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ABSTRACT 

This study demonstrates superposing several eddy current distributions enables one to size defects 

much deeper than the depth of penetration from eddy current signals. A probe developed in an 

earlier study of the authors is utilized for the demonstration. The probe consists of four large exciters 

and one detector; the uniqueness of the probe is to realize an eddy current distribution that does not 

decay exponentially directly below the detector. As a consequence the probe shows clear difference 

between signals due to two defects of different depths even though both of them are deeper than the 

depth of penetration. Inverse problems of evaluating the profiles of defects from measured signals 

are solved using parameter-free genetic algorithm. A defect is modelled as a rectangular region, and 

coded as a 24-bit integers representing depth, conductivity, and left and right position of the edge of 

the defect. Edge-element-based finite element code based on Ar formulation, accelerated by a 

database approach, is utilized to evaluate signals due to a defects. Numerical simulations show good 

agreement between true and evaluated near-surface defect profiles even though a defect is 20 mm 

deep and an exciting frequency of 100 kHz is adopted. 
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1. Introduction 

Eddy current testing is a nondestructive testing method suitable for the detection of surface breaking 

defects. In contrast it is not always easy to size - namely to evaluate the depth of the defect- from the 

measured signals. Quite a few studies such as [1]-[3] have utilized computer simulations to size 

defects from eddy current signals, and have reported success not only in case of artificially-induced 

slits but also natural stress corrosion cracking found in a steam generator tube of a nuclear power 

plant [3]. 

However, it is yet difficult to size deep defects using eddy current testing. Eddy currents induced in 

a conductor concentrate on the surface because of the skin effect, which hampers one from obtaining 

M
or

e 
in

fo
 a

bo
ut

 th
is

 a
rti

cl
e:

ht
tp

s:
//w

w
w

.n
dt

.n
et

/?
id

=8
09

7



 342

quantitative information about the depth of a defect if the defect is deeper than a certain depth. 

Whereas low frequency excitation realizes deeper penetration of eddy currents and thus suitable 

from the viewpoint of sizing deep defects as demonstrated in [4], from practical point of view higher 

frequency is preferable because it leads to larger signal and localized eddy currents.  

This study has been conducted on the basis of the background above. A unique eddy current testing 

probe developed in an earlier study [5] is utilized; and the cross-sectional profile of a defect is 

evaluated from the signals with the aid of a computational inversion technique. Numerical 

simulations show good agreement between true and evaluated near-surface defect profiles even 

though a defect is 20 mm deep and an exciting frequency of 100 kHz is adopted. 

2. Eddy current probe 

The eddy current testing probe utilized in this study is shown in Fig. . The probe consists of four 

large exciters and one pancake type detector situated at the centre of the exciters. The four exciters 

have the same dimension and number of turns. The two outer exciters- exciter 1 and 4- and the two 

inner ones- exciter 2 and 3- are connected in series so that eddy currents induced by the outer 

exciters flow always opposite to the ones by the inner ones.  

In general the depth of penetration mainly depends on the exciting frequency and electro- magnetic 

characteristics of a conductor where eddy currents are induced. However it also depends slightly on 

other parameters such as the distance from an exciter coil [6]. The eddy currents induced by the two 

outer exciters are relatively weaker than the ones by the two outer exciters on the surface of a 

conductor; the former currents decay in the depth direction is slightly gradual than the latter ones. 

Consequently, eddy currents induced by the two inner coils are dominant near the surface; those by 

the outer two at the deep in the conductor. Since the eddy current distribution realized directly below 

the detector does not exponentially decay in depth direction, signals obtained using this probe 

contains quantitative information about the depth of a defect even though the defect is much deeper 

than the depth of penetration.  

Fig.  shows trajectories of eddy current signals obtained using this probe. The defects considered are 

near surface slits measuring 5, 10, 15, and 20 mm in depth, 40 mm in length, and 0.5 mm in width 

introduced into an austenitic stainless steel plate. The probe scans along a slit. An exciting frequency 

of 100 kHz was adopted. The figure shows that the signals due to the four slits are clearly separated 

although the skin depth is approximately 1 mm. One can find more detailed explanation on the 

principle of the probe in [5]. 

