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Abstract
Conventional non-destructive testing methods are difficult to be applied in defect detection of thermal barrier coating (TBCs)
because of some of its characteristics, such as porosity and thin thickness, etc. For detecting surface cracks in TBCs, a laser
multi-modes scanning thermography (SMLT) method has been developed in this paper, combining fast scan mode using
linear laser with fine scan mode using point laser on the tested specimen surface. Linear scanning has a large detection
range and detection speed, and point scanning has a higher sensitivity. Through the theoretical analysis, numerical simulation
and experimental verification, five unique thermal response features of the cracks stimulated by two scanning modes were
discovered and summarized. These features in the thermal images include temperature sharply rising in local region, distinct
increase of the area of high temperature zone, obvious ‘tailing’, ‘dislocation’ and thermal obstruction phenomenon, respec-
tively. Therefore, with the corresponding post-processing algorithm developed here, the location and shape of surface cracks
in TBCs can be efficiently detected by analyzing the information of these thermal response features. Validation tests showed
that the surface cracks with the width of more than 20μm can be quickly detected in line-scan stage, while in point-scan
stage, the 9.5μm wide surface cracks can be accurately detected.

Keywords Laser multi-mode scanning thermography · Thermal barrier coatings · Surface crack · Threshold segmentation

1 Introduction

Thermal barrier coatings (TBCs) have been widely used in a
variety of gas turbine and diesel engine [1]. TBCs structure,
usually consisting of substrate, bond coat and ceramic coat,
is a typical multilayer system and each layer has markedly
different physical, thermal and mechanical properties. The
premature failure mechanism of TBCs has not yet been
clearly understood by now because of its complex struc-
ture and extremely harsh service environment. Surface cracks
in ceramic coating and interface cracks along the thermally
grown oxide interface (TGO) are the two main failure modes
in TBCs [2,3]. It is worth noting that a deep surface crack
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with a certain widthmay form a passage for high temperature
and oxygen, which accelerates the generation and extension
of interface crack and eventually makes TBCs off from the
substrate in advance [4,5].

At any rate, nondestructive testing of surface crack in
TBCs is apparently important and indispensable for both
the application and the improvement of the coating struc-
ture. Due to intrinsic properties of TBCs, such as porosity,
ultra-thin thickness (100–400 μm), and nonconductive, etc.,
some traditional NDT methods such as ultrasonic test, eddy
current testing and impedance detection, have limitations
with regard to the detection efficiency and defect local-
ization. Eddy current testing [6–8] is just an inspection
method applied to conductive materials. The information
of the bond coat thickness changing and pores size vary-
ing can be reflected through measuring the coil impedance.
This technology has a high sensitivity but it can’t detect the
exact location and shape of the cracks. Similarly, impedance
spectroscopy detectionmethod [9,10]measures the changing
coating electrical impedance caused by the variation of oxide
layer thickness and coating microstructure. Acoustic emis-
sion method [2,11] analyses the acoustic emission signals
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produced by extension of cracks. In response to this situa-
tion, infrared thermalwavenondestructive testing technology
(IR TWNDT) attracted the interest of many researchers in
recent years, because of its numerous advantages like large
detection area, fast detection speed, visual results images,
non-contact, and no damage.And some niceworks have been
done on the application of IR TWNDTF to NDT of TBCs
[12–15]. The position and depth of the defects in TBCs can
be obtained in lamp thermography [16]. Quantitative mea-
surement of the coating thickness during production has been
achieved in pulsed thermography [17]. The translucency of
ceramic layer in transient thermography was analyzed and
this affect can be eliminated by using a long-wavelength IR
camera [18,19]. Quality evaluation for TBCs has been stud-
ied by analyzing thermal stability and mechanical properties
[17,20,21]. Some additional effects on the heat conduction
related to the crack detection were analyzed and thought,
such as multiple reflections of the heating light beam inside
the sample, heat losses by convection and radiation [19,22].
But for surface cracks by using IRTWNDT, the typicalmulti-
layer materials, the thin thickness, porous and low thermal
conductivity of ceramic coat in TBCs, the interference of
the bond coat and substrate, may be the limiting factors of
IR TWNDT applied to the surface cracks detection. And
related works are mainly focused on some simple structures
like steel plate which has single material and high thermal
conductivity [22–25]. A ‘flying spot camera’ system heating
a sample with a moving laser spot and observing the tem-
perature change with an IR detector was developed to detect
crack in metal materials [26,27]. Similarly, a ‘line scan cam-
era’ system was used to inspect the defects in large aircraft
fuselage [28,29].

