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Abstract 
 
Non-destructive Testing (NDT) are techniques and inspection methods used to evaluate the presence of defects 
within the material without affecting its physical integrity. Among the main NDT methods, Infrared 
Thermography (ITR) and Shearography (SHR) are positioned as two of the most attractive and promising 
techniques, especially in the evaluation of defects in composites materials. 
 Infrared Thermography and Shearography are both, non-contact and optical techniques, based on the analysis of 
the temperature and strain patterns respectively, after the application of an external stimulation over the material 
surface. In this article the fundamentals of both inspection methods are reviewed, the experimental 
configurations, as well as data processing and their application to the inspection in composites materials by using 
pulsed-heating stimulation are described. Their advantages and limitations are also discussed. 
 
Keywords: infrared thermography, shearography, composite materials, pulsed-heating stimulation.  
 
1.  Introduction 
 
Composites materials represent one of the most important materials for several industrial 
applications due to its capability to combine different properties of two or more materials. 
Composites materials are widely used in the aircraft, automotive and oil industries to enhance 
physical properties such as stiffness, low density and chemical inertness.  Among the different 
NDT&E methods, shearography and infrared thermography are techniques with special 
features which are able to reveal important information concerning to irregularities present in 
the composite structure under study.  
 
While infrared thermography analyses the thermal behaviour of the surface under inspection, 
shearography analyses the deformation field of such surface once an external stimulation is 
applied.  However, in order to properly indentify internal irregularities, several inspection 
parameters (acquisition time and processing methods, external stimulation, etc.) must be 
optimized when the assessment procedure is developed.  
 
In this work, the application of shearography and infrared thermography to the inspection of 
composite materials using pulsed-heating excitation will be analyzed, It will be also 
examinated how  the parameters related to such excitation affect both techniques 
performances. The fundamentals and principles of both techniques are reviewed as well as 
their experimental configurations. Different tests are carried out over a composite material 
specimen with known artificial defects.  Advantages and limitations of both techniques are 
discussed in order to analyze their performances in different scenarios. 
 
 
 
 
 

5th Pan American Conference for NDT 
 2-6 October 2011, Cancun, Mexico

M
or

e 
in

fo
 a

bo
ut

 th
is

 a
rti

cl
e:

ht
tp

s:
//w

w
w

.n
dt

.n
et

/?
id

=1
12

82



2.  Principles of infrared thermography 
 
Infrared Thermography (IRT) is a non-contact and real time temperature sensing method used 
for the inspection of materials and structures using the principle that all the bodies with 
temperature above 0 K emit infrared radiation. Through the measurement of this emitted 
radiation, IRT allows the detection and characterization of internal defects by analyzing 
alterations or contrasts in the surface thermal pattern. 
 
As a NDT technique, IRT is basically divided in two wide groups: passive and active 
thermography. Passive thermography, which is often deployed under normal operational 
conditions of the structure under inspection, is based on qualitative analysis and no external 
stimulation is used to provoke thermal gradients in the inspected surface. On the other hand, 
active thermography approaches require the induction of an external stimulation in order to 
produce an internal heat flux within the material. Subsurface defects will affect the heat 
diffusion rate, producing then a thermal contrast on the surface being test [1]. Currently, 
various modes of external stimulation are available, i.e., thermal (Pulsed Thermography, 
Lock-in Thermography, Long Pulse Thermography, etc.), electromagnetic (Eddy Current 
Induction) and mechanical (Vibrothermography) excitations are the most widely used [4].  As 
mentioned above, this work is focused in the NDT using thermal excitation methods.  
 