Fig. 1: Eddy current testing probe utilized in this study 
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3. Sizing of deep defects 

This study evaluates the cross-sectional profile of a defect from measured signals using a genetic 

algorithm. Whereas an earlier study of the authors have indicated that in general genetic algorithms 

are not so suitable for eddy current inversion problems [7], parameter-free genetic algorithm 

proposed in [8] is utilized because it is easy to implement the algorithm. 

The basic principle of the strategy adopted is to find a defect profile whose signal, V
eval

, minimizes 

    ,  [1] 

where V
true

 is true signals, and subscript i indicates signals measured at the i-th scanning point and N 

is the total number of scanning points. Signals obtained at 61 scanning points, along a scanning line 

running directly above and along a defect, with 1 mm pitch are utilized to calculate . The former 

signals, V
eval

, are obtained by numerical simulations using finite element analysis code based on Ar 

formulation. Since quite a few iterative simulations are necessary, the code is accelerated by a 

database approach developed in [9]. In order to consider defects whose boundary does not match 

finite element division, a meshless computation technique proposed in [10] was adopted. 

Fig. 2: Eddy current signals due to near-surface slits. Exciting frequency is 100 kHz. 

A defect is assumed to have a rectangular profile with a fixed width of 0.5 mm as shown in Fig. , 

and its depth, the location of the left and right edge, and conductivity inside defect are evaluated. A 

defect is coded as a 24-bit integers, and each of the four parameters is represented by 6-bit integers. 

The locations of the edges are assumed to be -22 to 22 mm with 1 mm pitch; the depth is 0.375 to 

24.000 mm with 0.375 mm pitch; and the conductivity inside a defect is 0 to 63% of base material's 

one with 1% pitch. 
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Fig. 3: Crack modelling 

Table 1 presents the profiles of three defects whose profiles are estimated in this study. All defects 

are near-surface defect appearing an austenitic stainless steel plate. Namely, signals are measured at 

the surface where the defects open. Exciting frequency of 100 kHz is adopted. Note that all defects 

are much deeper than the depth of penetration. Signals due to the three defects, which are computed 

by numerical simulations, are polluted with 10 % artificial white noise to generate V
true

. The

simulations to estimate defect profile were carried out until  becomes less than 0.5 x10
-2

.

Table 1: True profiles of the three defects to be sized 

Left edge (mm) Right edge (mm) Depth (mm) Conductivity (%)

Case 1 -18 18 18.75 0

Case 2 -16 22 11.25 0

Case 3 -18 18 18.75 5
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Table 2: Estimated profiles 

Test Error, .
Left edge 

(mm)

Right edge 

(mm)

Depth

(mm)

Conductivity 

(%)

Case 1 1 0.231x10
-2

-20 17 18.000 0

2 0.184x10
-2

-19 16 17.625 0

3 0.285 x10
-

-20 17 19.175 0

4 0.167x10
-2

-20 17 20.000 0

5 0.103x10
-2

-19 16 18.375 0

Case 2 1 0.400 x10
-2

-16 20 11.625 0

2 0.350 x10
-2

-18 21 10.875 0

3 0.112 x10
-2

-17 20 11.250 0

4 0.219 x10
-2

-19 21 11.250 0

5 0.265 x10
-2

-17 20 10.875 0

Case 3 1 0.969 x10
-3

-19 16 7.125 5

2 0.867 x10
-3

-19 16 16.125 5

3 0.781 x10
-3

-19 16 23.625 5

4 0.681 x10
-3

-19 16 9.750 5

5 0.901 x10
-3

-19 16 24.000 5

      (a) Error        (b) length 

Fig. 4: History of the estimation, Case 1 
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      (c) depth      (d) conductivity 

Fig. 4: History of the estimation, Case 1 

     (a) Error     (b) length 

    (c) depth     (d) conductivity 

Fig. 5: History of the estimation, Case 2 

The results of the sizing are summarized in Table . Since the algorithm utilizes random number, 

simulations were conducted five times with a different random seed. One can observe the two 

nonconductive defects, Case 1 and 2, are sized well; in contrast the conductive one, Case 3, is not so 

correctly reconstructed. The evolutions of  and other parameters are shown in Fig 4-6. 

