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Abstract 

This paper presents an innovative variant of the Active Transient Thermography (ATT), designated 

Double Active Transient Thermography (DATT), where the component inspected is excited by one heat 

and one cold sources. The goal is to speed up and improve the temperature contrast, namely for 

polymer matrix composites parts produced by Additive Manufacturing. Finite element analysis of the 

thermal phenomena involved in DATT were performed to assist the definition of the experimental set-

ups and confirm the high potential of the technique. 

Experimental results prove that the introduction of the cold flow increases the temperature contrast 

up to 100%, comparing with ATT, and mid thickness defects are the ones that benefits the most from 

this technique. Therefore, the improvement of the inspection procedure is achieved by two means: 

enhancing the thermal contrast of the defects, and/or anticipating the instant when the maximum 

contrasts occur. 

Keywords: Active transient thermography, DATT, Polymer matrix composites, Simulation. 

1. Introduction 

Over the years, there has been an increased focus on the development of materials, like advanced 

composites produced by Additive Manufacturing (AM), in order to satisfy industrial and economic 

requirements, for example, in aerospace and automotive industries, where they seek reduced weight 

components, with enhanced strength, which improve productivity and fuel economy and reduce CO2 

emissions. This progress raises new demands in characterizing a variety of defects that may appear 

during its production and service life, which have an impact on the component’s performance. 

Conventional Non-destructive testing (NDT) often cannot fulfil these new requirements, implying the 

research and development of new, innovative approaches that provide a greater knowledge on how 

these materials behave, especially in demanding jobs [1,2]. There are currently some challenges, for 

example, regarding the inspection of composites, including polymer matrix composites, such model 

complexity [3] and relevant polymers properties, such as low thermal and electrical conductivity [4]. 
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Despite some low conductivity polymeric composite parts may be inspected without contact by eddy 

currents [5,6], a faster and an image producer NDT technique should be target for such kind of 

inspections [1,7–9]. 

The Active Transient Thermography (ATT) can overcome some of the limitations presented so far, 

which acquires and processes the thermal response of the component when excited by an external 

thermal source. The thermal energy is usually transmitted by radiation between the specimen and a 

hot or cold source during a controlled time or by means of a blast of hot air or coolant. In this technique 

flash tube or bulb is mostly used as the heat source, being almost adopted as a standard procedure 

with several investigations [10], being the cold source used as thermal excitation in limited cases: 

when the material to inspect is already at a temperature higher than the ambient temperature or 

when the specimen under analysis could not be heated [11,12]. Through the temperature contrasts 

presented in the acquired thermograms, it can be detected and identified superficial and internal 

defects [13,14]. The presence of discontinuities can be detected because it disrupts the heat flow, due 

to the variation of the local thermal conductivity of the sample which causes a change in the surface 

temperature detected by the IR camera [4,14]. Shepard et al. developed a simple model that provides 

an estimation of signal to background contrast for flash thermography of discrete flat bottom hole 

type flaws in a solid slab sample. The approach provides real, non-relative, detectability information 

which can be applied based on estimates of physical properties and camera noise characteristics 

enhancing the contrast [15]. 

The constant need to increase the reliability of the inspection has led to the improvement of the 

inspection parameters and of operational conditions, and to the analysis of the physical phenomena 

involved, namely, using numerical simulation. Therefore, the cost efficiency and the 

phenomenological knowledge of the technique is achieved through appropriate numerical modelling 

[4]. Several authors developed numerical models with commercial finite element codes to predict the 

detectability of defects [16], estimate the defect size and shape [17], foresee the frame that would 

best expose the defect [18], identify the most appropriate inspection parameters and optimise the 

evaluation process [19]. For the numerical models [16,18,20,21], assumptions were used to simplify 

the computational cost, being the effect of the heat source simulated by applying a uniform heat flux 

on the flat surface of the specimen that is exposed to the infra-red radiation. For the case of curved 

panels, a non-uniform heat flux is applied, for which the density distribution must be obtained by 

experimental testing [20]. To overcome the difficulties regarding the complex geometry of the parts, 

