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Abstract 
                                                       
Infrared thermography is a nondestructive evaluation technique aimed to the detection of 
surface temperature variations related to the presence of subsurface defects. Several 
inspection techniques have been developed over the years with basically two approaches, 
lock-in thermography and pulsed thermography. These two techniques are based on the 
principle of heat diffusion and thermal wave reflection, but they differ in the way they are 
practically implemented. In lock-in thermography (LT), an amplitude modulated heat wave 
is applied to the inspected specimen in steady state. The presence of an anomaly is revealed 
by a phase shift between the thermal evolution for a non-defective region and a defective 
one. In pulsed thermography (PT), on the other hand, the inspected specimen is stimulated 
by a heat pulse of short duration and the surface thermal evolution is monitored in transient 
state. In this case, the thermal profiles of defective and non-defective regions on the surface 
will diverge at a given time, which is related to the defect depth. This paper presents some 
comparative results obtained with these two techniques for the case of aerospace materials. 
The advantages and limitations of each technique for both qualitative and quantitative 
analysis are discussed and illustrated with some examples. 

 
 

1. INTRODUCTION 
 
Infrared thermography has been successfully used as a nondestructive testing and 
evaluation (NDT&E) technique in many applications. Contrary to passive thermography, in 
which the objects or features of interest present naturally a thermal contrast with respect to 
the rest of the scene, the active approach [1] requires an external source of energy to induce 
a temperature difference between defective and non-defective areas in the specimen under 
examination. 
 
There are mainly two classical active thermographic techniques based on optical excitation: 
lock-in thermography and pulsed thermography. We describe these techniques in the 
following paragraphs discussing their applicability to aerospace materials.    
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1.1. Pulsed thermography 
 
In pulsed thermography (PT) [2, 3, 4] the specimen surface is submitted to a short heat 
pulse using a high power source such as photographic flashes, see Figure1. The duration of 
the pulse may vary from a few milliseconds (~2-15 ms) to several seconds depending on 
the thermophysical properties of both, the specimen and the flaw. After the thermal front 
comes into contact with the specimen’s surface, it travels from the surface through the 
specimen. As time elapses, defective zones will appear at higher or lower temperature with 
respect to non defective zones on the surface, depending on the thermal properties of both 
the material and the defect. The temperature evolution on the surface is then monitored in 
transitory regime using an infrared camera. A synchronization unit is needed to control the 
time between the launch of the thermal pulse and the recording with the infrared camera.  
 
The one-dimensional solution of the Fourier equation for a Dirac delta function in a semi-
infinite isotropic solid is given by [5]: 
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where Q is the energy absorbed by the surface [ 2J/m ] and 0T is the initial temperature [K]. 
At the surface (z = 0), Eq. (1) can be rewritten as: 
 

 
te

QTtT
π

+= 0),0(  (2)            

where ( ) 2/1
pcke ρ= [W s1/2 m-2 K-1] is the effusivity. 
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Figure1. Pulsed thermography experimental configuration. 

 
 



1.2 Lock-in thermography  
 
In lock-in thermography (LT) [6, 7], the specimen’s surface is periodically illuminated by 
one or several modulated heating sources, e.g. halogen lamps, to inject thermal waves into 
the specimen. The periodic wave propagates by radiation through the air until it reaches the 
specimen surface where heat is produced and propagates through the material. 
 
Internal defects, acting as barriers for heat propagation, produce changes in amplitude and 
phase delay of the response signal at the surface. Figure 2 depicts an LT experiment. The 
lamps send periodic waves (e.g. sinusoids) at a given modulation frequency ω, for at least 
one cycle, ideally until a steady state is achieved. 
 
Different techniques have been developed to extract the amplitude and phase information. 
Fourier analysis is the preferred processing technique since it provides single images, 
ampligrams or phasegrams (the weighted average of all the images in a sequence). 
 
The Fourier’s law one-dimensional solution for a periodic thermal wave propagating 
through a semi-infinite homogeneous material may be expressed as [8]: 
 

 )2cos()exp(),( 0 tzzTtzT ω
λ
π

μ
−−=  (3) 

where T0 [°C] is the initial change in temperature produced by the heat source, ω [rad/s] is 
the modulation frequency (ω=2πf, with f being the frequency in Hz), λ [m] is the 
wavelength; and μ [m] is the diffusion length given by [8]: 
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where ]/[/ 2 smck pρα =  is the thermal diffusivity, with k [W/m°C] being the thermal 

conductivity, ρ ]/[ 3mkg the density, pc  [J/kg°C] the specific heat; and f the thermal wave 
modulation frequency. 
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Figure2. Lock-in thermography experimental configuration. 



 
2. EXPERIMENTAL RESULTS 
 
2.1 Inspection of a honeycomb calibration plate 
 
The specimen used in this experiment consisted of an NDT&E standard aluminum 
honeycomb core sandwich panel with a multi-layer graphite epoxy face sheet (skin) 
depicted on Figure 3 (a).  The aluminum honeycomb core has two cell densities, and 
contains four types of fabricated defects: delaminations (simulated using Teflon® coated 
fabric), skin unbonds (fabricated using Teflon® coated fabric), excessive adhesive, and 
crushed core. This type of panel is commonly used in the aerospace industry for the 
calibration of NDT&E equipment. Figure 3 shows the results obtained by Lock-in 
thermography. 
 

