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Abstract
There are three thermographic NDE techniques under investigation that are of particular relevance to the power industry because they are
all designed to locate and image cracks in metallic components. These are: thermosonics (sonic IR, ultrasonically stimulated thermography);
laser spot thermographic imaging and pulsed eddy current stimulated thermography. The three techniques are explained and examples are given
of their performance in imaging well characterised cracks. Factors concerning the practical and reliable implementation of the techniques are
discussed.

is used to generate eddy currents in a component surface.
Cracks perturb the eddy current distribution and the
associated Joule heating can be imaged by an IR camera.
Details of the three techniques are given in the sections
below.

2. Thermosonics

For thermosonics (or sonic IR, vibro-thermography,
ultrasonically stimulated thermography), excitation is
performed by an ultrasonic plastic-welding horn pressed
against the test-piece. An investigation has been made of the
suitability of thermosonics for the detection of stress-
corrosion cracking in last stage steam turbine blades, one of
which is shown in Fig. 1. The blades are approximately 1
metre long and a crack near the root of the blade was
detected with the excitation horn applied at the blade-tip.
The blade was supported in a clamp which approximates
rotor-clamping. A clear image of a crack, figure 2a, was
obtained by the thermosonic technique. This image was
obtained using a 3 second excitation pulse of a 35 kHz
ultrasonic horn driven by a 400 watt power supply. The
image is a “dark-field” image obtained by subtracting from
the images collected during excitation an image collected
immediately prior to excitation. An integrated image was
formed by adding together all the frames collected during the
3 second excitation period. This integrating process combines
all the thermosonic emissions generated during excitation.
No significant improvement in image quality was achieved
for longer excitation pulses. The crack in the turbine blade

1. Introduction

Pulsed, optically stimulated, transient thermography is
an established non-contact, rapid inspection method that
detects defects set in a plane parallel to the surface such as:
delaminations and impact damage in composite materials or
adhesion defects between a coating and a substrate.
However, the conventional approach of pulse heating a broad
area of a sample surface, using high power flash lamps, is
unsuitable for the detection of surface cracks that develop,
predominantly, perpendicular to the surface. The detection of
such cracks in metallic components is a major concern for the
power generation industry. Whilst the industry has
traditionally used the established NDE techniques
(ultrasonics, eddy currents, magnetic particle, dye penetrant),
there is interest in investigating the potential of
thermographic based techniques to provide more rapid,
efficient and convenient inspection methods. This paper
reviews the progress and potential of three thermographic
inspection techniques that have been developed to image
surface cracks in metallic components.

The three techniques differ in the method of thermal
stimulation. For the first, thermosonics, the component is
vibrated by a high power ultrasonic excitation source, causing
defect surfaces to rub together, producing frictional heating
that can be imaged by an infrared (IR) camera. In the second
technique, a pulsed laser is used to produce a highly localized
heated spot on a component surface. If this spot is close to
a crack, lateral heat flow is blocked by the crack and the
thermal image of the spot becomes distorted, revealing the
location of the crack. In the third technique, induction heating

Fig. 1 : Last stage steam turbine blade. Circle indicates crack location.
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was large: ~34 mm in length with an opening varying between
5 and 50 µm along its length. However, the thermosonic
technique is capable of detecting much smaller cracks. Figure
2b is a thermosonic image of a ~8mm crack with an opening
of less than 1 µm. These results indicate that thermosonics
has the potential to act as a rapid in-situ screening technique
for the large number blades on a typical steam turbine rotor.

Thermosonics has the potential to be used instead of
dye penetrant inspection (DPI) and magnetic particle
inspection (MPI). A large number of DPI and MPI are
performed on power station components, on-site with parts
in-situ. DPI has the advantages of being cheap and portable,
but requires a long preparation time and has stringent
requirements on lighting conditions. Both DPI and MPI
involve liquid chemicals which are undesirable. A further
potential advantage of thermosonics over DPI and MPI is
that the problem of false-calls caused by scratches should
not occur with thermosonics; scratches do not generate heat
under ultrasonic excitation and so are not detected.

There are, however, a number of issues that have to be
addressed to ensure the successful implementation of the
thermosonic inspection technique. Since the horn is not
rigidly adhered to the test-piece, it is observed to chatter
chaotically, typically generating broadband harmonic content
in a non-repeatable manner [1,2]. The temperature rise
produced at a defect is a complicated function of vibration
mode, frequency and amplitude, crack size, morphology,
contaminants, etc. It has, however, been found that there is
little possibility of failing to detect a defect because it was
located at a vibrational node of a component. A full analysis
was made of the vibrational characteristics of the above
steam turbine blade which showed a very rich spectrum of
horn excitations that combined to give a comprehensive
coverage of the blade surface.