With laser scanning system and IR camera, a new ther-
mal excitation method called the laser multi-mode scanning
thermography method is proposed in this paper to detect the
surface crack in TBCs. Compared with most of the surface
heating used in the existing methods, the thermal response
features stimulated by the linear laser are clearer and more
intuitive. The scanning process is divided into two stages:
line-scan stage (rough scanning) and point-scan stage (fine
scanning). In the first stage, a linear laser scanning on the
specimen surface, the thermal images collected by IR camera
will present unique thermal response features when the laser
scanned crack defects, and subsequent thermal images anal-
ysis based on these features can obviously reveal the shape
and position of the defects. In the process of Line-scan stage,
there may be some fuzzy areas where it is difficult to deter-
mine whether there is a crack or not, and this is often caused
by the too narrow crack width and low resolution of IR cam-
era. For these suspected crack areas, the Point-scan stage can
be implemented to detect the narrower crack defects. Line-
scan stage, with a rapid scanning speed can quickly detect
the wide crack defects in large area range. Point-scan stage,

with high sensitivity, has a better resolution of narrow crack
defects. Combination of two scanning modes can alleviate
the contradiction of defect detection time and the detection
sensitivity, making the defect detection more efficient. Val-
idation tests on real TBCs cracks showed that the SMLT
method developed in this paper can efficiently detect the sur-
face cracks with a width of 9.5μm or more.

2 Principle of Laser Multi-mode Scanning
ThermographyMethod

In order to achieve rapid and accurate detection of micro-
cracks of TBC surface, detection process of using the
developed lasermulti-mode scanning thermography (LMST)
method is divided into two stages: line-scan stage and point-
scan stage. Their respective principles are introduced here.

2.1 Detection Principle in Line-Scan Stage

2.1.1 Theoretical Analysis

The heat conduction process when line laser scanning speci-
men surface should be firstly understood to better investigate
the thermal response features of defect region. When excita-
tion source of linear laser is applied, a thin layer ofmaterial on
the specimen surface is instantly heated to a high temperature.
Then heat conduction occurs from the surface to the interior
of the specimen, resulting in a continuous decline of the sur-
face temperature. Ignoring the air convection heat transfer
between the surface and the ambient air and the diffusion
heat in the horizontal direction, heat conduction process can
be simplified as a one-dimensional heat conduction along the
thickness direction in adiabatic boundary [30]. The decrease
of the surface temperature T with time t is expressed as fol-
lows [31]:

T (t) = Q

ρCL

[
1 + 2

∞∑
n=1

exp

(
−n2π2

L2 αt

)]
(1)

where Q is the total heat energy deposited on the specimen
surface, ρ is the material density, C is the specific heat, L is
the specimen thickness, α is the thermal diffusivity, and t is
the time. Equation (1) shows that surface temperature of the
specimen is closely related to the thermal diffusivity.

However, the existence of surface crack that is filled with
air changes the local morphology and thermal parameters of
TBCs surface. The thermal conductivity of ceramic (normal
region) and air (defect region) is respective 1.5 (W ∗ (m ∗
◦C)−1) and 0.07(W∗(m∗◦C)−1), which means that the heat
transfer will be obstructed and the temperature at the defect
will be higher.

123



Journal of Nondestructive Evaluation (2018) 37 :30 Page 3 of 10 30

Table 1 The thermal and
physical properties of TBC
model

Structure and material ρ/ (kg*m−3) C/ (J*(kg*◦C)−1) λ/ (W*(m*◦C)−1)

Substrate (GH4037) 8400 377 10.9

Ceramic coat (TGR-03,ZrO2 + 8%Y2O3) 5400 600 1.5

Air 1.2 1005 0.07

When the line laser is scanning on the specimen surface
with crack defects, the surface temperature distribution (T )

at each position (x, y) is divided into four parts: the temper-
ature of the unheated intact region T0−back ; the temperature
of the heated intact region T0−heat ; the temperature of the
unheated cracks region Tcrack−back ; the temperature of the
heated cracks region Tcrack−heat . The specific expression is
as follows:

T (x, y, t) = {
T0−back(t), T0−heat(t),

Tcrack−back(t), Tcrack−heat(t)
}

(2)

From the Eq. (2), it could be expected that if using a linear
laser instead of planar laser to scan a TBC specimen surface
with a crack, abundant distinct features related to temperature
variation may be emerged in temperature fields. These fea-
tures of temperature variation include both in spatial domain
and temporal domain variations. Compared with other ther-
mal excitation modes, some of these features may be unique
one, which could be applied to fast NDT for surface cracks
in TBCs.

