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Abstract  

In the present study a differential probe for the pulsed eddy current (PEC) has been fabricated to detect the sub 

surface cracks of thick plate. The tested sample is a SS304 of thickness 5mm; small electromagnetic discharge 

(EDM) notches were machined in the test sample at different depths from the surface to simulate the sub surface 

cracks in a pipe. The PEC probe has two excitation coils and two detecting Hall-sensors. The difference of two 

sensors is the resultant PEC signal. The cracks under the surface were detected using peak amplitude of detected 

pulse; in addition for the clear understanding of the crack depth, the Fourier transform is applied. In the time 

domain the peak amplitude of the detected pulse is decreased and in frequency domain the magnitude of low 

frequency component has been increased with increasing the crack depth. The experimental results have 

indicated that the proposed differential probe has the potential to detect the sub surface cracks in a stainless steel 

structure. 
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1.  Introduction 
 

Nondestructive testing (NDT) of the steel structures for the identification of sub-surface 
cracks has always been great industrial interest. The cracks and defects are real threat for 

reliability of a structure, as they can rapidly grow to cause failures of structural integrity, to 

prevent these failures nondestructive testing (NDT) is used as a predictive approach to 

maintain the safety of the structures [1]. The PEC testing is one of the most effective methods, 
which has been demonstrated to be capable of tackling different inspection tasks, such as sub-

surface defect detection in complex structures [2-4]. Among the available conventional NDT 

methods, one of the most used is eddy current testing (ECT) to detect the flaws in conductive 

materials [5, 6]. The conventional ECT uses the single frequency sinusoidal excitation for the 
detection of the defects or flaws as a function of change in voltage, impedance or phase, 

because of limited depths of penetration and complexity in signal analysis ECT was confined 

to limited applications [7]. Unlike conventional ECT the PEC uses pulse of electric current 

through the excitation coil. Because of many advantages of PEC over the conventional eddy 
current method, such as low power consumption due to the short pulse excitat ion, this method 

more is economical than other NDT methods. Because of broad band nature a pulse PEC has 

the capability to penetrate different depths in a conductive material and provides the depth 

information of the defects [8, 9]. Even though the use of PEC has long been considered for the 
testing of materials [10, 11], the PEC testing becomes the subject of wide spread interest in 

nondestructive testing in recent decades, because of advancement of technology such as 

computer data acquisition and digital signal processing. The PEC has the capability such as 

measurement of thickens, conductivity and has been particularly developed for sub-surface 
crack measurements, crack reconstruction, and depth estimation [12-14].   

In the present study a double-D differential probe has been developed, Usually in the PEC a 

reference signal has to be taken before measurements [15] for the difference process 

(reference signal subtracted forms the measured signal). The double-D probe has self 
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difference characteristics; hence reference signal is no longer needed. The paper is arranged 
as follows; firstly the experimental setup, probe design and testing sample were given in 

section 2. The experimental results with scanning of test specimen and signal processing were 

included in section 3. Finally, section 4 followed by conclusions.  

 

2.  Experimental Setup and PEC Probe 
 

The PEC system has an arbitrary waveform generator, a power amplifier to amplify the pulse 
and drive the excitation coil in the PEC probe, a differential PEC amplifier, and a data 

acquisition system as shown in Figure.1 (a).  The configuration of probe is as shown in 

figure.1(b), the core of the probe is fabricated by two semi circular shaped cylinder cores were 

joined together to form a double-D shaped core, the copper wire of 100  turns has been wound 
on both the D-shapes of the core and both the coils were connected in series. Two Hall 

sensors were placed inside center of the each coil, to get the field from the coils, difference of 

the field which detected by the sensors is used as the resultant PEC signal. The tested sample 

is a SS304 steel of 5mm thickness, 80 mm width and 220mm length. To simulate the cracks 
in steel pipe, small EDM cracks having the width of 0.2mm and length of 20mm at different 

depths 1, 1.5, 2, 2.5mm (crack1, 2, 3, 4 respectively) from the sample surface (probe position) 

were machined one side of the sample. During the PEC measurements the probe has been 
place on the opposite side of crack surface to detect the sub-surface defects in the tested 

sample. The PEC probe is fixed to the X-Y scanner to perform the manual scanning on the 

defect free side of the tested sample. A Lab VIEW based data acquisition program was 

developed to continuously monitor the variation in the thickness of the sample and is 
observed on the computer screen. The time domain feature which is the peak value of 

detected pulse is used for the scanning test to detect the sub-surface cracks in the stainless 

steel tested sample 

 
 

