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Concerning the safety influence of Stress Corrosion Crack (SCC), its Quantitative Nondestructive Evaluation (QNDE) is significant 

to guarantee the structural integrity of nuclear power plants (NPPs). However, the QNDE accuracy of SCC is still not satisfactory 

especially for the electromagnetic NDE methods such as Eddy Current Testing (ECT). The unknown conductivity distribution in crack 

region is one of the key factors restricting the precision enhancement for SCC sizing with ECT. As an effort to solve this problem, the 

conductivity distribution is investigated in this work through inversion of measured direct current potential drop (DCPD) signals. The 

inversion strategy, consisting of an efficient forward DCPD signal simulator using multi-medium element and the conjugate gradient 

optimization method, is proposed and implemented for the reconstruction of the conductivity distribution around SCC region. The 

reasonable reconstruction results from measured DCPD signals of a SCC specimen validate the proposed scheme. 

 

Index Terms — Finite element analysis, Inverse problem, Nondestructive testing, Numerical analysis, Gradient method 

 

I. INTRODUCTION 

uantitative nondestructive evaluation (QNDE) of stress 

corrosion crack (SCC) is a necessary and critical issue for 

ensuring the integrity of nuclear power plants (NPPs). Eddy 

current testing (ECT), as an effective supplement of ultrasonic 

testing (UT) method for QNDE of NPPs, has advantages over 

UT for treating surface SCC [1]. A lot of studies have been 

conducted on the quantitative ECT of SCC and it was found 

that the conductivity around the SCC may significantly 

worsen the ill-posedness of inverse problem for crack 

reconstruction [2-4]. Up to now, few investigations have been 

reported related to the detailed conductivity distribution in 

SCC region. On the other hand, direct current potential drop 

(DCPD) method is a conventional way for global conductivity 

measurement [5-6]. However, whether it is applicable to 

evaluate local conductivity of SCC is not clear yet. 

Based on the backgrounds, an inversion numerical scheme 

for evaluating the conductivity distribution around SCC from 

DCPD signals is proposed and implemented in this work. An 

efficient DCPD forward simulator with multi-medium element 

(MME) and the conjugate gradient (CG) optimization method 

are adopted for the conductivity reconstruction. From 

measured DCPD signals of the sliced SCC segments, 3D 

distribution of conductivity is obtained for a practical SCC. 

II. INVERSION SCHEME FOR CONDUCTIVITY EVALUATION 

To simulate the DCPD signals due to a SCC, the finite 

element method (FEM) using MME is applied as the forward 

solver. The CG inversion method is adopted to reconstruct the 

conductivity distribution in SCC area. During reconstruction, 

the geometric profile of the SCC is supposed as known 

parameters and was observed with a microscope from the 

sliced SCC planar segments. 

A. Forward simulation of DCPD signals with MME 

A forward numerical simulator is necessary to calculate the 

DCPD signals due to a SCC for reconstruction of crack 

conductivity. Concerning the complicated geometric profile of 

SCC, a 3D FEM code using MME developed by authors is 

updated at first for the efficient simulation of DCPD signals 

due to a SCC [7]. Covered by both air and base material 

(conductor) regions, MME is very efficient to treat crack with 

complicated boundary, such as the SCC [4]. 

 
Fig. 1.  The multi-medium element filled with different materials 

To calculate the element coefficient matrix of MME for a 

SCC, the algorithm described in [7] can be simplified, as the 

width of SCC region is known and the conductivity is constant 

in the crack width direction. In such a case, the SCC region 

can be discretized by the MME as shown in Fig. 1, i.e., no 

material change in the crack width direction. By separating the 

Gauss integration points into crack and conductor groups 

based on the crack bottom boundary curve, the element 

coefficient matrix of a MME can be calculated by summing up 

the values at all the Gauss points with 
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where {N} is the shape function vector and h the crack width. 

Thus the computational efficiency can be greatly improved. 

B. Inversion strategy 

In this work, the CG inverse strategy is updated for the 

reconstruction of the conductivity distribution in SCC region 

together with the efficient forward solver just stated [8]. 

In practice, reconstruction of SCC from DCPD signals also 

can be expressed as an optimization problem, i.e., to search 
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the optimal parameter vector {b} of SCC to minimize the 

error function between the measured DCPD signals {u
exp

} and 

the simulated ones {u
sim

} due to the SCC of profile {b}, and 

the optimization problem can be defined by objective function 
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In general, crack profile vector {b} of a SCC consists of the 

crack shape and conductivity information. Aiming to get the 

3D conductivity distribution in a relatively simple way, only 

conductivity distribution along the crack depth direction is 

taken as the crack parameters in this work, i.e., to slice the 

SCC test-piece into planar segments perpendicular to the crack 

length of given thickness and to reconstruct the crack 

conductivity slice by slice. The crack depth is supposed as a 

known value during the inversion as it can be observed with a 

microscope for the sliced planar SCC segments. By using the 

DCPD signals measured for each sliced segment, the 3D 

conductivity distribution of SCC can be reconstructed. In 

practice, the conductivity distribution along the crack depth is 

approximated with a polynomial function and its coefficients 

are taken as the reconstruction targets. 

III. VALIDATIONS 

A. Experiments for DCPD signal collection 

To validate the DCPD method for conductivity evaluation 

of SCC, 4-probe DCPD experiments are conducted to collect 

DCPD signals of the sliced SCC planar segments. At first, a 

SCC specimen of 304 stainless steel plate is cut into 5 thin 

planar segments of 1.5 mm thickness perpendicular to the 

crack length direction. By applying DC current of 1 A from 

the two edges of the small planar segment (Fig. 2), DCPD 

measurements are conducted and the potential distributions at 

the segment surface are measured by scanning one of the 

pickup electrodes with an automatic stage in a pitch of 0.02 

mm. The potential drops between the neighboring scanning 

points are extracted and applied to evaluate the SCC. As an 

example, a measurement result along the top edge of the 

planar segment is shown in Fig.2 as the solid line. 

B. Numerical example 

As a numerical example, the measured DCPD signal shown 

in Fig. 2 is adopted to reconstruct the crack conductivity with 

the crack depth at the selected SCC segment set as 2 mm. Due 

to the geometric complicity of SCC, the crack width is set as a 

small equivalent value 0.02 mm, which contains the whole 

crack region inside. In addition, the crack depth and width are 

supposed no change in the thickness direction of the sliced 

segment. As a preliminary simulation, the conductivity is set at 

first as a constant in the full crack region, i.e., only zero order 

polynomial is considered as the function of conductivity 

distribution. Fig. 2 shows the DCPD signals simulated with 

the updated DCPD code (dash lines) for relative crack 

conductivity of 1%, 2%, 3%, 4%, 5%, and 6% respectively. 

Comparing with the measured signals, one can find that the 

average conductivity at the SCC region is about 4%. To find 

the conductivity distribution in the crack depth direction, 2D 

signals measured at the whole cross-section surface of the 

planar segment are necessary. In addition, for a crack with 

branch structure, a more complicated numerical model is 

needed. By reconstructing conductivity distribution along 

crack depth segment by segment, the 3D conductivity of the 

whole SCC can be finally obtained. The detailed results will 

be presented in the full paper. 

 
Fig. 2.  Comparison of experimental signals and calibrated simulation results 

IV. CONCLUSIONS 

In this paper, an inversion strategy, consisting of an efficient 

forward DCPD signal simulator with MME and the CG 

inversion method, is developed to reconstruct the conductivity 

distribution around a SCC. The reasonable reconstruction 

results from the measured DCPD signals of a practical SCC 

demonstrate the validity of the proposed numerical scheme. 
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