According to the above basis, the corresponding simula-
tion by ABAQUS is also carried out, and the characteristics
of thermal response of a crack by using linear laser scanning
and heating are analyzed and summarized.

2.1.2 Finite Element Simulation and Features Analysis

The used physical parameters of the TBCs model are from
the document, which is shown in Table 1. The size of the
simulated TBC specimens is 20×20×2mm3, the thickness
of the ceramic layer is 400μm, and a crack near the center
of specimen surface has 100μm width and 200μm depth.

It is important to note that a real specimen with a crack of
unknown location and direction, will show different temper-
ature responses when the direction of linear laser scanning
is parallel, perpendicular or intersecting with the crack. In
order to simulate real detection procedure, the linear heat
source scanned across the crack in different directions: verti-
cal scanning (Fig. 1a), inclined scanning (Fig. 1b) andparallel
scanning (Fig. 1c).

In the process of vertical scanning, the direction of linear
laser scanning and heating is perpendicular to that of crack
length (Fig. 2a). Since the radiation coefficient at the crack
is higher than other positions, meanwhile, the crack surface

area available to adsorb heat is also larger than other normal
region, thus the temperature at the intersection position of
linear heating source and crack has a significant rise (Fea-
ture 1, Fig. 2b). The heat dissipation rate at crack is slower
than other positions, which makes the temperature image
change near the crack, generating high residual temperature
after linear laser scans the crack. Fig. 2c shows that a linear
temperature image is dragged, and a ‘tailing’ phenomenon
(Feature 2) behind the linear laser obviously appears for a
relatively long moment along with the linear laser scanning
going through the whole crack defect.

In the process of inclined scanning, the linear laser is scan-
ning at a certain inclined angle with the crack (Fig. 3a). It’s
worth noting that, apart from a higher temperature region
at intersecting location between linear laser and the crack
(Fig. 3b and c), another obvious phenomenon, ‘dislocation’
in temperature images (Feature 3) near the crack, often occurs
for inclined scanning (Fig. 3b). This is because the upper end
surface and lower end surface of the crack is disconnected
and discontinuous, in which thermal conductivity is blocked
and drastic changes. When scanning on the crack, the linear
laser is heating on different stagger position of upper end
surface and lower end surface, respectively. These reasons
above cause the ‘dislocation’ phenomenon in the tempera-
ture image. In addition, a ‘tailing’ dragged behind the linear
laser during inclined scanning is also distinct (Fig. 3c).

In the process of parallel scanning (Fig. 4b), when the
linear laser has scanned the crack, the temperature at the
overlapping region elevates to the highest. And the area of
with high temperature increase to the peak (Feature 4) after
the linear laser just scans through the crack (Fig. 4c) and the
dragged phenomenon also occurs.

In Line-scan stage, vague shape and low contrast in tem-
perature images with slightly high temperature may appear
usually due to the narrow width of tested crack and low res-
olution of IR camera. For these suspected defect regions,
Point-scan method is developed to further ascertain them.

2.2 Detection Principle in Point-scan Stage

Since the thickness of TBC structure is much smaller than
its length and width, if ignoring the thermal conduction in
thickness direction, a point heating process can be described
by the law of two-dimensional Fourier heat conduction:
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Fig. 1 Multi-angle scanning through the crack with linear laser. a Vertical scanning, b inclined scanning, c parallel scanning

Fig. 2 Variation of temperature field during linear laser vertical scanning. a Before scanning. b During scanning. c A ‘tailing’ dragged behind the
linear laser after scanning

Fig. 3 Temperature field variation during linear laser inclined scanning. a Before scanning. b A ‘dislocation’ and higher temperature region at
intersecting location during scanning. c A ‘tailing’ dragged behind the linear laser after scanning

Fig. 4 Temperature field variation during linear laser parallel scanning. a Before scanning. b The temperature at the overlapping region is the
highest during scanning. c After scanning
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qx (x, y) · �i + qy(x, y) · �j
= − λ(x, y) ·

(
dT (x, y)

dx
· �i + dT (x, y)

dy
· �j

)
(3)

where, T is the temperature on specimen surface, �q is heat
flux density, and λ is the thermal conductivity of material.

