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Abstract 
 
Coupling inspection is a key part of the manufacturing process of Oil&Gas components 
to ensure high quality products. Nowadays, the most common NDT inspection methods 
for coupling are magnetic particle testing and dye penetrant testing. However, Infrared 
thermography offers fast and contactless inspections in metal parts components 
enhancing the possibilities to automate the inspection of the couplings. In this work two 
infrared inspection methods based on Line Laser scanning thermography (LLST) and 
Eddy Current Pulsed Thermography (ECPT) are proposed to inspect the couplings. In 
order to do that, a custom made thermal imaging processing algorithm has been 
developed for each inspection method. The best strategy to inspect the couplings is 
analysed according to the experimental tests performed in automated test benches. The 
results of the study show the potential of the active thermography as a base of an 
automatic system capable to identify cracks all over the coupling surface. 
 
1.  Introduction 
 
NDT inspections by thermography (IRT) offer a valid alternative to the most common 
non-destructive inspection methods (MT, PT, RT, etc.) used to ensure high quality 
products in metallic components. Thermal inspection based on IR radiance provides 
fast, contactless, safe measurements and more possibilities to automate the inspection 
process (1, 2). Active thermography techniques provide the ability to adapt the 
inspection method to the characteristics of the material to inspect using several thermal 
sources (electromagnetic, mechanical or optical sources) and inspection methods 
(pulsed, lock-in or step thermography) (1, 3, 4). In the last years, both Laser and Eddy 
Current thermography have stood out as the most relevant thermography for automation 
purposes. On one hand, Laser thermography (LT) based on external thermal excitation 
provided by a high power laser source (5, 6) uses different configurations (spot, multi-
post or line) according to the inspections characteristics (5, 7, 8). On the other hand, 
Eddy current thermography technique, also known as induction thermography, was 
based on the thermal effect due to the eddy currents induced in the material (9, 10). The 
generated currents are converted to heat according to Joule’s law. The material’s voids 
or discontinuities can be detected analysing the surface thermal contrast generated by 
the distortions in the current flow distribution (9-11). In this work both infrared 
inspection methods are proposed for quality evaluation of coupling components from 
Oil&Gas industry. In order to reduce inspection times, the optical stimulated method is 
based on Line Laser scanning thermography (LLST) using a heating line pulse (12). At 
the same time, the electromagnetic stimulation Eddy Current Pulsed Thermography 
(ECPT) (13-16) is carried out using short pulses to cover the entire coupling surface. 
The evaluation of the two proposed methods has been performed using a custom made 
automate test bench. 
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The thermal signal obtained from both techniques has been evaluated by several thermal 
imaging processing algorithms. The results show that both inspection methods are able 
to automatically detect the target cracks in couplings components. However, the LLST 
requires less inspection times enhancing considerably the automation possibilities of an 
inspection system based on IRT.  
 
2.  Inspection methodology 
 
2.1 Testing sample and setup 
 
The experimental evaluation was carried out using an Oil&Gas API BTC coupling 
component with an external diameter of Ø187.71mm and a wall thickness of 15.49 mm. 
The testing coupling sample is shown in figure 1a as well as the inspection test bench 
(figure 1b) used during the inspections. In order to evaluate the proposed inspection 
methods, several artificial defects were mechanically produced over the external surface 
of the sample (see table 1) in two perpendicular orientations in relation to the main axis 
of the coupling (Horizontal and Vertical). 
 

  
(a) (b) 

Figure 1. Coupling sample (a) and automated inspection bench (b). 
 

Table 1. Artificial defects. 
# Defect orientation Dimensions (HighxWidthxDepth) [mm] 
1 

Horizontal (H) 

10.0 x 1.0 x 1.00 
2 10.0 x 1.0 x 2.00 
3 10.0 x 1.0 x 3.00 
4 25.0 x 1.0 x 3.00 
5 

Vertical (V) 

10.0 x 1.0 x 1.00 
6 10.0 x 1.0 x 2.00 
7 10.0 x 1.0 x 3.00 
8 25.0 x 1.0 x 3.00 

 
The XYC automated testing bench works in two modes according to the Active 
Thermography technique used in the experiments. For the LLST testing method, the 
machine rotates the coupling; meanwhile, a continuous laser pulse is displaced 
vertically covering the entire sample surface. The other configuration mode is defined 
for ECPT testing method, uses the same methodology, but employs rotation steps. 
 
The IR camera (FLIR SC5600) had a stirling cooled InSb sensor (MWIR 2.5-5.1 µm) 
with a maximum resolution of 640x512 pixels and a sensibility of ≤ 25mK. 
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2.2 Line Laser scanning thermography (LLST) 
 
The laser excitation was conducted by a fiber-coupled Dr. Mergenthaler diode laser 
with a wavelength of 938 nm and an effective maximum power in continuous wave 
mode of 250 W. For the laser line, a FLG-01 collimator was used (50x1 mm). The 
proposed LLST method is based on external excitation provided by a high power laser 
source and analyses the temperature changes generated at the surface. Two thermal 
effects are evaluated: the surface thermal changes due to temperature distribution 
discontinuities in close neighbourhood of the laser line and the black body effect 
generated due to open cracks (5, 7, 17, 18). Figure 2 shows the inspection method setup 
and the components of the equipment. The control unit is a commercial edevis LTvis 
module working with the water cooled laser generator. 
 

  
(a) (b) 

Figure 2. LLST setup (a) and components diagram (b). 
 
2.3 Eddy Current Pulsed Thermography (ECPT) 
 
The induced eddy current penetration depth definition is a key factor in ECPT. This 
parameter is called Skin Depth and is defined as: 
 

                                                          � = 1√����                                                                          (1) 

 
Where µ is the material magnetic permeability (H/m), σ is the electrical conductivity 
(S/m) and f, the excitation frequency (Hz). 
 
