect to the input. There are many other advanced processing 

techniques developed to improve the PT transient signal [20]. Thermographic signal 

reconstruction (TSR) [21] is one of such techniques. It allows reducing the amount of data, 

to de-noise the signal and to further process synthetic data using first and second time 

derivative images as well as the FFT, which considerably improve the signal-to-noise ratio. 

There are many other processing techniques available. Bibliography being abundant on the 

matter, interested readers can refer to the provided references for more details. 

 

These processing techniques can be applied to any thermographic regardless of the energy 

source used for stimulation. It should be pointed out however, that when all the 

experimental factors are correctly addressed in the case of vibrothermography, raw data 

present adequate contrast to detect defects and no advance processing is required. A simple 

cold image subtraction may help as well to improve contrast. In the case of line excitation, 

i.e. the specimen is fixed while the camera moves behind the source at a controlled speed; 

no temporal signal processing is performed. Images are reconstructed by retrieving the 

maximum thermal contrast for every pixel.  

 

In the following paragraph, a sandwich panel containing artificial defects representing some 

of the most common types of defects found in aerospace components is inspected by 

optical, mechanical and electromagnetic excitation. Results are compared and discussed. 

2. Example of applications on a sandwich panel 

Sandwiched structures made of a honeycomb core between two multi-layer carbon fibre 

reinforced plastic (CFRP) facesheets are very common in aerospace parts. This kind of 

structure is normally affected by anomalies such as delaminations (between plies in the 

facesheet), disbonds (between the inner facesheet and the core), water ingress, and core 

crushing. Possible causes for a delamination are either material contamination, e.g. dirt, 

solvents, moisture, oils, etc., introduced during manufacture or damage caused by in-flight 

operation. Core crush might occur after impact. 

 

A sandwiched panel, shown in Figure 1, was designed to simulate the most common defect 

types listed above. The panel consists of an aluminium honeycomb core of 1.6 cm between 

two 10-ply CFRP. The specimen is divided into five zones as depicted in Figure 1a. A 

photograph of the specimen, taken during vibrothermography inspection, is shown in 

Figure 1b. In Zone I, twenty (20) Teflon
®

 inserts of different dimensions and thicknesses 

are placed between CFRP plies at different locations and depths as specified in Table 1 to 

simulate delaminations between plies. In Zone II, six Teflon
®

 inserts of different 

dimensions were inserted between the adhesive and the core (top row) and between the 

facesheet and the adhesive (bottom row), simulating skin to core disbonds at those 

locations. In Zone III, twelve cells were filled with water to simulate water ingress into the 

core. Water was injected into the cells through small wholes perforated in the opposite face 

of the panel to avoid damaging the panel side facing the camera (to which the optical 



stimulation was directed). Zone IV contains two impacts at 4 J (left) and 6 J (right), which 

are intended to simulate real collisions. Lastly, Zone V contains three honeycomb core 

node failure regions covering 3, 5 and 10 nodes as indicated. 
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             (a) 

Figure 1. (a) Geometry and defect distribution of the honeycomb specimen, (b) specimen photograph 
during vibrothermography inspection. 

 

Table 1. Teflon
®
 inserts distribution for Zone I and Zone II. 

 

Zone I was first inspected using optical excitation using pulsed and lock-in techniques. It is 

possible to detect almost all of the defects from the PPT and LT phasegrams in Figure 2a 

and b, respectively, with the exception of defect #10, which has a size-to-depth ratio very 

close to unity (D/z10=1.2), see Table 1. Defect #18 has also a small size-to-depth ratio 

(b) 

Defect 

number

Thickness, 

t  [mm]

Lateral 

size,       

D  [mm] Between plies

Depth, 

z  [mm]

Ratio 

D/z

1 0.16 3 1 and 2 0.25 12

2 0.16 5 2 and 3 0.5 10

3 0.16 7 3 and 4 0.75 9.3

4 0.16 10 4 and 5 1 10

5 0.16 15 5 and 6 1.25 12

6 0.16 5 6 and 7 1.5 3.3

7 0.16 7 7 and 8 1.75 4

8 0.16 10 8 and 9 2 5

9 0.16 15 9 and 10 2.25 6.7

10 0.16 3 9 and 10 2.25 1.3

11 0.33 7 1 and 2 0.25 28

12 0.33 10 2 and 3 0.5 20

13 0.33 15 3 and 4 0.75 20

14 0.33 3 4 and 5 1 3

15 0.33 5 5 and 6 1.25 4

16 0.33 10 6 and 7 1.5 6.7

17 0.33 15 7 and 8 1.75 8.6

18 0.33 3 8 and 9 2 1.5

19 0.33 5 9 and 10 2.25 2.2

20 0.33 7 9 and 10 2.25 3.1

21 0.16 15 adhesive and core 2.5 6

22 0.16 7 adhesive and core 2.5 2.8

23 0.16 3 adhesive and core 2.5 1.2

24 0.16 15

face sheet and 

adhesive 2.5 6

25 0.16 7

face sheet and 

adhesive 2.5 2.8

26 0.16 3

face sheet and 

adhesive 2.5 1.2

Z
o

n
e
 I

Z
o

n
e
 I

I



(D/z10 = 1.5). However, defect #18 is thicker than defect #10 (t10 = 0.16 mm vs. t18 = 0.33 

mm). Therefore, it can be concluded that defect detectability by optical stimulation is 

affected not only by the defect size-to-depth ratio, but also by its thickness. The empirical 

rule of thumb of detectability D/z~2 constitutes a useful guideline [2].  