During the scanning process of a point heating source, the
absolute value of temperature gradient can be expressed as:

∣∣∣∣dT (x, y)

dx
· �i + dT (x, y)

dy
· �j

∣∣∣∣
=

∣∣∣qx (x, y) · �i + qy(x, y) · �j
∣∣∣

λ(x, y)

= Q ·
[

1

r0 · λ0
,

1

rcrack · λcrack

]
(4)

where, Q is the heat fluxparameter, associatedwith the power
of the point heat source, r is the distance from a tested point
to the center of the point heating source. For TBC surface
with surface cracks, the distribution of thermal conductiv-
ity λ can be divided into two parts: surface crack region
λcrack(λcrack ≈ λair ) and intact region λ0 (λ0 = λceremic).
Here, the thermal conductivity of air λair = 0.07, the thermal
conductivity of ceramic λceramic = 1.5.

Equation 4 shows that, the temperature gradient is affected
by the distance from the crack to the heating point and the
thermal conductivity ratio λcrack/λ0. A point heating pro-
cess with different distance from the crack is simulated and
shown in Fig. 5. From the simulation result, when the point
heat source is close to the crack, the thermal obstruction phe-
nomenon (Feature 5) becomesmore obvious in Fig. 5c and d.
It’s noted that, although the thermal obstruction phenomenon
is more obvious when the point heat source is closer to the
crack, if the distance is too close, effective thermal diffusion
will be missing, and the crack length detected by using tem-
perature gradient is smaller than that when there is a suitable
distance between crack and the point heat source.

From above analysis, all the distinct features are summa-
rized as follows:

(1) Distinct Features 1 local position points with abnormal
temperature
Some certain location points with special higher tem-
perature variation will be identified in temperature
distribution imageswhere the scanning linear laser inter-
sects the crack. These location points are exactly a part
of the crack waited for NDT. Thus, the shape and loca-
tion of the whole surface crack will be reconstructed by
capturing and connecting all such location points.

(2) Distinct Features 2 unique ‘tailing’ phenomenon
On account of slow heat dissipation at cracks position,
after the linear laser continuously scans through a crack,

the temperature distribution will be dragged near the
crack region, forming a wake like the tail of a comet.
This unique ‘tailing’ is one of the important features,
which doesn’t exist in other thermal stimulation, such
as plane light source.

(3) Distinct Features 3 unique ‘dislocation’ phenomenon
A ‘dislocation’ phenomenon in temperature images is
distinctly emerged near cracks only during inclined
scanning. Compared with most of the surface source
used in the existing methods, it is also a new and unique
feature.

(4) Distinct Features 4 distinct increase of the area of high
temperature zone
The shape of the surface cracks is generally similar to a
straight line or an arc. In the condition that the scanning
linear heat source is parallel to the crack or the angle
between them is small, there will be a large overlap-
ping high temperature zone when linear heat overlaps
the crack. For the temperature image of each frame
in the scanning process that linear laser close to the
crack, overlapping and finally over the crack, the area
of high temperature will show a trend that increases first
and then decreases, peaked when overlapping. In other
words, under the circumstances that the angle between
linear laser and crack is smaller, the area of high tem-
perature will reach a peak in the crack location.

(5) Distinct Features 5 obvious thermal obstruction phe-
nomenon
The low thermal conductivity hinders heat conduction
through the cracks when using a point heat source scan-
ning, which results in the temperature gradient sharply
varied at cracks.

The five above thermal response features aroused by lin-
ear laser and point laser scanning can be conveniently and
visually applied to NDT for cracks.

3 Validation Tests and Result Discussion

3.1 Specimens and LMST System

A LMST system is established with a semiconductor laser
marking machine and an IR camera. The schematic diagram
of the experimental apparatus is shown in Fig. 6. The semi-
conductor laser marking machine can converge a laser spot
(minimum diameter of 0.05 mm), and the laser point is con-
trolled tomove quickly in a straight direction. The laser point
can be viewed as a linear laser when the scanning speed is
sufficiently fast and a linear movement is made. This laser
point can be considered a linear excitation when the linear
laser scanning direction is perpendicular to themoving direc-
tion, as shown in Fig. 6a. By adjusting the moving path of
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Fig. 5 The simulation of fine scanning. a Scanning schematic of point
heat source in fine scan stage. b The temperature image when point
heat source is far away from the crack. c The temperature image when
point heat source approaches to the crack (above), temperature profile

(middle) and temperature gradient (below). d The temperature image
when point heat source is very close to the crack (above), temperature
profile (middle) and temperature gradient (below)

Fig. 6 Schematic diagram of the experimental apparatus

the laser spot, the switching between point scanning (Fig. 6b)
and linear scanning mode can be realized.