 

 

 
 

 

 

 
 

 

 

 

 

Figure 1. (a) configuration of PEC system, and (b) design of the double-D differential probe  

 

Briefly, the PEC system works as follows; a rectangular waveform with variable frequency 

and duty cycle produced by an arbitrary waveform generator. The waveform is fed to a pulse 
amplifier to drive the excitation induction coil in the probe. The pickup sensors (Hall-1, Hall-

2) will measure the vertical resultant magnetic field, which is the vector sum of the field one 

generated by the excitation coil and the opposing one generated by the induced eddy current 

in the sample. The outputs of Hall-1 and Hall-2 were given to a difference PEC amplifier with 
variable gain then the difference of two detecting sensors is used as PEC signal.  

 

3.  Experimental results and feature extraction 



 
As shown in Figure.1 the PEC probe has two excitation coils are wounded opposite to each 

other on a ferrite core and are connected electrically in series. The excitation coil has been 

driven by a 2A, 2.5ms pulse with 50Hz repetition rate. When the probe is driven by a pulse, 

field detected by the Hall-sensor 1 (Hall-1) and the Hall-sensor 2 (Hall-2) and the difference 
signal were shown in Figure. 2, here the response from both sensors is almost same.  

 

 

 
 

 

 

 
 

 

 

 
 

 

 
 

Figure 2. The response of two Hall sensors and the corresponding difference pulse when the probe is excited by 

a pulse width of 2.5 ms 
 
 

 

 

 
 

 

 

 
 

 

 
 

 

 
Figure 3. The Pulsed Eddy Current response to the crack depending the depth 

 
As the sensors detects the sum of excitation field and induced eddy current filed, technically 

we can understand  that, because of the differential arrangement of two sensors the excitation 

field is nullified, hence only the induced eddy current fields were detected.  If the probe 

placed on the sample in such a position that one of the Hall-sensor comes above the crack and 
other sensor on defect free position. Then the detected differential pulse is of interest to 

interpret the results, the important characteristic is the peak value of the pulse. As shown in 

figure. 3, the detected pulse amplitude is decreased with increasing the crack depth, because if 

the crack is nearer to the surface of the sample (higher volume of crack or higher metal loss) 
that means there is large difference of conductive area present under the two Hall-sensors 

hence the differential pulse amplitude is high, but if the crack is far from the sensor (lower 

volume of crack or lower metal loss) then the conductive area present under the two sensors is 



almost same so the difference pulse is peak is less. There are several signal processing 
methods can be applied to analysis the PEC signal [16], here in the present study the Fourier 

transform of the pulse has been devised. The results shows that the FFT of the PEC response 

for the crack nearer to the surface has the small value of lower frequency component but 

dominates in the higher frequency region, and response for the crack at larger depth has 
dominant response in lower frequency range.  

 

 

 
        

 

 

 
 

 

 

 
 

 

 
 

Figure 4. The FFT of the Pulsed Eddy Current response to the crack depending the depth 
 
Since the detected pulse consists of a broad frequency spectrum, it contains the important 

depth information, physically, the field is weakened as it travels deeper in to the highly 

dispersive material [17]. In other way because of broad band nature of the PEC, the greater 

amount frequencies in a pulse return the affluent information at many depths of test sample; 
according to skin depth relation lower frequency components can penetrate more depth in to 

the sample, the test sample acts like a frequency filter [18]. Figure 5 shows the scanning 

results of tested sample, during the scan the probe has been placed on the defect free side of 

the sample, the measurement feature for the scanning test is the peak amplitude of the 
detected pulse.  

 

 

 
 

 

 

 
 

 

 

 
 

 

 
Figure 5. The scanning results of PEC probe scanned on the defect free side of the test sample  

 

 

 



4.  Conclusions 
 

The nondestructive evaluation (NDE) method to detect the sub surface crack using PEC under the 

thick stainless plate has been devised. A differential probe which is used in PEC system has been 

fabricated for the detection of sub-surface cracks in stainless steel type SS304 pipe. The EDM 

notch of length 25, width 0.2 and depth 1 to 2.5 mm from the probe surface were detected using 
specially designed double-D differential PEC probe. The amplitude of the signal induced by crack is 

decreasing as the distance from the probe to crack increases. The time domain features of detected 
pulse such as pulse amplitude was used to detect the cracks. The signal processing techniques 

such as Fourier transform for the detected pulse was derived to analyze and understand the 

PEC results. These parameters are well described the sub-surface crack.  The scanning results 

were successfully displayed on the computer monitor. The results show the proposed 
differential PEC technique has the potential to detect the minute subsurface cracks in 

pipelines. 

