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Abstract – In this work, we approach the possibilities of infrared thermography for non-destructive testing
of metallic materials. We show that the passive alternative of the method makes it possible to improve
detection of surface defects existing in deep-drawn parts and visible to the naked eye. We then show that
active infrared thermography, in particular coupled with induction excitation, can replace in certain cases
the magnetic particle inspection, allowing the detection of very fine defects in forged parts. Finally, the
study of a stepped block confirms the possibilities of active infrared thermography to detect defects not
open to the surface and underlying defects.
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1 Introduction

The ever stricter requirements issued by customers of-
ten result in the need to carry out a quality inspection on
100% of the parts produced, thus requiring industrialists
to implement increasingly sophisticated non-destructive
testing strategies. In order to help industrialists to take up
this challenge, CETIM is performing a continuous techno-
logical watch on non-destructive testing techniques under
development and contributes to transfer the most promis-
ing techniques to the companies of the mechanical indus-
try. Infrared thermography is one of those techniques and
today it has become the reference method in many appli-
cations such as safety, inspection of electrical installations
or inspection of the thermal insulation of buildings. In-
frared thermography has some advantages: it is an overall
method and it has a significant potential for automation.
It has already been used successfully for a few years now
for nondestructive testing of materials with rather slow
thermal kinetics (composites, building construction ma-
terials, works of art, plastics, etc.). With the technical de-
velopments in faster testing equipment and data process-
ing tools, it is now possible to contemplate the application
of this technique to non-destructive testing of materials
with faster thermal kinetics, such as metallic materials.
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This is the purpose of this study. Non-destructive testing
of materials can be either passive or active. In the first
case, the method consists in analysing the radiation re-
sponse given spontaneously by the analysed sample. This
variant is more often used to detect surface defects such
as rather large cracks open to the surface. In the second
case (more suitable for the detection of smaller defects
or defects not open to the surface), the method consists
in applying an external excitation to the tested item and
analysing the photothermal response given by the sam-
ple. This method is generally used to detect delamination
in composite materials or separation of plated coatings
in works of art. In the study presented here, we will de-
tail the possibilities of both infrared thermography vari-
ants for non-destructive testing of metallic materials com-
monly used in the mechanical industry. Our presentation
is broken down into three parts. First, we will present the
principle of non-destructive testing of materials using in-
frared thermography. Then we will detail the possibilities
of passive infrared thermography to detect surface defects
in deep-drawn parts. Finally, we will review the possibil-
ities of active infrared thermography for the detection of
small defects in forged parts, in comparison with mag-
netic particle testing, and for the detection of defects in
a stepped block.
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2 Non-destructive testing by infrared
thermography

Infrared thermography is a non-destructive testing
method widely used in the industrial world, for instance
for thermal diagnosis of buildings, for safety or for the
inspection of electrical cabinets [1]. The passive variant
of infrared thermography consists in acquiring, using a
thermal camera, the radiation flux naturally emitted by
the examined body [2]. The image obtained, called “ther-
mogram”, can therefore reveal an abnormal variation of
the radiation flux and evidence a defect. This variation
may depend on two physical phenomena: an optical phe-
nomenon and a thermal phenomenon. In the first case,
the presence of a defect can generate a change in the ra-
diation properties of the surface of the analysed sample,
thereby allowing the detection of the defect. This hap-
pens with cracks open to the surface, for instance. In
that particular case, the radiation behaviour of the crack
can be compared to that of a micro black body. It gener-
ates an apparent emissivity value which can become much
higher than that of the surface of the analysed sample;
this can then generate a radiation flux peak just above
the defect, thereby allowing its detection [3]. In the sec-
ond case (thermal phenomenon), the presence of a defect
can generate some asymmetry in the spatial distribution
of temperature, which also leads to detection. This spatial
disturbance of the radiation flux is widely used in med-
ical applications of infrared thermography. If the parts
to be tested do not spontaneously give information as to
their preservation state, it becomes necessary to disturb
the tested sample and analyse its thermal response so
as to collect this information. This is therefore active in-
frared thermography [3]. Several disturbance modes can
then be used: the analysed material can be excited op-
tically (flash lamps, halogen lamps, laser, etc.), electro-
magnetically (eddy currents), mechanically (ultrasounds)
or by a hot air flow [4–11]. The selected method, the po-
sition of the source and the heating time are dependent
on the material to be tested, its thickness and the nature,
position and orientation of the expected defect. Further-
more, various excitation methods can be implemented: let
us mention flash lamp excitation, step heating excitation
or harmonic excitation. In order to study fragile materi-
als, such as biological materials or works of art, random
excitations can also be used [12]. Finally, for the selec-
tion of the experimental conditions, it is also important
to define the position of the camera and of the excita-
tion source with respect to the tested part: camera and
source on the same side of the part (reflection) or on both
sides of the part (transmission) and angle to be provided
between these different items to prevent spurious reflec-
tions [13–20]. All these different possibilities lead to many
ways of implementing the active infrared thermography
method and each way will answer a particular problem.
In this work, we have implemented three variants of ac-
tive infrared thermography: active infrared thermography
with flash lamp optical excitation, infrared thermography
associated with laser excitation, and infrared thermogra-
phy associated with eddy current excitation (induction).