The TBC specimens used here are conventional plasma-
spray deposited coating structure, which consists of substrate
of nickel base alloy, bond coat and ZrO2 ceramic coat, and
their thickness are 2000, 100 and 400μm, respectively. Sur-
face cracks were fabricated on TBC specimen surface by
mechanical stretching method using TBC tensile specimens.
For the specimen (shown in Fig. 7), there are three main
cracks whose width are from 19 to 98μm.

Fig. 7 TBC specimen with three main cracks
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Fig. 8 Thermal response features during linear laser scanning. a Vertical scanning. b Inclined scanning. c Parallel scanning

Fig. 9 ‘Dislocation’ phenomenon in temperature image by slowly scan-
ning

3.2 Linear Laser Scanning Test

In order to exhibit evident thermal response features of
cracks, some laser parameters such as moving speed and the
size of laser point, and scanning speed of linear laser, need to
be optimized firstly. If scanning speed is too fast, there will
be not enough heating time, causing the thermal response
at the crack too weak to be distinguished. However, if too
slow will cause overheating at surface cracks, and the tem-
perature distribution near cracks tends to be uniform. Both of
these two cases reduce the thermal images contrast between
cracks and other normal region, thus obstruct the final crack
detection. The optimized scanning speed of the linear laser
is controlled from 1 to 10 mm/s, the laser point diameter is
from 0.1 to 0.3 mm with a moving speed of 500 mm/s.

When a linear laser is scanning across the specimen sur-
face with three cracks (Fig. 7) along different directions,
some significant thermal response features were observed.
The experimental result is shown in Fig. 8. In vertical
scanning (Fig. 8a), three unusual positions with highest tem-
perature value indicate the position of the cracks (Feature 1).
‘Tailing’ phenomenon (Feature 2) is also very distinct not
only in vertical scanning and inclined scanning (Fig. 8b), but
in parallel scanning (Fig. 8c). In parallel scanning, distinct
increase of the area of high temperature zone (Feature 4) is
clearly observed.

In addition, the unique ‘dislocation’ phenomenon (Feature
3) also canbeobservedwhen the scanning speed is slowdown
to 1 mm/s, as shown in Fig. 9.

The above phenomenon reflects the information of cracks,
in which the temperature increasing at cracks is the most
common. When processing the temperature images captured
by IR camera using the binarization method, the binariza-
tion threshold is a critical factor. Appropriate threshold can

effectively shield the noise, and highlight the position of the
cracks. There are two methods for determining the threshold
value: one is to average the temperature of the region irradi-
ated by the line laser during the scanning process. Because
the cracks and other defects account for a small portion of
overall specimen, the average temperature T0 can be consid-
ered as a carrier temperature when the linear laser irradiates
on the specimen surface with no defect. Choose a tempera-
ture T1 which is slightly larger than T0 as the threshold value
of every frame temperature image during the scanning. The
advantage of this method is that the reconstructed results
wouldn’t be affected by the temperature changing caused by
other defects such as surface impurity. The other method for
determining the threshold value is to choose the 90% of high-
est temperature in each image with thermal response features
as the threshold value. And then, each temperature image
has its own threshold. The advantage is that the influence of
heat accumulation during scanning processing is reduced. In
experiment, we perform weighted average of the two thresh-
old values processing results to obtain the final result. Taking
the vertical scanning as an example, the cracks reconstruction
process and the final result are shown in Fig. 10a–d.

From the Fig. 10, it can be seen that vertical scanning
can fast identify crack2 and crack3, whose width is larger
than 20μm. As for crack1, the thermal response features are
not clear, so it can be considered as a suspected crack, and
the further confirmation need to be conducted by the fine
scanning using point laser scanning.

