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Abstract : Using a mobile photothermal probe we show that it is possible to detect rapidly
different type of cracks (emerging ones or not), their width being a few micrometers and their
depth being some hundredths of micrometers.

1. INTRODUCTION

Photothermal radiometry is a non destructive testing technique that owes its
development to recent technological advances in the domain of optics (laser sources and
infrared detectors), of electronics (data acquisition and real-time treatments), and computer
engineering.

Its principle consists in exposing a sample to a luminous excitation, and then observing
the induced temperature increase by an infrared detection chain. Modulated or pulsed excitation
are generally used, but one can choose non conventional methods such as pseudo-random. The
photothermal signal depends on the optical and the thermophysical properties of the sample, as
well as its structure (presence or not of defects).

Photothermal radiometry is non destructive (the temperature of the sample studied is
usually low increasing), contactless (optics excitation and radiometric detection) and only one
side of the sample needs to be accessible. These properties make the photothermal radiometry, a
method of analysis that is well adapted for industrial use.

Several studies have already been published concerning the use of photothermal
radiometry to detect emerging cracks [1-6 ,10], but only few papers have been dealt with the
non emerging ones detection and the characterization aspect [6, 7, 10]. So it was interesting for
our team to explore this two latter directions.

With this aim in view, we designed and built a laboratory equipment allowing an
analysis of various type of cracks (emerging ones or not) and permitting a fine studying (at a
scale of a few tens of micrometers) of the modifications of the photothermal signal induced by
the defects (in order to highlight the respective influences of opticat and thermal terms on the
signal construction and so to make easier in the future, the cracks characterization). We present,
hereafter, some results obtained with this latter system, in the case of emerging cracks in
reflecting or non reflecting material, and non emerging ones.

2. DESCRIPTION OF THE EXPERIMENTAL SET-UP

The experimental set-up device applies the flying spot laser technique [8-10]. The
excitation is then produced by a laser beam scanning the surface of the analysed sample. This
luminous beam is focalized, deflected at a speed varying between 3 and 6 cim/s, and illuminates
the surface of the sample with an oblique angle. The radiometric detection is assumed by an
infrared camera, equipped with a microscope lens so as to permit one to obtain a fine optical
resolution (See figure 1). In order to obtain a sufficient temporal resolution, this camera is
moreover used in line scanning mode (note that consequently, the thermogram obtained, now
called synthetic thermogram, does not represent a picture of the thermal scene, but the temporal
evolution of the signal coming from the same spatial line of the sample). '
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Figure 1 : The experimental equipment used

The experimental procedure used, consists in moving the laser spot, step by step in
synchronism with the horizontal motor of the infrared camera, along a line that is perpendicular
to the crack, of a distance corresponding to the elementary field-of-view of a pixel, and at each
step in acquiring a line of the synthetic thermogram. In this case, along the main diagonal of the
synthetic thermogram, we obtain the instantaneous photothermal responses of successively
excited surface elements; Along the upper and the lower diagonals, we obtain the photothermal
responses of the successive surface elements of the sample, before and after being excited by
the mobile light spot (in the first case the detection precedes the excitation, in the second case,
the detection follows the excitation).

Such a procedure first allows to obtain a flying spot type analysis without a true mobile
instrument. In a second time, it allows to get a synthetic thermogram rich in informations,
because giving access simultaneously (by the different diagonals of the picture) to the results
that would be produced by different experimental configurations which could be considered for
the excitation / detection couple.

3. RESULTS OBTAINED

The first synthetic thermogram (figure 2) is a 3D perspective obtained on a non-
defective sample. Due to the increase of temperature accompanying the laser beam, it is
characterized by a higher thermosignal value, on a trajectory close to the main diagonal. This
general aspect is characteristic of a non defective sample study.

Figure 2 : Synthetic thermogram obtained with a non defective sample
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The second synthetic thermogram (figure 3) was obtained with an emerging crack on a
reflecting surface. In this case, one does not observe a higher signal on a diagonal, but rather
on a vertical line. This latter result is due to the radiative properties that are different above the
crack and directly on the material. The defect (5 ym wide and 100 um deep) can be considered
as a micro black body with an emissivity close to 1, whereas the emissivity of the material itself
is only 0,05. For the same surface temperature, the radiative energy emitted by the crack is
abm; 20 times higher than the one emitted by the material. This explains the vertical upper
signal line.

1

Figure 3 : Synthetic thermogram obtained with a reflecting sample containing an emerging crack
(5 pm of width, 100 pm of depth)

Figure 4 was obtained when studying an emerging crack on a non reflecting surface. It
is characterized by a diagonal band of high value thermosignals, cut by a vertical band of lower
values. It should be further noted that the thermosignals are asymmetrical on either side of the
diagonal band. This phenomenon shows that such a crack induces two types of disturbances :
an optical effect and a thermal effect. .

The crack, with its lower thermal conductivity, tends to diminish the heat flux passing
through it. When the excitation beam is close 1o the crack, this is characterized by a relative
increase of the photothermal signal on the side where the beam is present, and a relative
decrease of signal on the opposite side. This explains the asymmetrical distribution of signal
observed on the diagonal band.

The optical effect is due to the simultaneous influence of the oblique excitation angle,
and of the important depth of the crack. When the beam illuminates the crack, the energy is
absorbed deep inside, on a zone that is not exactly in coincidence with the analysed line, The
portion of crack seen by the camera is consequently less heated, leading to lower thermosignal
values above the crack.

Figure 4 : Synthetic thermogram obtained with a non reflecting sample containing an emerging
crack (60 pm of width, 5 mm of depth) d
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The last image (Figure 5) concerns non-emerging cracks (metal coated with a dielectric
layer). It shows two bands of high thermosignal values : the first one being diagonal, and the
second being vertical, but of half the height. Furthermore, a peak appears at the crossing of
these two bands. The diagonal band has the same origin as the one described on figure 2 : it is
due to the temperature increase accompanying the laser beam at the outer-surface of the
material. The two characteristics of this synthetic thermogram are due to the vertical thermal
barrier induced by the crack. The peak of signal is due to the higher increase of the coating
temperature, when the spot is right above the crack. The half vertical band is due to the lower
decrease of the coating temperature, when the luminous spot is moving away from the defect.

Figure 5 : Synthetic thermogram obtained with a sample containing a non emerging crack
(100 pm of width and 5 mm of depth)

4. CONCLUSION

Due to this study, we can say that the method, as well as the equipment, allows for the
rapid detection of various type of cracks : emerging at the surface of reflecting or non-reflecting
materials, and non emerging.

We can also underline the interesting possibilities of this laboratory equipment, that
permit at a fine scale, a complete visualization of the thermal and optical effects due to different
types of cracks.

At last, with this laboratory equipment, and the informations it is able to provide, it
seems possible to appoach the dimensional characterization of the defects.

It is in this direction that we are currently working.
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