Fig. 1. Thermogram obtained during the study of a sound
car suspension part.

3 Applications of passive infrared
thermography for the inspection
of deep-drawn parts

Deep-drawn parts can have various types of defects,
among which we may mention cracks or incipient cracks.
These defects result from excessive elongation of the ma-
terial, and they are likely to adversely affect the mechan-
ical characteristics of the part and, therefore, they can
embrittle it during its use. During production, chips may
also migrate in the tool and end up between the tool and
the material to be formed; the surface of the part then
has a mark. Customers usually do not accept these “cos-
metic” defects. As a result, industrialists in this sector
are looking for an on-line inspection method which would
be able to detect such defects. Since infrared thermogra-
phy has a significant potential for automation, we found
it interesting to take a look at its possibilities for the
inspection of deep-drawn parts. For this study, we exam-
ined three types of conventional industrial defects: cracks
in car suspension parts, incipient cracks and fissures in car
crankcases and, finally, appearance defects in car mount-
ing plates caused by chips which migrated. Now let us
examine the results obtained in this scope.

3.1 Detection of cracks in car suspension parts

The first study developed in passive infrared thermog-
raphy concerns the detection of cracks in car suspension
parts. These parts are 3 mm thick approximately, and
cracks can appear during the parts forming process. We
analysed sound and defective parts. The results obtained
are presented in Figure 1 for the sound part and in Fig-
ure 2 for the defective part. They clearly show that a
crack gives a higher radiation signal at the exact location
of the defect, thereby allowing detection.

3.2 Detection of incipient cracks and fissures in car
engine crankcases

The second study developed in passive infrared ther-
mography concerns the detection of incipient cracks and
fissures in car engine crankcases. For that purpose, we
studied three coated steel crankcases. The first one is a
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Fig. 2. Thermogram obtained during the study of a defective
car suspension part.

Fig. 3. Thermogram obtained during the examination of a
sound crankcase.

Fig. 4. Thermogram obtained during the examination of a
crankcase with an incipient crack.

sound crankcase, the second one has an incipient crack
and the last one has a through crack. As the previous
result showed the feasibility of the method, we wanted
in this new study to approach the experimental condi-
tions encountered at the outlet of a deep-drawing press.
For that purpose, we covered the crankcases with a film
of grease to simulate the drawing lubricant. The results
obtained are presented in Figures 3 to 5. Figure 3 cor-
responds to the thermogram obtained during the exam-
ination of the sound crankcase. Figure 4 corresponds to
the thermogram obtained during the examination of the
incipient crack; it shows a peculiar radiation signature
at the location of the crack. This shows the possibilities
of passive infrared thermography to detect this type of
defects in conditions close to those found in a factory.
Figure 5 corresponds to the thermogram obtained during
the examination of the cracked crankcase. Here again, a
higher radiation signal is visible at the location of the
defect, thereby allowing its detection. Finally, the com-
parison between Figures 4 and 5, shows that the radia-
tion signature of the defect is higher for a deeper defect.