Carvalho et al. [4] developed a finite element model in ANSYS to solve the heat transient problem 

which covers the modelling of the radiating surfaces, including the heat source. 
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Despite recent investigations have been conducted to improve the inspection results by using 

alternative methods of thermal stimulation including cold [22,23], or improving the image obtained 

by applying data processing and analysis methods for noise reduction [24,25], when the thermal 

conductivity of the material is low, as in this case, the contrasts can be reduced and the defects difficult 

to detect in thickness, especially the deeper ones. Therefore, in this paper, it is presented an 

innovative variant of the ATT, designated Double Active Transient Thermography (DATT), where the 

evaluated component is excited by two sources, infrared radiation and a cold flow. The prior 

advantage of this technique is that, unlike Lock-in Thermography which allows the detection and 

position of internal defects in thickness, DATT can be a simpler and faster alternative in achieving 

those similar results, although it depends on the thickness of the sample and needs access to both 

sides of the sample. 

The goal of developing this technique is to speed up and improve the inspection procedure, and to 

clearly observe, with close temperature contrast, different defects at different depths and locations, 

as shown in Fig. 1. While in ATT the thermography is solely active during the heating phase, being the 

inspected component passive during its natural cooling, in DATT both heating and cooling phases are 

active, being a differentiating feature of this technique. Therefore, the improvement of the inspection 

procedure can be achieved by two means: enhancing the thermal contrast of the defects, mainly those 

that were harder to identify by ATT, increasing the probability of detection; and/or anticipating the 

instant when the maximum contrasts occur. 

2. Double Active Transient Thermography set-up 

2.1. Samples description 

As a result of the AM process, defects as voids [26] and poor adhesion of the layers [27] may occur 

during the material deposition. The test specimen used is a grey Polylactic Acid part produced by 

material extrusion additive manufacturing, featuring three delaminations, 15 mm square voids 

created artificially as a feature of the CAD file, depicted in Fig. 2. This sample has a wall thickness of 

5 mm and a box like shape to prevent the cold source from rapidly escaping the sample. 

The delaminations have 0.5 mm thickness and are located at a relative distance of 50 mm from each 

other, as shown in Fig. 1. A second sample was produced, very similar to the boxed one presented but 

with a few differences. The thickness was changed from 5 mm to 15 mm and only one defect was 

produced with the same dimensions and was placed in mid thickness (the centre of the defect was 

7.5 mm away from both surfaces). 
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Fig. 1. Schematic representation of the DATT. The specimen has three artificial delaminations defects. 

 

2.2. Experimental set-up 

The DATT experimental layout used for inspection is shown in Fig. 3. This layout is composed by one 

heat and one cold sources, one infrared (IR) camera and the test specimen. The hot source and IR 

camera are located on the plane side of the sample and the cold source is located on the opposite side 

of the sample. 

The hot source consists of four Phillips IR-175C-PAR lamps of 175 W. This group of lamps was placed 

perpendicular to the test specimen, at a distance of 60 cm, denoted by dl in the scheme in Fig. 3, being 

also shown in Fig. 4a and Fig. 4c. 

The use of a coolant fluid as a cold source has evident advantages since it has a significant calorific 

power to insert a cold flow in the sample. This is very useful to demonstrate experimentally the 

findings of the numerical simulations but, in an industrial setting this may not be possible. The 

component might react to the liquid or might not be possible to get wet. One solution that possibly 

overcome this could be the introduction of an air flow at very low temperature. 

The IR camera, a Fluke Ti400, to record the thermal response of the sample during its inspection, was 

placed perpendicular to the plane side of the specimen, at a distance of 80 cm, denoted by dc in the 

scheme in Fig. 3, and above the lamps, as shown in Fig. 4a and Fig. 4c. 
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Software SmartView™ was used in order to collect the temperature points across the thermograms 

enabling the handling of the data from the inspections. 

