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Abstract. Orthogonal eddy current sensors operating in differential mode was 

applied to evaluate fatigue cracks in clad pipelines circumferential welds. A 

dedicated electronic hardware was developed to drive the sensors and measure the 
electrical impedance. In the preliminary experiments, an automated inspection was 

performed with the goal to evaluate sensors detectability and different scanning 

speed was tested to reproduce in service situation. The results have shown that the 
presented eddy current transducer is a potential solution for a fatigue crack detection 

on a clad circumferential weld bead.  
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1. Introduction 

The application of clad material to subsea pipelines is gaining ground in deep water oil 

exploration. Its bimetallic configuration presents an attractive combination of 

mechanical strength and corrosion resistance, ensuring the safety and integrity of 

pipelines that connect the reservoir to oil rig. The clad material for oil exploration 

consists of a base material, usually carbon steel, inner coated with a thin layer of 

corrosion resistance alloy (CRA), turning into an attractive economical solution for deep 

water exploration since only a small portion of the noble anti-corrosive alloy is required. 

Clad material has a metallurgical bond between the CRA and the base material attained 

by the carbon diffusion during the hot rolling process [1]. 

The potential for fatigue cracks to occur in pipeline structures due to cycling 

loads inherent of offshore oil production, such as, tide variation, waves, ocean current, 

platform movements, etc., makes necessary have an inspection tool to carry out periodic 

non destructive inspection in the inner pipe surface. In case of clad material, it is crucial 

to detect fatigue crack on its initial stage because if the crack propagates through the 

layer of the CRA and reaches the carbon steel a strong galvanic couple is completed 
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accelerating exponentially the fatigue corrosion process [2]. The most critical point of 

pipeline structures is the circumferential weld [3] and demands special attention during 

inspection. Figure 1 presents a section of clad pipeline with a base material of carbon 

steel API X65 coated with Inconel 625 and highlighted the inspection region with the 

crack position. 

 

 

 
 

Figure 1. Clad pipe with the inspection region highlighted. 

 

This scenario, detection of fatigue crack in Inconel, encouraged the development of 

an eddy current (EC) system with the aim to inner inspect clad pipelines. The main 

challenges are the circumferential weld geometry and the fact that the tool must operate 

in a speed around one meter per second. The goal of the present work is evaluate the 

capability of EC transducer to detect fatigue cracks on circumferential weld bead root of 

Clad pipelines. An orthogonal EC transducer was tested and an electronic hardware was 

built to drive the transducer and measure the testing coils electrical impedance. 

2. Experimental set-up 

Two clad plates were manufactured with a 45 degree bevel to receive a weld bead from 

GTAW weld process. EDM notches with 10.0x1.5x0.2mm were machined in the Inconel 

side between the weld root and the Inconel base material. Figure 2 presents a photo of 

the testing sample and a metallographic image of the weld cross section after mechanical 

grinding, polishing and etching with chromium nitride solution. 

 

A

 
 

B 

 

Figure 2. A) Clad sample with the weld bead and EDM notch and B) metallographic image of the weld cross 
section. 
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The testing coils manufactured to inspect the notch present an orthogonal 

configuration with the layers interweaved as presented by figure 3A. The coils are 

differentially connected thereby reducing spurious signals caused by lift-off variation [4, 

5]. When compared with EC pencil probes, orthogonal coils present low lift-off 

sensitivity, reducing lift-off variation from 40 dB/mm to 8 dB/mm. For weld inspection 

orthogonal coils configuration present significant results because spurious signals arising 

from some specific materials characteristics or from some physical structures that are 

common to both coils are annihilated thereby providing no undesirable response. The 

transducer testing frequency was 400 kHz and to assist the inspection a KUKA robotic 

arm model Hollow Wrist with KRC4 controller was used. With a payload of five 

kilograms, the robotic arm carry the sensors and tests different inspection speed from 

0.05 m/s to 1.0 m/s. 

 

A 

 

 
 

B 

 

 
 

Figure 3. A) Orthogonal coils with the layers interweaved and B) KUKA robotic arm for automated 

inspection. 
 

The electronic hardware drives the sensors and measure the electrical impedance. 

Figure 4 presents the block scheme of the measuring system. Initially the algorithm 

implemented in the microprocessor to calculate the real and imaginary part of the coil 

impedance was the Fast Fourier Transform (FFT) but later in order to improve the 

hardware time processing Goertzel algorithm replaced FFT. Goertzel algorithm is an 

efficient evaluation of individual terms of the Discrete Fourier Transform (DFT) [6]. 

Equation 1 presents the computed DFT term for the input sequence x[n] in the 

frequencies chosen  for the Goertzel analysis. The index  indicates the frequency bin 

of the DFT. 
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Figure 4. Schematic block of the hardware to drive the eddy current coils and evaluate the impedance 

variation. 

 

 

                                                                                  (1) 

    

where:   and . 