Fig. 5. Thermogram obtained during the examination of a
crankcase with a through crack.

Fig. 6. Thermogram obtained during the examination of a
car mounting plate exhibiting an appearance defect caused by
a migrating chip (chip side).

Fig. 7. Thermogram obtained during the examination of a
car mounting plate exhibiting an appearance defect caused by
a migrating chip (face opposite to the chip).

This observation is interesting since it can pave the way
for dimensional characterisation of this type of defects.

3.3 Detection of appearance defects in car mounting
plates caused by migrating chips

The third study developed in passive infrared ther-
mography concerns the detection of migrating waste in
car mounting plates made of steel. This is an appear-
ance defect of industrial parts, caused by chips which mi-
grated in the tooling. As in the previous cases, Figures 6
and 7 show the possibility of detection of this defect, as
it changes the surface radiation properties of the part.

The interest of this third study, after laboratory ex-
periments, was the possibility to test the passive method
at the end of a production line. This study on an indus-
trial site was developed in normal production conditions.
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Fig. 8. Experimental device selected for the study.

Fig. 9. Sound part.

Fig. 10. Part exhibiting an appearance defect caused by a
migrating chip.

The parts were analysed as they travelled in the produc-
tion line; therefore, they were warm and covered in lubri-
cant. The infrared camera was installed at press outlet.
It continuously shot the parts to be inspected (Fig. 8).

During this measurement campaign, approximately
one hundred parts were inspected, among which
approximately ten defective parts. As in the previous case,
these defective parts were characterised by an appearance
defect (Figs. 9 and 10).

The results obtained during this on-site study are pre-
sented in Figures 11 and 12. Figure 11 corresponds to
the typical result obtained during the analysis of a sound
part. Figure 12 corresponds to an example of result ob-
tained during the analysis of a defective part. These fig-
ures clearly show that, even in an industrial situation,
the presence of a defect generates a radiation signature
which can be detected using passive infrared thermogra-
phy. This result is very interesting since it can pave the
way for real time, on-site detection of appearance defects.

Fig. 11. Thermogram obtained during the study of a sound
part.

Fig. 12. Thermogram obtained during the study of a part
exhibiting an appearance defect caused by chip migration.

4 Applications of active infrared
thermography for the inspection of metallic
materials

After this approach of the possibilities of passive in-
frared thermography for nondestructive testing of metal-
lic materials, we started to study the possibilities of
the active variant of the method. As a matter of fact,
in the case of fine defects or defects not open to the sur-
face, the passive method rapidly becomes unsuitable. In
such conditions, the signature of the defect searched for
is either lost in noise or it does not exist. Therefore, in
order to allow these samples to be studied, we imple-
mented the active variant of infrared thermography on
forged parts. This type of parts is usually inspected visu-
ally or subjected to magnetic particle testing. Visual in-
spection does not allow thin defects to be detected, and its
efficiency is limited when operators’ concentration is de-
creasing. Magnetic particle testing is a reliable and robust
method, but it requires chemicals and uses high electro-
magnetic fields. Consequently, it is a source of pollution
and furthermore it has effects on the operators and the en-
vironment. Therefore, it appears interesting to test more
environmentally friendly methods such as active infrared
thermography.

4.1 Study of forged parts

4.1.1 Detection of forging laps in a gear

The first sample we studied using active infrared ther-
mography was a cracked transmission gear (Fig. 13).
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Fig. 13. Analysed transmission gear.

Fig. 14. Thermogram obtained with passive infrared
thermography.

Fig. 15. Thermogram obtained with active infrared
thermography.

Following our previous studies, we first analysed this
sample using passive infrared thermography. The ther-
mogram obtained shows many reflection areas, and the
defect cannot be clearly identified (Fig. 14).