 

 
Fig. 2. Sample inspected a) 3D printed version b) model showing the delaminations with the 

legend of the defects and outer wall. 
 
 

 
Fig. 3. DATT schematic experiment setup. 
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Fig. 4. DATT setup; a) with the vortex; b) vortex tube cooling and sample; c) with the coolant fluid; d) pouring the 

coolant fluid into the sample. 

 

2.3. Testing procedures 

Two sets of experiments were conducted with different cold sources. First, to demonstrate 

experimentally the findings of the numerical simulations, it was used the coolant fluid which solidifies 

at – 40 °C. The liquid was poured into the sample, as shown in Fig. 4c and Fig. 4d, taking around 3 s to 

fill in. With the coolant fluid, the interior of the sample reached around – 20 °C. Still, in an industrial 

setting the use of a coolant fluid may not be possible, and for the second sets of experiments 

presented here, was used a Meech Vortex Tube to direct the cold air flow. This instrument was placed 

in the entrance of the lid, above the specimen, perpendicular to it, as shown in Fig. 4a and Fig. 4b. 

Beside to place the vortex, the lid was designed also to prevent the cold air from rapidly escaping the 

sample, and its additional holes reduced the pressure loss in the inlet of the cold flow, as shown in 

Fig. 2a. The air flow of the vortex was around 50 l/min and the interior of the sample reached, on 

average, – 4 °C. 
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3. Numerical model 

For the simulation of the DATT procedure, the commercial code ANSYS was used to calculate the finite 

element solution. The specimen model is considered to have plane element behaviour and isotropic 

material properties that do not vary for the analysis temperature range of the NDT procedures. In 

these simulations, four models meshed with 8 node plane elements were created to represent the 

geometry of the sections where the defects are located: three sections where the defects appear 

isolated and one section with the three defects, for which the geometry is represented in the scheme 

of Fig. 1. The material properties for PLA of interest for the purposes of heat transfer simulation are 

presented in Table 1. 

 

Table 1 PLA material properties for the temperature range of the NDT procedures. 

Thermal Conductivity 

[W/m K] 

Density 

[kg/m3] 

Specific heat 

[J/kg K] 

0.13 1240 1800 

 

Being extremely effective in terms of computational cost, the developed model allows to efficiently 

simulate combinations of parameters, providing an overview of the response of the method under 

several testing conditions. Therefore, the prescribed boundary conditions for the heated surface is an 

uniform heat flux of 1500 W/m2 applied during 20 s to simulate the income radiation. This approach 

provides accurate results for flat geometries, for which the computation of the view factors is not 

significant, and the uniform distribution is an adequate assumption [4]. Similarly, a uniform heat flux 

of – 10000 W/m2 is applied during 20 s on the opposite side to simulate the cooling. 

The prescribed initial and boundary conditions were not tuned to be consistent to the corresponding 

environment conditions of the testing, since these simulations were conducted solely to verify the 

potential of DATT and to assist the definition of the experimental set-ups. For all the simulations 

presented here the initial temperature of the entire model was set to 24 °C. Furthermore, the 

combinations of the heat flows are several for which the simulation of the tests results are presented, 

although only five cases were then tested for the experimental validation as listed in Table 2, for which 

the heat and cold sources were applied for a limited time, 20 s, in every test. 
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Table 2 Tests performed for each experiment set. 

 

4. Results and Discussion 

4.1. Numerical simulation results 

From the point of view of the thermography inspection process, the detection of the defects is visible 

due to the contrast presented. Therefore, the results of the simulations were taken in two locations, 

depicted in Fig. 9: one point on the outer wall above the defect (DP) and another at half distance 

between the edge of the defect and the end of the sample (DFP). Mathematically, the contrast is 

achieved with difference of the temperature between those points. 