 

References 
 

1. L Udpa and S S Udpa, 'Neural Networks for the Classification of Non-Destructive 

Evaluation Signals', IEE Proceedings-F, Vol 138, No 1, pp 201-205, February 1991. 

2.     J. Blitz, ‘Electrical and magnetic Methods of Nondestruc- tive testing’, Chapman & Hall,  
        London, pp.163, 1997. 

3.     Yunze He, Feilu Luo, Mengchun Pan, ‘Defect characterisation based on pulsed eddy  

        current imaging technique’, Sensors and Actuators A, Vol 164, pp 1-7, 2010. 

4.     J.C. Moulder, J.A. Bieber, W.W. Ward III, J.H. Rose, ‘Scanned pulsed eddy current  
         instrument for non-destructive inspection of aging aircraft’, SPIE 2945, pp 2–13,1996. 

5.      E. E. Kriezis, Theodoros D. Tsiboukis, Stavros M. Panas and John A. Tegopoulos, Eddy  

         currents: Theory and applications’, Proceedings of IEEE, Vol. 80, No. 10, pp 1559-   
        1589, Oct 1992. 

6.     B.P.C. Rao, B. Raj, T. Jayakumar and P. Kalyanasundaram, An Artificial neural network  

        for eddy current testing of austenitic stainless steel welds,, NDT&E Internationl, Vol. 35,  

        pp 393-398, 2002. 
7.     G. Y. Tian, Z. X. Zhao, and R. W. Baines, ‘Computational algorithms for linear variable  

        differential transformers (LVDTs)’, Proc. Inst. Elect. Eng., vol. 144, no. 4, pp 189–193,  

        Apr. 1997. 

8.    Xiangchao Hu, Feilou Luo, ‘Influence of different excitation parameters upon PEC   
       testing for deep layered defect detection with rectangular sensor’, computer,  

       Mechatronics Controll and Electronic Engineering (CMCE), Int. Conf. on, Vol.3,  

       pp 579-582, Aug 2010. 

9.    Abdin I. Z, Mandache C, Tian GY, Morozov. M, Pulsed eddy current testing with  
       Variable duty cycle on rivet joints’, NDT&E Int., Vol  42, pp 599-605, 2009. 

10.  H. L. Libby, Introduction to electromagnetic non-destructive test methods’, John wily &  

       sons, Inc., New York, pp 157, 1971.   

11.  D. L. Waidelich, ‘pulsed eddy current testing of steel sheets’, Eddy current  
       Characterization of materials and structures, ASTM (American society for testing and  

       materials) STP Vol 722, pp 367, 1981. 

12.  Yunze He, Mengchun Pan, Feilu Luo, Guiyun Tian, ‘pulsed eddy current imaging and  

       frequency spectrum analysis for hidden defect nondestructive testing and evaluation’,  
       NDT& Int., Vol 44, pp 344-352, 2011. 

13   Yang H.C, Tai C.C, ‘pulsed eddycurrent measurement of a conducting coating on a  

       magnetic metal plate’, Meas Sci Techno.l, Vol 13, pp 1259-1265, 2002. 



14.  G.Y. Tian, A. Sophian, D. Taylor, J. Rudlin, ‘Multiple sensors on pulsed eddy current  
       detection for 3-D subsurface crack assessment’, IEEE Sens. J., Vol 5, pp  90-96, 2005. 

15.  Yuri A. Plotnikov, Walter J. Bantz, Subsurface defect detection in metals with pulsed  

       eddy current’, Rev. of Quantitative Nondest. Eval., Vol. 24, pp 447-454, 2005. 

16.  C. S. Angani, D.G. Pak, C. G. Kim, P. Leela, P. Kollu, Y. M. Cheong, ‘The pulsed eddy  
       current differential probe to detect a thickness variation in an insulated stainless steel’, J.  
       Non-destructive Evaluation, Vol 29, pp 248-252, 2010. 

17.  W. Youhua, W. Junhua, L. Jiangui and L. Haohua, ‘Computational technologies in  
       electrical and electronics engineering’, Proc. Of Int. Conf. On CTEEE (Novosibirsk,  
       Russia), region 8, Sibircon, Vol 238, 2008 

18.  R.A. Smith, G.R. Hugo, ‘Deep corrosion and crack detection in aging aircraft using  

       transient eddy current NDE’, Rev. Prog. Quant. Nondestruct. Eval., Vol 6A, pp 1401– 

       1408, 1999. 
  

 

 