Then we analysed the gear using active infrared ther-
mography, with induction excitation. The result obtained
is presented after processing of the picture sequence. This
processing is a frequency analysis of the temporal evo-
lution of temperatures. Based on the series of recorded
thermal images, we calculated a Fourier transform of this
evolution, for each pixel. As this transform is a complex
series which depends on the frequency, it is possible to
obtain images which show the phase and the amplitude.
In our case, Figure 15 shows a phase image. The defect is
more clearly visible than with the passive analysis, which
therefore confirms the interest of active thermography.

4.1.2 Detection of forging laps in a hub

The objective of the next study was to assess the possi-
bilities of the infrared method to detect very small forging
laps located in a hub (Fig. 16).

The magnetic particle inspection shows that the stud-
ied hub has two cracks which are not visible with the

Fig. 16. Analysed forged hub.

Fig. 17. Magnetic particle inspection of the hub (flat face).

Fig. 18. Magnetic particle inspection of the hub (fillet radius).

naked eye. The first crack extends from the flat face of
the part to the fillet radius (Fig. 17). The second crack is
located in the fillet radius (Fig. 18).

Then we analysed this sample using active infrared
thermography and with three different excitation modes:
laser, flash lamp and induction. The results obtained are
presented in Figures 19 to 23. Figure 19 corresponds to
laser excitation, it shows an indication in the fillet radius
of the hub. However, this excitation source, which allows
good defect detection, is not compatible with the inspec-
tion rates on this type of industrial parts. Figures 20
and 21 correspond to the inspection of the hub after
optical excitation using a 3.5 kJ flash lamp; they show
higher photothermal signals at the location of the defects,
thereby allowing detection. In this case, the inspection is
much faster but it is susceptible to the variations of emis-
sivity of the part to be inspected. Finally, the last tested
excitation was induction. The principle is based on gener-
ating eddy currents in the part to be inspected by sending
a high alternating current in a coil located in the vicin-
ity of the part. These currents will heat the part through
Joule effect. Figures 22 and 23 show the most contrasted
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Fig. 19. Thermogram obtained during the examination of the
hub (laser excitation).

Fig. 20. Thermogram obtained during the examination of the
flat face of the forged hub (flash lamp excitation).

Fig. 21. Thermogram obtained during the examination of the
fillet radius of the forged hub (flash lamp excitation).

signatures of the methods implemented in this study. Fur-
thermore, the implementation of induction excitation is
compatible with the industrial constraints encountered in
a forging plant. This study demonstrates that induction
thermography is very interesting to detect micro-cracks.

4.1.3 Detection of cracks in a forged ball joint

Further to this very positive study, we continued our
investigations on a forged ball joint (Fig. 24).

The conventional magnetic particle inspection re-
vealed the presence of a crack over the entire length of
the ball joint (Fig. 25).

The result obtained with induction excitation ther-
mography is presented on Figure 26. It shows a white
line which corresponds to the photothermal signature
of the crack, further to a 140-ms acquisition which in-
cluded 70 ms of induction excitation and 70 ms of cooling.

Fig. 22. Thermogram obtained during the examination of the
flat face of the forged hub (induction excitation).

Fig. 23. Thermogram obtained during the examination of the
fillet radius of the forged hub (induction excitation).

Fig. 24. Analysed forged ball joint.

Fig. 25. Magnetic particle inspection of the forged ball joint.

The quality of the detection and the short time necessary
for the test confirm the interest of induction thermogra-
phy to inspect forged parts.

4.1.4 Detection of cracks in a threaded rod

Finally, the last industrial sample for which we present
results is a threaded rod. The magnetic particle inspection
revealed a longitudinal crack in the part (Fig. 27).
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Fig. 26. Thermogram obtained during the active infrared
thermography analysis of the forged ball joint.

Fig. 27. Magnetic particle inspection of a threaded rod.

Fig. 28. Thermogram obtained during the active infrared
thermography inspection of a threaded rod.

Fig. 29. Examined stepped block.

As previously, this sample was analysed using active
thermography with induction excitation. The result ob-
tained is presented in Figure 28. It clearly confirms the
previous results and therefore shows the interest of this
non-destructive testing method.