The simulation results for the three defects contrast are depicted in Fig. 5, Fig. 6 and Fig. 7. In these 

figures, the red curve refers to the contrast obtained when only the hot source was used; the blue 

curve refers to the contrast obtained when only cold source was used; the black curve refers to the 

contrast obtained when the hot and cold sources were applied at the same time (Hot and cold); the 

green curves refer to the contrast obtained when the cold source was used before the hot source 

(Cold then hot); the pink curves refer to the contrast obtained when the hot source was used before 

the cold source (Hot then cold). 
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Fig. 5. Simulation results for the mid thickness defect contrast. 

Fig. 5 presents the evolution of the thermal contrast in time for the mid thickness defect in three 

different situations: cold only where the maximum contrast (1.2 °C) occurs at 83 s; using hot and cold 

simultaneously (DATT), the maximum contrast is 2.3 °C at 83 s, which corresponds to an increase of 

141% in the temperature contrast when compared to the use of a heat source, and in 88% when 

compared to the use of a cold source. The best result can be achieved if the cold source turns on 

before the hot source. This leads to an anticipation of the maximum thermal contrast by 15 s. The 

heat path is shorter than half the thickness and there is no resistance (at the interfaces), so the heat 

wave is reflected faster in the defect. With the cold, the path is longer and there are two 

resistances/interfaces through the defect, so the time the cold takes to transmit through the defect is 

greater. The source applied to the surface measured is the one which controls/determines the 

phenomena, which is clearly seen in Fig. 6 and Fig. 7. 

 
Fig. 6. Simulation results for outer defect contrast. 
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Simulation results for the outer defect contrast, depicted in Fig. 6, suggest that the introduction of the 

cold flow does not improve the inspection process. However, as shown in Fig. 7, the DATT improves 

the thermal contrast of the inner defect in 20%, when it is compared to the case for which only the 

cold source is applied and 86% when compared to the heat only case. 

 
Fig. 7. Simulation results for the inner defect contrast. 

For inner defects, the use of a single hot source delays the inspection, since the peak of contrast will 

occur 100 s latter when compared with outer and mid thickness defects, precluding the detection of 

the three defects at the same time. 

Meanwhile, DATT enables the detection of the three defects at the same time, at 55 s when the two 

power sources are applied simultaneously, as depicted in Fig. 8 the correspondent surface 

temperature profile. 

 
Fig. 8. Temperature profile in the outer wall surface at 55 s (Heat and Cold): the three defects are visible. 
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In Fig. 9 are plotted the temperature distribution through the thickness for selected frames when the 

maximum contrasts occur of the mid thickness defect using DATT versus ATT. It is visible that the 

contrast gain of 141% for the detection of the mid thickness defect is explained with the increase of 

the temperature gradient from the surface to mid thickness. 

a)  b)  

Fig. 9. Numerical results: detailed view of temperature distributions for the mid thickness defect at the instant of 

maximum contrast: a) DATT achieves 2.29 °C contrast at 83 s; b) ATT achieves 0.94 °C contrast at 75 s. 

 

4.2. Experimental validation results 

4.2.1. Coolant fluid 

From each test, a thermographic video was made where the evolution of the sample surface 

temperature was monitored. A few points were defined in the thermographic video which 

corresponded to the location of the defects and its neighbour area. For each frame, the points over 

each defect were subtracted by the mean of the neighbour points obtaining the contrast for each 

moment. Then, using these values, a contrast temperature chart was built, where the evolution of the 

temperature contrast throughout each experiment, and for each defect, can be seen, as shown in 

Fig. 10. 

As depicted in Fig. 10, the OD inspection does not seem to benefit from the introduction of cold, as 

the maximum contrast remains close to 11 °C and occurs always after the heating source is turned off. 