A correlation has been established between the
vibrations excited in a component and thermosonic heating
at a crack [3]. This entails monitoring the vibrations produced
in a component during excitation and computing their
integrated heating potential, taking full account of the
amplitudes and the frequencies of the many harmonics that
are usually excited. For each excitation, a “heating index” [4]
can be computed which has been shown to correlate well
with the strength of a thermosonic image of a crack. It has
also been shown that there is a threshold heating index that
must be exceeded to produce a thermosonic image of a crack.
It is recommended that the procedure of monitoring excited

vibrations and computing heating index is adopted to ensure
the reliability of a thermosonic inspection by avoiding the
possibility of missing a crack because excitation fell below
the heating index threshold.

3. Pulsed Laser Spot Thermography

Figure 3a is the thermal contour image of a laser heated
spot obtained 0.25 seconds after a 21W laser pulse of 50ms.
The centre of the laser spot, 1/e beam radius 1mm, was
approximately 1mm to the left of a crack. The test-piece was
stainless steel with a crack 11 mm long and ~3mm deep. This
crack blocked the lateral flow of heat from the focussed laser
heated spot to form the very obviously perturbed thermal
image.

A 3D numerical model has been developed to investigate
the theoretical sensitivity of the technique and to establish
optimum operating conditions. This model indicates the
technique to be able to detect defects as small as ~2mm long,
1mm deep with an opening of only 1µm. It also shows that
the maximum sensitivity is achieved when the centre of the
laser spot is a beam radius from the crack. Sensitivity
increases not only with excitation energy but also with
temporal profile of the laser pulse: a short pulse producing
a higher sensitivity than a long one of the same energy. In
this work a Laservall fibered diode laser was used at maximum
power of 21 watts and pulse length was set at 50 ms.

Figure 3b is a line profile across the laser spot thermal
image, Fig.3a, through the centre of the laser spot. The
feature that has been identified [5] as a metric of the crack
perturbation of lateral heat flow is the step change in
temperature caused by the thermal blocking power of the
crack. This feature can also be described as being a gradient
of temperature with distance that is significantly higher than
that occuring across the unperturbed thermal image of a laser
heated spot. Hence spatial derivative images of laser heated
spots show an enhancement of the crack and a suppression
of the heated spot. Whilst this is found to be the case for
first derivative images, greater suppression of the unwanted
spot image is achieved by generating second derivative
images.

Figure 4a is an example of a second spatial derivative
image of a crack and figure 4b is a dye penetrant image of
the same crack for comparison. The crack was 11mm long,
3mm deep crack with average opening of 24.5µm in an

Fig. 2 : a) Thermosonic image of turbine blade stress-corrosion
crack. b) Thermosonic image of an 8mm long closed
crack.

Fig. 3 : a) Thermal contour image of a laser heated spot, centred
1mm to the right of a crack. b) Line profile of
temperature across heated spot.
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austenitic stainless steel test piece. The image was produced
by combining the results of a raster scan of the test piece,
scan steps of 0.43mm in the x direction and 0.5mm in the y
direction. At each location of the scanning raster the laser
was fired and a sequence of thermal images was collected
using an IR camera. Thermal background was subtracted
from each thermal image, as for the thermosonic images
above, and second derivative images were generated for x
and y directions. An integrated second derivative image was
formed from all the frames collected from 0.05 s after the
extinction of the laser pulse to 0.3 s, at which time the
residual heating is found to be little above noise level. The
IR camera employed has a 60 Hz frame rate.

The composite scanning pulse laser spot image of the
crack, Fig. 4a, is remarkably similar to the dye penetrant
image, fig 4b. This new technique has the advantages: of
eliminating the long preparation time of the dye penetrant
technique and the undesirable liquids; of being deployable
remotely and of being suitable for automation. Unlike the
thermosonic technique, it is non-contact technique and the
laser excitation has none of the reliability problems of the
ultrasonic horn. However, being an optical excitation
technique, it is affected by the optical characteristics of the
surface of the component under investigation. The practical
sensitivity and reliability of the technique are under further
investigation.

4. Pulsed eddy current thermography

Eddy current stimulated thermography involves the
application of a high frequency (typically 50 – 500kHz)
electromagnetic wave to the material under inspection. For
pulsed eddy current (PEC) thermography [6 – 8] this is simply
switched on for a short period (typically 10 – 200ms); for
lock-in techniques [9], the amplitude of the high frequency
wave is modulated by a low frequency lock-in signal. Both
methods have been shown to image cracks in metallic
components, such as turbine blades. Vrana et al. [10] have
reported an analytical model for the calculation of the current
distribution, with the eddy current coil simplified to a linear
wire. Two fundamental defect models were introduced: the
notch; infinite in length, but finite in depth and the slot;
finite in length but extending completely through the sample.
The theoretical eddy current distributions and resultant
heating for the two fundamental defects types are shown in

Figs. 5a and 5b. The introduction of a slot in the eddy
current path results in a diversion of the eddy currents
around the tips of the slot, causing an increase in eddy
current density and resultant hot spots at the slot tips,
coupled with a cooler area at the centre of the slot where
eddy current density is decreased. The introduction of a
notch in the eddy current path results in a diversion of the
eddy current flow underneath the notch, resulting in an
increase in eddy current density and a resultant hot spot at
the bottom of the notch. The heat distribution for real defects
can be understood by considering the contributions from the
two modes; heating at the tips of defects due to lateral
diversion of eddy currents and heating at the bottom of the
defect due to medial diversion of eddy currents.