Computational time necessary for the sizing was much less than one hour on a PC with a Pentium 

IV, 3.0 GHz processor. 
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     (a) Error     (b) length 

    (c) depth     (d) conductivity 

Fig. 6 History of the estimation, Case 3 

4. Conclusion 

This study demonstrated that it is possible to evaluate the depth of a defect that is much deeper than 

the depth of penetration using eddy current signals if the unique eddy current probe is utilized. 

Parameter-free genetic algorithm was adopted to solve the inverse problem of estimating the cross-

sectional profile of a defect from measured signals. Numerical simulations showed good agreement 

between true and estimated profiles even though the signals were artificially polluted with 10% 

white noise when nonconductive defects are considered. In contrast, it was difficult to evaluate the 

profile of conductive defects.  

Stress corrosion cracking should be modeled as a conductive region with a certain width, a fatigue 

crack can be considered as an insulating wall from the viewpoint of eddy current testing [11][12]. 

Consequently the approach shown in this study would be suitable to evaluate the depth of deep 

fatigue cracks, whereas the sizing of deep stress corrosion cracking [13] would remain unsolved.  

5. References 

[1] Badics Z., Komatsu H., Matsumoto Y., Aoki, K.: Inversion scheme based on optimization for 

3-D eddy current flaw reconstruction problems, Journal of Nondestructive Evaluation, Vol. 17, 

No. 2, 1998, 67-78. 

[2] Huang, H. and Takagi, T. Inverse analyses for natural and multicracks using signals from a 

differential transmit-receive ECT probe, IEEE Transactions on Magnetics, Vol. 38, No. 2, 

2002, 1009-1012 



 348

[3] Yusa N., Chen Z., Miya K., Uchimoto T., Takagi T.: Large-scale parallel computation for the 

reconstruction of natural stress corrosion cracks from eddy current NDT signals. NDT&E 

international, Vol. 36, 2003, 449-459. 

[4] Chady T., Baniukiewicz P., Sikora R.: Analysis of complex differential eddy current 

transducer for deep flaws evaluation. Nondestructive Testing and Evaluation, Vol. 24, 2009, 

61-68. 

[5] Janousek L., Yusa N., Miya K.: Utilization of two-directional AC current distribution for 

enhancing sizing ability of electromagnetic nondestructive testing methods. NDT&E 

international, Vol. 39, 2006, 542-546. 

[6] Mottl Z.: The quantitative relations between true and standard depth of penetration for air-

cored probe coils in eddy current testing. NDT International, Vol. 23, No. 1, 1990, 11-18. 

[7] Yusa N., Rebican M., Chen Z., Miya K, Uchimoto T., Takagi T.: Three-dimensional inversion 

of volumetric defects profiles from electromagnetic nondestructive testing signals by means of 

stochastic methods with the aid of parallel computation. Inverse Problems in Science and 

Engineering, Vol. 17, 2005, 47-63. 

[8] Kizu S., Sawai H., Adachi S.: Parameter-free genetic algorithm (PfGA) using adaptive search 

with variable-size local population and its extension to parallel distributed processing. IEICE 

Transactions, Vol. D-II, J-82-D-II, No. 3, 1999, 512–521. 

[9] Chen Z., Kurokawa M., Miya K.: Rapid prediction of eddy current testing signals using A-

method and database. NDT&E international, Vol. 32, 1999, 29-36 

[10] Fukutomi H., Takagi T., Tani J.: A meshless finite element method for modelling coils and 

cracks to simulate eddy current testing. Transactions of the Japan Society for Mechanical 

Engineers A, Vol. 64, No. 622, 1998, 1541-1547. 

[11] Yusa N., Perrin S., Mizuno K., Miya K.: Numerical modeling of general cracks from the 

viewpoint of eddy current testing, NDT&E international, Vol. 40, 2007, 577-583. 

[12] Yusa N., Miya K.: Discussion on the equivalent conductivity and resistance of stress corrosion 

cracks in eddy current simulations. NDT&E international, Vol. 42, 2009, 9-15. 

[13] Yusa, N., Janousek, L., Rebican, M., Chen, Z., Miya, K., Dohi, N., Chigusa, N., Matsumoto, 

Y.: Caution when applying eddy current inversion to stress corrosion cracking, Nuclear 

Engineering and Design, Vol. 236, 2006, 211-221. 