The same cannot be concluded for the MD, in which the maximum contrast is duplicated, from 2 °C to 

4 °C, comparing with heat only or cold only. "Cold then heat" experiment revealed a maximum 

contrast slightly sooner, 5 to 10 s, than the rest as predicted by the simulation in Fig. 5. The ID 

detection is greatly improved when using the hot and cold sources at the same time, obtaining a 

contrast change 5 times greater against the heat only technique. However, this contrast increase is 

mainly due to the cold source being applied to the surface closer to this defect. As seen in Fig. 10c 

using a cold source only in the other surface also improves the result contrast by 4 times. That said, 

the DATT technique, for this kind of defect, increases the contrast around 25% when compared to 

"Cold only" experiment. 
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a)  

b)  

c)  

Fig. 10. Experimental temperature contrasts comparison for each defect using the coolant fluid as cold source. The MD 

inspection benefited with the use of the two sources. 

In Fig. 11 are depicted three thermograms which correspond to the experiment where the heat and 

cold source were used simultaneously. The first thermogram corresponds to the instant for which the 

contrast is maximum for the OD and the second to the maximum contrast for the MD. The last 

thermogram corresponds to the instant the temperature contrasts of both MD and ID are the same. 
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These times can be easily identified in Fig. 10. As expected, the first defect to show up is the OD which 

is closer to the surface. Then appears the MD and afterwards the ID since the measured surface is 

furthest away from them. 

 

Fig. 11. Experimental thermograms at different instants for the Heat and Cold test (simultaneously). 

Fig. 10 allowed to understand that the advantage of the DATT technique is most significant for defects 

that are not closer to a specific surface hence why, the use of the second sample with 15 mm thickness 

with only a mid-thickness defect. 

Fig. 12 depicts the temperature contrast variation throughout the time with the different settings 

from Table 2. As shown, the contrast increases roughly 50% when using the two sources comparing 

to one source only. However, does not seem to be very relevant which source comes first. 

 

Fig. 12. Experimental temperature contrast variation throughout the time on a 15 mm thickness sample with a defect in 

mid thickness (15 mm square void 0.5 mm thick). 
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4.2.1. Cooled air 

As mentioned before, the use of a cold air stream is more suitable for an industrial setting although 

the lower cooling power when compared to the coolant fluid. As happened with the coolant fluid, the 

OD presented a greater contrast compared to the other defect as long as there is a heat source. The 

maximum contrast also happens later the farthest the defect is from the measured sample surface. In 

the "cold only" setup, it is possible to observe that the contrasts obtained are low which is due to the 

weak cooling power of the vortex. However, in Fig. 13 it is possible to observe that the MD obtains a 

small increase in the contrast when employing both the heat and cold source rather than just heat of 

cold. Envisaging an industrial application several parallel vortex tubes cooling, operating 

simultaneously, may be used to increase the cooling power and to increase the cooling inspection 

area. The DATT is based on the same physical phenomena as conventional thermography is. Therefore, 

the same materials should be suitable for DAAT variant.  
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a)  

b)  

c)  

Fig. 13. Temperature contrasts comparison for each defect using the air as cold source. The MD detection benefited with 

the use of the two sources. 
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5. Conclusions 

In this paper, it was presented an innovative variant of the Active Transient Thermography (ATT), 

designated Double Active Transient Thermography (DATT), in order to increase the temperature 

contrast, for delamination defects at different depths and locations. 

• The temperature gradient throughout the thickness, which is not possible to measure 

experimentally, was investigated using numerical simulation, recognising that there is 

indeed an advantage in using a hot and a cold power source in each surface of the 

inspected part; 

• The experimental tests corroborate the results of the contrasts obtained numerically, 

revealing that DATT is particularly interesting for mid thickness defects. For the 

experiments conducted to validate DATT, the contrast obtained was 2 times greater than 

the contrast obtained with ATT; 

• For defects closer to the cold source, the temperature contrast can increase up to the 

double when comparing to using one heat source only. However, when comparing to 

using only a cold source over the surface closer to the defect, the contrast gain is marginal, 

up to 20%; 

• Although with the cold air source the contrasts results achieved are not as good as those 

obtained with cooling liquid, it was demonstrated that it can benefit the inspection 

process. 
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