2.1 Fundamentals of Pulsed Phase Thermography 
 
Pulsed Phase Thermography (PPT) [2] is one of the newest and more attractive testing 
technique which combines interesting features of two older approaches: Pulsed 
Thermography (PT) and Lock-in Thermography (LT).  The Fourier theorem states that any 
periodic or non-periodic wave can be approximated by the sum of purely harmonic waves 
oscillating at different frequencies. Using this concept it is possible to extract thermal waves 
oscillating at different frequencies from the response of the material after the application of a 
thermal pulse. That is done in a pixel by pixel basis using the one-dimensional discrete e 
Fourier Transform along the time axis of the thermal sequence: 
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In Eq. (1), T(k) represents the temperature as a function of time at location p in the kth image 
of the image sequence, Re and Im are respectively the real and imaginary parts of the 
transform, the subscript n designates the frequency increment (n=0,1…N) and ∆t is the 
sampling interval. The sampling interval ∆t, is introduced in Eq. (1) as a scale factor in order 
to produce equivalence between the continuous and discrete Fourier transforms [3].   Real and 
imaginary parts of Eq. (1) are used to calculate the amplitude and the phase of the transform: 
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In order to calculate the amplitude and phase of every single pixel of the image, it is necessary 
to record the thermal response of the inspected surface once a thermal pulse is applied to the 
material.  The range of frequencies span is from 0 to 1/∆t (i.e., the frame rate), where ∆t is the 
sampling interval between the images in the recorded sequence, while de frequency resolution 
is given by ∆f=1/(N.∆t), being N the total number of thermal images in the sequence [4]. 



 
3.  Physical principles of shearography 

 
Shearography, also known as SPSI (Speckle Pattern Shearing Interferometry), is an 
interferometric measurement technique that uses laser light to measure small deformations on 
the surfaces of materials in response to the application of a given excitation (i.e. thermal 
vacuum, vibration or mechanical). The shearography system is mainly comprised by the 
following modules: head sensor, illumination, external excitation modules and a specialized 
software. Figure 1 presents the laser and the head sensor which is basically composed by a 
high resolution digital camera combined with optical elements [3]. After the excitation of the 
structure of composite materials, their internal defects cause discontinuities in the strain field. 
These discontinuities are perceived by shearography in the form of anomalies in the 
interference fringes patterns, indicating the presence of flaws. Besides the high sensitivity, its 
main advantage as an interferometric method is the ability to be operated outside the 
laboratory environment [2, 3].  
 
 

 

 

Figure 1.  Shearography System 

  
 
 
 
 
 
 
 
 
4.  Non-destructive evaluation of composites materials by infrared 
thermography and shearography 



 
Non-destructive tests by PPT and shearography were performed in the specimen showed in 
Fig. 2. The specimen was prepared in a composite material (60 % fiberglass and 40 % epoxy) 
and with six (6) artificial defects placed at different depths  ranging from 0.6 to 2.1 mm. The 
defects were made of  EVA (ethylene-vinyl acetate) film placed between the layers and have 
square shape (30 mm x 30 mm).  Next section explains in details the experimental 
configurations of the techniques used for the composite specimen inspection. 
 

 
 

Figure 2. COMP1 Reference specimen studied with artificial defects at different depths 
 

 
2.1 Experimental configuration of the infrared thermography and shearography systems 
 
As shows Fig. 3, the inspection system is comprised by the thermal source, the measuring 
systems (shearography and thermography) and a PC for the acquisition and processing of the 
data stored.  The thermal sources are halogen lamps of 150 W and 1000 W.  Both thermal 
sources are used to determine under which radiation conditions the best results are obtained.  
As already mentioned, the thermal sources transfer heat by radiation to the material producing 
an internal heat flux which will be modified after propagating through defectives zones. The 
defects will alter the temperature distribution of the surface and also the strain field.  
 
When the inspection is done using infrared thermography, the measuring system is the 
infrared camera.  The infrared camera used is a SC500 Thermocam, with a spectral range of 
7.5 µm - 13 µm.  The infrared camera captures the infrared radiation being emitted by the 
object and converts that radiation in an electrical signal that is proportional to the intensity of 
radiation received at the detector. The result of this process is the thermal map (also known as 
a thermogram) of the surface under analysis.  
 

1th  3th  

5th  

2th  

4th  



In the other hand, when the inspection is done by shearography, the measuring system is the 
shearography inspection module. The deformation measurement is done always between two 
moments. The obtained images are computed from differences from the interferometric 
patterns. The fringe patterns are related to surface slopes and strains. Usually pairs of images 
are obtained at different times during the cooling of the specimen just after heating is stoped. 
 
 

 
 

Figure 3. Experimental configuration for the NDT by infrared thermography and shearography. 

 
2.2 Methodology applied to the NDT of the composite specimen 
 
This section discusses different parameters evaluated during the inspection of the composite 
specimen with both techniques: infrared thermography and shearography. In general, the 
parameters studied are associated to the application of the thermal excitation to the inspected 
material.  Referring once again to Fig. 3, the thermal excitation can be applied on both sides 
of the specimen. In the transmission mode, the heat flux is applied by radiation over the 
surface of the material, so the response of the surface is a function of the amount of heat that 
is transferred by conduction from one side of the material to another. In the reflection mode, 
the heat front produced by the thermal stimulation propagates through the material until it 
reaches zones with different thermal properties (or defective zones), reflecting back part of 
the thermal energy applied. Both modes of application are used in order to determine the best 
response. 
  
