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Abstract. This paper presents the study of pulse thermography with reflection and transmission measurement using commercial finite element modelling computer package ANSYS Version 15.0’. A finite element
analysis is applied to the 3-Dimensional solid body made of aluminium with known thermal properties and
subsurface defects of different size and depth to simulate the heat flow in the pulse thermography inspection
process. With the intention to reap the information about defects, the material response to the thermal stimulus is studied. The results show that reflection measurement is suitable for analysing close to surface defects
located at the thermal stimulator side and the transmission measurement is more appropriate for analysing
deeper defects some distance from the thermal stimulator side.
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1

Introduction

The natural qualities of aluminium and its alloys are positive deciding factors for designers, manufacturers and industrial users who are consistently on the lookout for better-performing materials and innovative
processes. Aluminium, at present is the leading non-ferrous metal in use, finding ever more ingenious applications in sectors as diverse as aeronautics, beverage containers, construction and energy transportation[2] .
High quality of materials and structures is an important factor in many areas of human activities. A major
effort to reach the highest level of quality is to implement various inspection tasks. Non-destructive testing
and evaluation (NDT&E) technique is one of the most important means to detect and verify the quality of
items[10, 13, 16] .
Infrared thermography (IRT) is an emerging NDT&E technique that enables the non-contact inspection
and monitoring of systems and materials through mapping thermal patterns on the surface of the object of
interest. IRT requires the creation of the temperature gradient between the defect and non-defect regions to
permit defect detection. If a temperature gradient between the scene and the object of interest exist, the target
can be inspected using the passive approach. However, when the object or feature of interest is in equilibrium
with the rest of the scene, it is possible to create a thermal contrast on the surface using a thermal source which
is known as the active approach. In the active approach, pulsed thermography (PT), lock-in hermography (LIT)
and vibrothermogragy (VT) are the most commonly used approaches[1, 3, 4, 7, 11, 14, 15, 18, 20] .
Finite Element Analysis (FEA) is used to foretell the experimental outcome with certain conditions on
account that the experiments are difficult to implement and are expensive. FEA is extensively adopted by many
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industries and researchers for modelling and simulation on account that it’s faster and cheaper than physical
testing[9, 13] .
This study focuses on the modelling and simulation of IRT for the detection of defects in aluminium
structures. The PT is taken into consideration to obtain the physical insight of the thermal phenomena occurring during and after thermal excitation of the structures. A qualitative comparison of PT with reflection
measurement and transmission measurement is presented in this paper.

2

Pulsed thermography

In PT, the specimen surface is submitted to a short heating pulse utilizing a high power optical source. The
duration of the pulse may vary from a few milliseconds (2-15 ms utilizing flashes) to several seconds (utilizing
lamps). This heating produces a thermal pulse that propagates into the sample by means of thermal diffusion.
In the course of the pulse propagation, an infrared camera is used to record the temperature distribution on
the sample surface. A subsurface defect, if present, modifies the diffusion heat flow, so its location appears as
an area with a temperature difference with respect to the neighborhood region[6, 17] . There are two common
modes in PT: reflection and transmission. In reflection mode, the heat source and IR camera are placed at
the same side and the reflected thermal wave effect on the surface temperature is continuously monitored. In
the transmission mode, the IR camera is placed opposite side to the heat source. The Fig. 1 shows the basic
principle of reflection and transmission modes of measurement [19, 21] .

Fig. 1: Schematic of pulse thermography, a) Reflection measurement and b) Transmission measurement

The temperature rise caused by pulse heating of the surface of a semi-infinite sample can be expressed
as [8, 12] ,
T =

2

√

Q
,
πκρCt

(1)

where T [◦ C] is the temperature rise at time t after the flash heating,Q [W/m2 ] is the energy deposited on the
surface, k [W/m◦ C] is the thermal conductivity, ρ [kg/m3 ] is the density of the material and C [J/kg◦ C] is the
specific heat capacity of the sample material.
The characterization of the defect in any PT measurement is based on the temperature difference created
with the aid of defect on the sample surface which is often called thermal contrast. The thermal contrast is
the thermal difference in the region to be analysed with recognised reference area which is believed to be
pre-chosen. The reference area is considered to be the pure area where no subsurface defect is present. In most
cases the reference area is a background in the thermal image. The absolute contrast is defined as the excess
temperature over a defect-free region at a given time t and is given by [5, 6] ,
Cabs (t) = Tdefect (t) − T sound(t),
where Tdefect is the temperature over a defect region and Tsound a defect-free region, respectively.
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Model configuration

To simulate the PT inspection, 3D heat flow simulation model has been developed by using a commercial
finite element modelling computer package ’ANSYS Version 15.0’. A square shaped (180 mm * 180 mm)
aluminium specimen with 10 mm thickness and artificial defects with circular cutouts of varying depth and
diameter at back side was considered. Fig. 2(a) shows the geometrical details of the test sample. The idealized
shape of a circular defect was chosen to illustrate the effect of geometry on the observed thermal response.
Fig. 2(b) shows the front side and Fig. 2(c) shows the rear side of FEA model. Fig. 2(d) shows the FEA model
of the specimen with meshing. During meshing, a tetrahedral meshing was adapted. Physical preference was
taken as mechanical with relevance 100, relative center was kept in fine mode, proximity and curvature was
kept on in advanced size function in order to calculate temperature variations with sufficient spatial resolution.