                                                    
                                                                  (a) 
 

 

 
 

                         
                                       (f)                                  (g)                                 (h) 

Figure 3. (a) Photo of calibration plate - (b), (c), (d) and (e) phasegrams at 0.1 Hz, 
0.03 Hz, 0.02 Hz and 0.01Hz obtained by LT -  (f), (g) and (h) phasegrams at 0.04 Hz, 

0.03 Hz and 0.02 Hz obtained by PT. 
 

(b) (c) (d) (e) 



The first line of defects consists of Teflon inserts between the first and second CFRP layers 
(z = 0.127 mm). It is not detected at f = 0.1 Hz and hardly visible at f = 0.02 Hz. This 
inserts are very thin, complicating their detection. The second line of defects is thicker and 
is located deeper, in the glue (type FM300) between the CFRP skin and aluminum 
honeycomb core. These defects are detectable at f = 0.02 Hz (see Figure 3d). The third line 
of defects is easily detected in Figure 3b. Finally, the circles in the fourth line of defects, 
representing a crushed core, are also visible at different frequencies. 
 
These results highlight the limitations of lock-in thermography with respect to pulsed 
thermography. During an LT experiment, the specimen is thermally stimulated using a 
single frequency corresponding to the depth at which a defect, at a particular defect, can be 
detected. The experiment must be repeated using different frequencies to cover a wide 
range of depths. In addition, the experiment duration depends on the used frequency, tests 
at low frequencies, required to detect deep defects, last longer than tests at high 
frequencies. On the contrary, a PT experiment is very fast and the amplitude and phase 
information, at several frequencies, can be recovered from it through a Fourier 
transformation, following the Pulsed Phase Thermography (PPT) processing [2]. 
 
2.2 Inspection of Carbon fiber reinforced plastic (CFRP) specimens 
 
The specimens used in this experiment have been employed as material for primary 
structural members of aerospace pressure vessels in launch vehicles or satellites. CFRP has 
excellent properties of specific strength and specific stiffness. These specimens (CFRP) 
have three different shapes: planar (CFRP006), curved (CFRP007) and trapeze (CFRP008). 
All specimens contain 25 Teflon inclusions at different depths (0.2 < z < 1 mm) and several 
sizes (3 < D < 15 mm). 
 

 
Figure 4. Results with LT and PT. 

 
Phasegrams results obtained by optical lock-in thermography and pulsed thermography 
(through PPT processing) are presented in Figure 5. From this figure it can be observed 



that, for approximately the same modulation frequencies, PT is able to detect a greater 
number of inserts than LT. Interestingly, LT results improve with the number of images 
acquired during the experiment, see Figure 4. The objective of this experiment was to 
compare the number of detectable defects from both techniques. 
 
The first tests were performed on specimen CFRP006. Specimens CFPR007 and CFPR008 
were also tested by PT and LT using approximately the same modulation frequencies. LT 
results show that, 21 defects are detected in specimen CFRP006, 17 in specimen CFRP007 
and 16 in CFRP008, whilst the corresponding numbers when inspecting by PT are; 23, 22 
and 21, respectively for specimens CFRP006, CFRP007, and CFRP008.  
 

 
 

Figure 5. (a) CFRP006 - (b) CFRP007 - (c) CFRP008 - (d),(e) and (f) phasegrams at 
0.1 Hz obtained by LT - (g), (h) and (i), phasegrams at 0.15 Hz obtained by PT. 

 



2.3 Inspection of aircrafts rudders 
 
CF18 aircrafts from the Canadian Air Forces (Figure 6a) as well as their American 
counterparts the F18 from the US Navy have been in service for more than 20 years. Over 
the lifetime of these aircrafts, some of the flight control surfaces – such as rudders and flaps 
– made of honeycomb sandwich structures might be subjected to water ingress or impact 
damage.  

 
Figure 6. (a) Rudder section (picture) - (b), (c), (d), phasegrams at 0.03 Hz, 0.04 Hz and 

0.05 Hz obtained by LT - (e) phasegram at 0.045 Hz obtained by PT. 
 
This specimen was tested by LT and PT. The frequencies used in LT were: 0.03, 0.04 and 
0.05 Hz. Delaminations can be detected in at all frequencies, whilst the internal structure is 
better seen at low frequencies because the thermal waves probe deeper,  eq. (4). Figure 6e 
shows a phasegram at f = 0.045 Hz. The structure of the rudder is better seen by LT, 
Figure 6b and c. 



One of the most important parameters is the amount of energy delivered to the surface 
specimen. In this case, LT has a clear advantage over PT, since in LT it is possible to have 
a better control over the energy source more over, all the energy is devoted to the single 
tested frequency while in PT; the energy is dispersed among all the frequencies. 
 
 
3. CONCLUSION 
 
The two most commonly used active thermography techniques, pulsed and lock-in 
thermography, can be used in the NDT&E assessment of industrial materials. Selection of 
the most suitable energy source depends on the application. Optical pulsed thermography is 
fast and easy to deploy. Although data are affected by different problems (non-uniform 
heating, emissivity variations, environmental reflections and surface geometry), there are 
numerous processing techniques available to counter these problems and therefore to obtain 
prompt results of reliable quality, as well as quantitative information in some instances. 
Optical lock-in thermography allows better control of the energy deposited on a surface, 
which might be interesting if a low power source is to be used or if special care has to be 
given to the inspected part – for inspection of artworks for example. However, it requires a 
separate experiment for each and every inspected depth and there is a stabilization time 
before reaching a permanent regime.  
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