 

The use of Goertzel algorithm presented a significant improvement in the hardware 

data streaming. When compared with FFT, Goertzel presented a calculation speed six 

times faster, however once it calculates only a single term of the DFT some relevant 

information is lost, such as, the total harmonic distortion (THD) which gives evidences 

about the behavior of the coil input excitation signal. If the input signal saturates the A/D 

converter it can be easily noticed by the distortion caused in the FFT spectrum. Finally, 

with the faster calculation and less data in the streaming package (THD data is only 

calculated in the FFT version) the total data rate of the electronic hardware increased 

from 50Hz to 100Hz with Goertzel. Figure 5 presents two oscilloscope images of the 

impedance calculation and data transmission time of both algorithms. 

 

 

Figure 5. Oscilloscope images showing the time processing achieved by FFT and Goertzel algorithm. 

3. Results 

The testing sample was scanned with orthogonal EC transducer and different scan speed. 

Figure 6 presents the automated tests with EC orthogonal transducer on a clad sample 

and the inspection results of the resistance and inductive reactance. One can observe that 
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the notch indication was clearly separated from the weld bead on both impedance 

components, presenting a SNR of 14 dB. 

 The inspection speed is an important parameter for the tests because once the 

inspection tool carrying the sensors navigates inside the pipe it is propelled by the oil and 

the oil flow determines the tool speed in field situation. Therefore, a fast inspection tool 

results in a shorter inspection process, which means higher oil production during the 

inspection and a shorter interference in the production original course. Figure 7 presents 

different inspection speed of a single transducer passing over the weld and the notch. 

The presence of the notch amplifies the signal resistive component and in case of the 

inductive reactance a second peak in the weld signal is verified, being very prominent in 

the low speed tests of: 0.05, 0.1 and 0.15 m/s. However when the inspection velocity is 

increased such variation is not so notable. For high speed tests, 0.5 and 1.0m/s, it is 

possible to notice a different behavior in the resistance and reactance signal. The 

resistance signal is attenuated mainly because of the intense physical impact of the 

transducer in the weld root penetration, which is negligible in the lower speed tests, 

besides that, the notch peak in the inductive reactance signal start to merge in the weld 

signal due the fact of less inspection data. It is important mention that the hardware data 

rate was the same for all speed condition, 100 Hertz, but as the speed is increased the test 

longitudinal resolution decreases.  At 1.0m/s, the red arrow indicates a smooth 

deformation in the weld signal caused by the EDM notch. 

The hardware data rate is a relevant parameter for high speed tests, the 

implementation of Goertzel algorithm enhanced the processing time of the impedance 

evaluation, however the data streaming still need to be improved to achieve a better notch 

identification at 1.0 m/s. 

 

 
 

Figure 6. Inspection result of the clad sample with the notch besides the weld bead. 
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Figure 7. Different speed tests inspection. In red is highlighted the notch indication in velocities of 0.5 and 

1.0 m/s. 

4. Conclusions 

The weld root of clad samples were inspected with orthogonal EC coils and was possible 

to clear identify the EDM notch.  

A dedicated hardware was developed and the Goertzel algorithm was 

implemented to improve the hardware data rate, and, seems to be a good alternative for 

high speed inspection tools where only a single frequency can be evaluated. The 

hardware limitation is the data streaming and tests with Ethernet instead USB will be 

performed.  

Different speed inspection was tested assisted by a robotic arm and was noticed 

that when the speed is increased the notch identification starts to merge with the weld 

signal requiring special signal processing.  

Acknowledgements 

Authors gratefully acknowledge sponsorship by PETROBRAS, CAPES and CNPq. A 

special acknowledgement for BUTTING for the clad material donation. 

References 

[1] Jones, R., Karunakara, N, D., Mair, J.,Wang, H., “Reeled Clad SCR Weld Fatigue Qualification”, Subsea 

7 and Exxon Mobil Development, OMAE 2008. 
[2]  Largura, J. Prediction of Fatigue Behavior of Seal Welds of Lined Pipes. Master’s thesis, COPPE/UFRJ, 

Rio de Janeiro, RJ, Brazil, September, 2011. (in Portuguese) 

C. Camerini et al. / Eddy Current System for Clad Pipe Inspection78



[3]  Da Silva. S.E. Fatigue Crack Propagation in Circumferential Welded Joints of Steels for Rigid Risers Class 

API 5l Grade X80. Engineering graduation project. Escola Politécnica/PEMM/UFRJ, Rio de Janeiro, RJ, 

Brazil, March, 2010. (in Portuguese) 
[4] N. Yusa, L. Janousek, Z. Chen and K. Miya, "Diagnostics of stress corrosion and fatigue cracks using 

benchmark signals", Materials Letters, vol. 59, no. 28, pp. 3656-3659, 2005.  

[5] A. D. Watkins, D. C. Kunerth, “Eddy Current Examination of Spent Nuclear Fuel Canister Closure Welds” 
2006 International High Level Radioactive Waste Management Conference (IHLRWM), Idaho 2006 

[6] Tan , Li . Digital Signal Processing: Fundamentals and Applications, Elsevier, 831 p., 2008. 

 
 

C. Camerini et al. / Eddy Current System for Clad Pipe Inspection 79