The eddy current excitation was performed using a coil designed for this application 
with ferrite cores to increase the current flow concentration. This induction coil was 
developed to adapt the current flow to the coupling geometry. Figure 3 shows the 
inspection method setup and the equipment components.  
 

  
(a) (b) 

Figure 3. ECPT setup (a) and components diagram (b). 
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The electromagnetic generator is a commercial edevis ITvis module IFF EW5 based on 
a voltage amplifier with a signal generation capacity between 10 – 30 kHz. ECTP 
inspection method is based on the heat generated around superficial discontinuities due 
to perturbations in the induced current flow (10, 19, 20). 
 
3.  Experimental results and discussion 
 
The thermal data processing is a key part of the thermographic inspection to ensure 
quality results. The thermograms processing algorithms could be divided in three main 
steps: Pre- processing algorithms to reduce the signal degradation, noise and to prepare 
the signal to the Processing part where the thermal sequence is treated to identify the 
defects and discontinuities on the material, and a Post-processing step to enhance and 
automate the defects detection and quantify the defects characteristics (3, 21). Table 2 
shows the processing algorithms distribution used in each method. 
 

Table 2. Thermal signal processing algorithms. 
 Pre-processing Processing Post-processing 

ECPT 
Bad pixel correction 
Fixed-Pattern noise correction 
Vignetting correction 

Principal components 
thermography 

Contours maps 

LLST Bad pixel correction 
Thermal imagen scan 

reconstruction  
Laplacian filter 

Contours calculation 
 
The PCT algorithm based on singular value decomposition is defined as: 
 
                                                         A=U*R*VT                                                            (2) 
 
Where U is a M x N array that represents the orthogonal empirical functions describing 
the spatial variations in the observations, R is a N x N diagonal array with positive or 
zero elements representing the singular values of array A, and VT the transpose of a N x 
N array representing the main components of the temporal variation (21, 22). 
 
For LLST thermal image scan reconstruction, three reference pixels rows were selected 
for a 2D thermal reconstruction reducing the signal noise and enhancing the defects 
thermal intensity. Then, a laplacian filter was applied before the contours calculation to 
identify material discontinuities (12). 
 
3.1 ECPT 
 
The feasibility study to detect coupling surface defects using an ECPT inspection 
system was performed using a short pulse of 100µs with an inspection time of 1s and an 
induction frequency of 20 kHz. The thermal measurement was performed at a full IR 
camera resolution (640 x 512 pixels) with a recording frequency of 100Hz. The 
resulting thermograms are shown in figure 4 for a coupling section with one vertical 
defect and three horizontal defects. The thermograms (4a and 4c) are the obtained PCT2 
after applying the pre-processing step, and the thermograms (4b and 4d) correspond to 
their contours maps. The open cracks can be easily detected due to the surface thermal 
contract generated by the distortion of the current flow. The defects detectability using 
this inspection method is limited by the discontinuity depth and the coil orientation.  
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However, an automated inspection system was developed using the step by step 
evaluation method in the inspection bench. Despite the high detectably of this 
inspection technique, the pulsed method requires a high inspection time to evaluate the 
entire coupling surface. Therefore, in future works an ECST (Eddy Current Scan 
Thermography) system will be evaluated using a coil designed to reduce the crack 
orientation restriction. 
 

  
(a) (b) 

  
(c) (d) 

Figure 4. ECPT results for external surface inspection. Vertical cracks (a-b) and horizontal cracks 
(c-d). 

 
3.2 LLST 
 
The feasibility study to detect coupling surface defects using a LLST inspection system 
was performed using a continuous laser line pulse of 50x1mm at 133.1W (60% of the 
total laser capacity). The thermal measurement was performed at a full IR camera 
resolution (640 x 512 pixels) with a recording frequency of 100Hz and a coupling 
rotation speed of 12mm/s (tangential speed). Figure 5a shows a raw thermogram for a 
coupling section with four horizontal cracks. After applying the proposed processing 
method, a 2D reconstructed thermogram is obtained, it represents a coupling section 
with open cracks in both directions (see figure 5b). 
 

  
(a) (b) 

Figure 5. LLST results for external surface inspection. Laser line projection thermogram over 
defect zone (a) and partial thermal sequence reconstruction (b).  
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The thermal signal was treated using radiation digital values to avoid temperature 
calculation errors. This inspection technique has a higher thermal sensibility to the 
material surface changes generating signal “noise” that can lead to the detection of false 
positive defects as can be seen in figure 5b. To avoid this effect, several post-processing 
algorithms are proposed (table 2) to get automated voids detection. Using this 
inspection setup, a full coupling surface evaluation can take no more than 5 min of total 
inspection time. 
 
Based on the experimental results, an automated coupling inspection system was 
developed using the LLST inspection method. The inspection system was developed on 
the fully automatic inspection bench using a laser protection chamber. For thermal 
signal processing, a Matlab software was developed following the processing 
algorithms structure. This inspection solution offers an entire coupling surface 
evaluation with automatic defects detection. It also provides a viable alternative to the 
most common NDT inspection methods for coupling components using fast, contactless 
and safe measurements. 
 
4.  Conclusions 
 
In this experimental study two inspection methods were evaluated to develop an 
automatic inspection solution for surface defects detection in Oil&Gas Coupling 
components. Both inspection methods show good results in the detection of surface 
cracks in couplings components. Based on the time needed for the inspection, LLST 
technique was selected to be implemented in an automatic inspection solution using the 
proposed thermal imaging processing algorithm. Future work will be based on the 
evaluation of an eddy current scan solution in order to reduce the inspection time and 
evaluate defects in the internal coupling surface (threaded zone). 
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