Other important parameter studied is the amount of energy that is delivered to the material. 
Such amount of energy transferred can be controlled by the duration of the thermal pulse and 



also by the distance between the heat source and the sample test.  However, important 
considerations must be taken in order to produce a uniform heating of the surface specially 
when working with shearography. Table 1 presents the parameters adopted on each inspection 
technique which from were the best results were obtained. 
 
 

Table 1. Optimum experimental parameters in infrared thermography and shearography  
 

Parameter Thermography Shearography 
Distance between the thermal 

source and the specimen 
240 mm 100 - 50 mm 

Excitation method Reflection Transmission and reflection 

Duration of the thermal pulse 10 s 5 s 

Power of the thermal source 150 W 1000 W 

 
5.  Results and discussions 
 
The tests were performed with thermal loading time of 5 seconds producing the images shown 
in fig. 4. For the left image the heat flow was distributed in the specimen, moving the lamp in 
circles on the same plane 100 mm from the specimen revealing cleary the defects 1th and 2th 
as fringe pattern on fig. 4(A) in the red circle. Note that the deeper one, 2th defect has more 
fringes. The other three defects on this image did not form complete fringes. The heat flow at 
that depth was not strong enough.  
 
Next the heat source was placed closer to the specimen and focused near on the deeper 
defects, 4th and 5th showed on the fig. 4(B) in the red circle. That second position lamp was 50 
mm from the specimen, heating for 5 seconds thermal loading. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
1th Defect 

0,3 mm Depth 



  
(a) (b) 

 

Figure 4. (a) First test Image, (b) Second test Image 

 
 
The right image shows more clearly fringes on the 4th and 5th defects, there was fringes 
formation on those defects, less fringes on the 5th defect where the heat flow was not enough 
to gain correlation image and form fringes.  Although there is a lack of correlation, it is still 
possible to qualify the defect with respect to its depth by comparing the image of other defects 
at different depths.  

 
Figure 5(a) shows a thermal image corresponding to 47 s after the beginning of the cooling 
process, while Fig. 5(b) represents the phasemap after the application of the Fourier 
Transform to the thermogram sequence. The total acquisition time and the sampling rate were 
of 100 s and 0.87 Hz, respectively. It is observed from the thermal image that the defect 
located at 1.5 mm depth was no identified clearly due mainly to the non-uniform heating of 
the thermal excitation. However, as showed in Fig. 5(b), the detectability level of deeper 
defects can be improved using phase information that is not dependent on local optical and is 
less affected by non-uniform heating.    
 

  

2th Defect 
0,6 mm Depth 

4th Defect 
1,5 mm Depth 

5th Defect 
2,1 mm Depth 
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Figure 5. Thermal IR images corresponding to 47 s after the application of a thermal pulse and (b) phase image 

corresponding   

 
 
6. Conclusions 
 
Both infrared thermography and shearography demonstrated to be useful tools for detection 
and evaluation of internal defects in composite materials.  On both techniques the key 
parameter was the amount of heat delivered to the surface as an external stimulation. 
Shearography requires a lower amount of heat (150 W compared to 1000 W used in TIR) than 
in infrared thermography, in order to clearly detect deeper defects. On both techniques, the 
detection of deeper defects can be attained increasing the amount of heat applied to the 
surface as a function of time.  Also it’s possible to extract the depth of defects using the fringe 
pattern and phase information. 
 
Infrared thermography present some disadvantages such as: emissivity variations and external 
reflections affect the temperature pattern. Also, there is a lack of information in the 
application of IRT in non-controlled environment. However, there is still a wide area in study 
the capabilities of IRT and improving their performance.   
 
Shearography is a technique faster than thermography. The thermal pulse for shearography 
requires less energy than thermography and the image process is almost instantaneous. For 
field applications this technique becomes faster than the infrared thermography. As a 
disadvantage, shearography is more sensitive to mechanic vibrations, what makes its 
applications more difficult in harsh environments. 
 
Infrared thermography and shearography are techniques with great capabilities in the 
evaluation of composites materials that can be complemented each others, improving the 
performances in the detection of defects.  
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