The above was investigated experimentally using as a
mild steel test piece containing a narrow, surface breaking
slot. A square coil was positioned normal to the test sample,
with the edge of the coil orthogonal to the slot. By varying
the coil position with respect to the tip of the defect, the
proportional influence of the two heating phenomena, Fig.5a
and 5b, was varied. An EasyHeat induction heating system
from Cheltenham Induction Heating Ltd, UK was used. A
current of 350 ARMS was applied to the coil for a maximum
of 200 ms. Excitation frequency is determined by the resonant
frequency of the circuit formed by the coil, the sample and
passive components contained in the work head of the
EasyHeat system. In these tests the frequency settled at
257kHz.

Figures 5c and 5d show the temperature distribution at
the sample surface for two positions of the inductor. When
the inductor is close to the tip, Fig.5c, of the defect there is
significant eddy current flow around the tip of the defect and
the heat distribution conforms to the predicted “lollipop”
shape, Fig. 5a. .When the inductor is close to the middle of

Fig. 4 : a) Second derivative image of a crack. b) Dye penetrant
image of the crack.

Fig. 5 : Schematic of eddy current distribution and resultant
heating for slot a) and a notch b). Thermal image of
eddy current heating caused by: c) currents flowing a
round the edge of a slot like defect and d) currents
flowing beneath a long defect.
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Fig. 6 : PEC thermography image of cracking in Ti 6424 sample

received support from, Rolls-Royce plc, Airbus, RWE npower
and Alstom Power.

References

1. Han X Y, Li W, Zeng Z, Favro L D and Thomas R L, Appl.
Phys. Lett., 81 (2002) 3188.

2. Han X Y, Zeng Z, Li W, Islam M S, Lu J P, Loggins V,
Yitamben E, Favro L D, Newaz G and Thomas R L, J. Appl.
Phys., 95 (2004) 3792.

3. Morbidini M, Cawley P, Barden T J, Almond D P and Duffour P,
J. Appl. Phys., 100 (2006) 104905.

4. Morbidini M, Cawley P, J. Appl. Phys., 106 (2009) 023504.
5. Burrows S E, Rashed A, Almond D P and Dixon S, Nondestructive

Testing and Evaluation, 22 (2007) 217.
6. Oswald-Tranta B, Nondestructive Testing and Evaluation, 22

(2007) 137.
7. Netzelmann U and Walle G, 17th World Conference on

Nondestructive Testing, Shanghai, China (2008).
8. Zenzinger G, Bamberg J, Dumm M and Nutz P, Review of

Progress in Quantitative Nondestructive Evaluation, 24 (2005),
1646.

9. Riegert G, Th. Zweschper and Busse G, Quantitative Infra Red
Thermography Journal, 1 (2004) 21.

10. Vrana J, Goldammer M, Baumann J, Rothenfusser M and
Arnold W, Review of Progress in Quantitative Nondestructive
Evaluation, 27 (2008), 475.

11. Wilson J, Gui Yun Tian, Ilham Zainal Abidin, Suixian Yang and
Almond D P, Accepted for publication in Journal of NDT&E,
(2009).

the defect, Fig. 5d, the path of least resistance is around the
bottom of the defect and the defect behaves predominantly
as a notch, Fig. 5b.

Figure 6 shows the result of PEC thermography
inspection of a halfpenny shaped fatigue crack in a Ti 6424
sample. The surface temperature distribution conforms to the
pattern shown in Fig. 5a, with a cooler area at the centre of
the crack, as expected with the slot. But the halfpenny shape
of the crack means that a build-up of heat is not apparent at
the crack tips, rather the eddy currents are free to flow
underneath the shallower areas towards the end of the crack,
as with the notch (Fig. 5b).

The experimental results are found to be in agreement
with numerical simulations. The change in the heating pattern
over time can be used to gain information about the defect
depth. Heating from deeper sources takes longer to reach the
surface. Numerical simulation has been proved to be a useful
tool for the study of PEC thermography. Future work will use
the knowledge gained from these tests to apply PEC
thermography to real defects in components, such as turbine
blades, with special reference to the optimisation of excitation
frequency, induction coil design and the development of
defect characterisation mechanisms. Further details of the
work can be found in [11].
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