 

Although PPT phasegrams show better contrast for some inserts (defects #1 to 5 and #11 to 

17), the LT phasegram provide a better overall detection, being able to detect all defects 

from a single phasegram. This is a logical result since several hundred images at a single 

frequency where used to obtain the LT phasegram contrary to PPT, for which a large 

number of phasegram at different frequencies are obtained by processing a 2 times larger 

thermogram sequence, see [17] for details on PPT processing. 

 

Ultrasonic excitation was also used. As seen in Figure 2c, lock-in vibrothermography was 

able to detect 6 of the 10 inserts having a thickness t=0.33 mm, whilst a weak signature can 

be noticed for only a few of them having t=0.16 mm. Ultrasound waves travel through the 

specimen until they reach an air gap in the interface between the insert and the material, 

which allows the defect to vibrate generating heat locally. If little or no air is present, the 

heat signature would be weak at this location.  

 

  

 

(a) (b)  

  

 

(c) (d)  

Figure 2. Honeycomb specimen, Zone IV (impact damage) and Zone V (cut honeycomb cells): 
(a) synthetic PPT phase at f = 0.8 Hz, (b) LT phase at f = 0.002 Hz, and (c) composed maximum contrast 

thermogram from line inspection by ECT. 

Apparently, the thicker inserts are more likely to produce larger deformations than thinner 

inserts between plies, trapping air as a consequence. Hence, the preferred dissipation path 

for ultrasounds would be at these locations. Real delaminations however will behave 

differently. Results from ECT are shown in Figure 2d. This image is the result of a 

reconstruction of three line inspections to cover the whole area (Zone I). No processing was 

carried out in this case. The image reconstruction process consisted of retrieving the 
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maximum thermal contrast value for each pixel, which usually corresponds to the first 

available value after stimulation, and constructing a single image, i.e. a maxigram. At least 

11 of the 20 inserts can be clearly seen (defects #3, 4, 5, 8, 9, 11, 12, 13, 15, 16, 17 and 20), 

however with lower contrast than optical stimulation results. The presence of other 4 

defects can also be inferred (defects #2, 7, and 19). These results are encouraging. More 

tests need to be run (using higher excitation frequencies for example) to improve defect 

detection. 

 

In Zone II, all the inserts have a thickness of t = 0.16 mm, see Table 1. PT results processed 

by TSR clearly show the six inserts. On the other hand, both VT and ECT show only the 

four largest defects, with VT results having better defect contrast. It should be noted 

however that a 640x512 FPA camera was used for VT inspection whilst a 160x128 

microbolometer camera was used in the case of ECT. Water ingress in Zone III was 

successfully detected by optical PT, optical LT, and line inspection ECT (Figure 2a, b and 

d), although only a weak signature can be detected in the latter two. Water ingress was not 

examined by VT. Impact damages in Zone IV, at 4 and 6 J, are clearly seen in all cases. It is 

interesting to note that defects in Zone V, i.e. honeycomb core node failure, were detected 

only by ECT, even though the signal is relatively weak. It appears that electromagnetic 

stimulation is well fitted for the inspection of this type of defects since Eddy currents 

propagate at their vicinity generating heat at these locations. Optical excitation on the other 

hand, is not very effective in this case given that heat is generated at the surface from where 

it travels through the specimen in all directions. Suitable results by VT for Zone IV and 

Zone V were not available at this point. 

Conclusions 

Thermography based on optical techniques, in general, provide very good defect resolution. 

However, results are strongly affected by surface features and external factors such as non 

uniform heating and environmental reflections. Advanced signal/image processing is 

required to reduce their impact. For instance, PPT and TSR techniques allow detecting 

defects down to a depth of 2.5 mm, for defects having a size-to-depth ratio of 

approximately 2 and higher. Thermography using ultrasounds provide an interesting means 

for inspecting materials. It has the inconvenience of requiring a physical contact between 

the ultrasonic transducer and the specimen and that many experimental factors need to be 

addressed to obtain good results. Nevertheless, once all these factors are correctly 

addressed, inspection is extremely fast and results provide good defect contrast without 

processing. Cold image subtraction or the FFT can be used to improve contrast in some 

cases. Electromagnetic excitation is a relatively new field of investigation in active 

thermography. In this study only line inspection was used. Pulsed and modulated inductive 

excitations are currently under investigation. 
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