Fig. 2: Model configuration, a) Geometrical details of the test sample, b) Front side of FEA model, c) Rear
side of FEA model and d) FEA model with meshing

Table 1: Geometrical parameters & properties
Parameters
Length (X)
Length (Y )
Length (Z)
Mass (m)
Volume (v)
Thermal Conductivity (k)
Specific Heat (C)
Density (ρ)
Initial Temperature
Nodes
Elements

Value
180
180
10
0.87033
3.14E+05
1.51E-02
480
2.77E-6
20
80,116
50,842

Unit
mm
mm
mm
kg
mm3
W/mm/◦ C
J/kg/◦ C
kg/mm3
◦
C
No.
No.

The considered thermal properties and geometrical parameters of the specimen are shown in the Table 1.
The sample was vertically placed in the surrounding of known temperature. The front surface was stimulated
at the beginning of the simulation with calculated pulse heat flux over a 10 ms time interval. It is assumed
that the stimulation is uniform and the influence of radiative and convective heat transfer is neglected. The
boundary condition for the heat flux is given by Eq. (3),
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(k.∇T ) = φ0 ,

(3)

where, φ0 is the term which describes the heat flux on the irradiated surface.
The ambient temperature Tamb measured in the room was used both as boundary condition and initial
condition since it was assumed that the specimen was in equilibrium with the environment at room temperature
before the experiment started,
T (x, y, z, t) = Tamb = 20◦ .

4

(4)

Results and discussions

The response to the applied heat flux with each reflection mode and transmission mode was simulated
using the transient analysis mode over a period of 6 second. Fig. 3 shows the maximum and minimum surface
temperature decay in reflection and transmission mode with respect to time. Due to the very short heat impulse
time the temperature rise is faster than its decay. As the time passes, due to thermal diffusion in all directions,
the temperature on the sample surface trends towards the equilibrium again. As shown in Fig. 3, it is observed
that the cooling process of the specimen is almost over in 3 second in reflection mode and goes up to 5 second
in transmission mode. It is also observed that the surface temperature of the specimen is recorded higher in
transmission mode in comparison to reflection mode.
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Fig. 3: Surface temperature decay profile

Fig. 4 shows the thermal images recorded at time 0.1 s, 0.3 s and 0.5 s with reflection and transmission
mode. In both cases, it is observed that the shallower defects are clearly visible and easily detachable whereas
the deeper defects are much faded. The results also show that the shallow defects appear at first and the deepest
defects become visible later in both cases. However, only some of the deep defects are visible in reflection
measurement in comparison to transmission measurement. The unique feature that helps precisely to recognize
a defect is the difference of temperature between the defect and defect-free areas. The temperature above the
defect is higher than in the neighborhood. The noticeable temperature difference indicates the presence of a
defect and pinpoints its location.
Absolute contrast method was used to compute the temperature difference between the defect region
and the defect-free region for the defect characterization purpose. The absolute contrast was evaluated by
subtracting the temperature value located centrally over the defects from the temperature value measured in
defect-free region near the defects. Analysis of thermal image is done in relation to both defect depth and
defect size with respect to time.
To inquire into the effect of defect depth on absolute contrast; defects,A1 , C1 , D1 &B1 with depth 2,3,&5
mm respectively and the fixed diameter 16 mm were selected. The absolute contrast measured over the defects
as a function of defect depth fortime of 6 second is shown in the Fig. 5. As can be seen in Fig. 5, the absolute
contrast decreases with the increasing defect’s depth for the fixed defect size.
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Fig. 4: Thermal images at different time interval, a) Thermal image at time 0.1 s with reflection measurement,
b) Thermal image at time 0.1 s with transmission measurement, c) Thermal image at time 0.3 s with reflection
measurement, d) Thermal image at time 0.3 s with transmission measurement, e) Thermal image at time 0.5 s
with reflection measurement and f) Thermal image at time 0.5 s with transmission measurement.
To inquire into the effect of defect size on absolute contrast; defects, A2 , A3 , A4 , &A1 with diameter 4,
8, 12& 16 mm respectively and fixed depth 8 mm were considered. The absolute contrast measured over the
defects as a function of defect size for a time of 6 seconds is shown in Fig. 6. As can be seen in Fig. 6, the
absolute contrast increases with the increasing defect’s size for the fixed defect depth. From Fig. 5 and Fig. 6,
it is confirmed that the absolute contrast is a function of defect size and depth.

5

Conclusion

Detection of defects by modelling of pulsed thermography has been found to be an important research
topic in the last years. A finite element modelling scheme using ‘ANSYS Version 15’ is proposed to completely
simulate the pulse thermography for the detection of defects in aluminium structures. The result shows that the
temperature distribution on the specimen surfaces depends on material properties, boundary conditions, heat
stimulation intensity, and duration. It was found that reflection measurement enables a high resolution for the
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Fig. 5: Absolute contrast vs. defect depth for de- Fig. 6: Absolute contrast vs. defect size for defect
fect size 16 mm
depth 2 mm
detection of defects, but it could only detect the defects close to the heating surface. For detecting deep defects,
transmission measurement was found appropriate at the peak temperature time. It is also found that high
heat flow value gives a greater temperature difference in the defect’s surface and is favourable for the defect
detection. The absolute contrast depends on the variation of the defect depth and size; ie it decreases with the
increase in defect depth andincreases with the increases in defect size. It is concluded that this technique is
capable of detecting and reconstructing subsurface defects in 3D. With the assumption of transient heat flow
condition and concerning the thermal response of defective region, the FEA gave the correct predictions for
the thermal images and the size of defect.
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