4.2 Study of defects not open to the surface

The last study we developed was aimed at approach-
ing the possibilities of active infrared thermography as
regards the detection of defects not open to the surface in
metallic samples. The sample we studied is a 6-mm thick
steel plate which was machined to obtain 5 steps with
thicknesses ranging between 2 mm and 6 mm (in steps
of 1 mm each). The examined defects are flat-bottomed
holes machined in each step. The diameters of these holes
are 1.5 mm, 3 mm, 4 mm, 6 mm and 8 mm respectively.
The depth at which each hole is located is equal to the
thickness of the step minus 1 mm (Fig. 29).

We studied this stepped block by means of infrared
thermography with flash lamp excitation, then by means
of infrared thermography with induction excitation.

The result obtained with flash lamp excitation in-
frared thermography is presented in Figure 30. First, this

result shows that this method actually allows defects not
open to the surface to be detected, then it gives a few in-
dications as to the limits of the method. On the one hand,
it shows that this method allows detection of defects with
diameters of 6 mm and 8 mm down to a depth of 5 mm,
and on the other hand it shows that the method allows
detection of a defect with a diameter of 3 mm down to a
depth of 2 mm. And, finally, it shows that, at a depth of
1 mm, all defects were detected.

Then we examined this stepped block using infrared
thermography associated with induction excitation. The
result obtained is presented in Figure 31. It first shows
that this method also allows defects not open to the
surface to be detected. Then it shows less diffuse defect
signatures than with the flash lamp excitation method.
Finally, it shows that this method allows detection of
flat-bottomed holes of 4 mm, 6 mm and 8 mm down
to a depth of 4 mm, detection of holes with a diameter of
3 mm down to a depth of 3 mm, and detection of holes
with a diameter of 1.5 mm down to a depth of 2 mm. This
active infrared thermography variant then seems to be the
variant which allows a wider detection of defects. It seems
to show the possibility to detect a defect at a depth equal
to its diameter. Therefore, this method could be used to
inspect thin plates and it might become useful to detect,
for instance, losses of thickness due to corrosion.

5 Conclusion

In this work, we tried to approach the possibilities
of infrared thermography for nondestructive testing of
industrial metal parts. We first tried to approach the
possibilities of passive infrared thermography. Within this
scope, we demonstrated that this method allowed defects
visible with the naked eye to be easily detected on deep-
drawn parts, in laboratory conditions and also at the end
of a production line. Therefore, this method may substi-
tute for the visual inspection and allow this inspection to
be automated by providing better detection of cracks and
incipient cracks than vision inspection. Then, in a second
study, we approached the possibilities of active infrared
thermography. For that purpose, we implemented three
different excitation sources: laser excitation, flash lamp
excitation and induction excitation. Within this scope,
we first demonstrated that this method allows the de-
tection of fissures in forged parts; these defects are not
visible with the naked eye and can only be detected by
magnetic particle testing. Then we highlighted the im-
portance of this type of testing, as it is more environmen-
tally friendly and much less harmful to operators’ health
than the NDT methods usually implemented (fluorescent
penetrant testing and magnetic particle testing), which
are potentially more polluting. We also demonstrated the
interest of induction excitation, which allows very thin
defects to be detected and gives access to very marked
radiation signatures, thereby making defect detection eas-
ier. Then we showed that the active infrared thermogra-
phy method also allows defects not open to the surface
to be detected, and we also highlighted the interest of
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Fig. 30. Analysis of a stepped block using infrared thermography with flash lamp excitation.

Fig. 31. Analysis of a stepped block using infrared thermography with induction excitation.
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induction excitation, which has better performance than
flash lamp excitation. Finally we empirically determined
that the photothermal method made it possible to detect
a defect not open to the surface (corrosion type) if its
depth was lower than its diameter. These results are very
encouraging and need to be completed, for instance by
better determining the limits of active thermography and
assessing the possibility of automation of such a testing
process. Studies on these subjects are in progress.
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