3.3 Point-scan for DetectingMicro Cracks

The suspected crack in the specimen of Fig. 10dwas detected
using a point laser scanning.When apoint lasermoves toward
the micro-crack in a certain direction, the heat conduction
will be impeded by the crack (upper image in Fig. 11a),
and the temperature gradient value near crack will have
a significant abnormality (lower image in Fig. 11a). Fig-
ure 11b is the full field temperature gradient image, and after
thinning the binaryzation result of the temperature gradient
(Fig. 11c), shape and location the suspected crack canbevisu-
ally presented. By accumulating all of such thinning result of
temperature gradient binaryzation for all temperature images
in time series and combining with the results of linear laser
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Fig. 10 The reconstruction process of three cracks in vertical scanning. a The original temperature images in time series. b The temperature image
at a certain moment and its temperature distribution in one section. c The threshold extraction result at this moment. d The reconstruction result

Fig. 11 The process of the point laser scanning stage. a Temperature
image at a moment (above), temperature section (middle) and temper-
ature gradient (below). b Gradient distribution of temperature filed at a
moment. c Thinning the binaryzation result of the temperature gradient

at a moment. d The original temperature images in time series. e The
accumulation result of temperature gradient at eachmoment. f The final
result by combining rough scanning with fine scanning

scanning, all cracks can be displayed in the scanning range,
as shown in Fig. 11d–f.

3.4 The Detection Sensitivity for Micro-Cracks

To better understand the detection sensitivity for micro-
cracks, some narrower surface cracks were fabricated by
using stretching fatiguemethod (shown in Fig. 12). The aver-
age width of the cracks is 11.2μm, the average spacing of
between cracks is 0.93 mm. The cracks are too narrow to be
observed, so a mark line is drew to make the positions easy
to be located. Thus, the actual positions of the cracks in the
temperature image are determined by using themark line and
then the cracks width will be measured by a microscope, and
the detection sensitivity of the method can be confirmed.

For the narrower surface cracks, the scanning speed should
slowly down to provide enough time for thermal diffusion.

The laser spot need to be as small as possible to increase
the measurement accuracy, the selected spot diameter is 0.1
mm in this investigation. During scanning, the temperature
increases quickly in the heating micro-region due to small
diameter of the laser point, and the temperature gradient in
this region is very large, which shields the gradient informa-
tion of cracks beyond the spot laser. In order to reduce this
influence, the temperature values in the position of laser point
are assigned to be empty. By this way, the temperature gra-
dient information around the laser spot can be highlighted,
as shown in Fig. 13b.

Figure 13 shows that there are different temperature gra-
dient results in the heating process where heating for two
seconds and then the point laser is removed. During the heat-
ing phase (Fig. 13, time 1), the temperature gradient in the
heating region is too large and shields the gradient informa-
tion of other region. In the early period of heat dissipation
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Fig. 12 TBC tensile specimen II. a Specimen II with mark line. bMicroscopic image of point A. c Zoom in of the b

Fig. 13 The temperature distribution of point A and temperature gradient images at all times. a Temperature–time curve at point A. b The
temperature gradient results of the whole image at time 1–6

(Fig. 13, time 3, 4), the gradient information of the cracks
is the most significant. In the end period of heat dissipation
(Fig. 13, time 6), the low contrast of temperature-gradient
hinders the crack identification. Taking full advantage of the
processed results in early period of heat dissipation, these
cracks can be detected accurately. The detected width of
crack1 and crack2 is 11.2 and 9.5μm, respectively (validated
by an optical microscope). This indicates that in point-scan
stage, micro-cracks with width of 9.5μm can be detectable.
Besides, the average pitch of these cracks also can be detected
from the gradient image, which is 0.89 mm, similar to the
observation result using optical microscope.

4 Conclusion

Aiming at NDT for the surface cracks in TBCs, a laser
multi-mode scanning thermography (SMLT) method has
been developed in this paper. Two scanning modes, linear-
scanning and point-scanning, are combined to scan quickly
on the surface of the specimen by using the built scanning
system. Through numerical simulation and experimental ver-
ification, four thermal response features in Line-scan stage
and one thermal response feature in Point- scan stage are
utilized to highlight the shape and position of defects. Com-
pared with most of the surface scanning used in the existing
methods, the two features which are ‘tailing’ phenomenon

and ‘dislocation’ phenomenon are new and unique. Among
them, the ‘tailing’ phenomenon emerging after linear laser
scanning is the most practical, because the thermal response
features of the defect are more obvious during the heating
phase than in the cooling phase. In the real experiment, large
defects with the width of 20μm or more can be detected
with fast speeds and large detection range in the rough stage,
and the suspected defects found in the rough stage can be
detected with higher sensitivity and smaller detection range
in the fine stage. It is shown that combining the two scanning
modeswith the developed post-processing algorithm, the sur-
face crack with the width of more than 9.5μm in TBCs can
be accurately detected with high efficiency.
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