Reconstruction of Deep Stress Corrosion Cracks
Using Signals of the Pulsed Eddy Current Testing
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Abstract—In this paper, signals of Pulsed Eddy Current Testing using the spectrum analysis of the PECT signals. Numerical

(PECT) are applied to sizing of deep Stress Corrosion Cracks simulation and validations are also presented.
(SCCs) based on the multilayer reconstruction strategy in order

to improve the sizing accuracy of SCCs. The shape profiles and 1. SIMULATION METHOD FORPECT SGNALS
conductivity of a SCC at different depth are reconstructed st@ . . .
by step by using different harmonic components of the PECT To calculate PECT signal, a code of the time domain

signals. The profiles of cracks are reconstructed from simulated integration method based on the Ar formulation is developed
signals of conductive notches and measured signals of an artificial The constant time step Crank-Nicholson method is adopted to
SCC. It is demonstrated that the PECT signals are applicable gqjye this transient eddy current problem.

for the reconstruction of SCCs. Through Galerkin FEM discretization, the governing equa-
tions of electromagnetic field of the Ar formulation can be
expressed as,

In regular Nondestructive Testing (NDT) for key struc- 0A

tural components of nuclear power plants, it is necessary to [K]{A} +[C] E} ={M}M(1) @)
guantitatively evaluate the crack profile especially rdgay whereI (t)

the depth information in order to select a proper maintex | 11 are the global coefficient matrices. For transient
nance strategy. Recently, Eddy Current Testing (ECT) shoygypiem, the derivative teriA/dt can be replaced by using

capability in crack sizing [1-2]. Traditional ECT techn®U {ha time difference A* — A*—1) /At with k being thek — th
is the single frequency excitation and only provides limhite o step,At being the time step and* = A(kAt). In order

data. Sizing of natural cracks using traditional ECT oftep, jmprove the integration stability, the Crank-Nicholstirect
underestimates the crack depth especially for Stress §lorro integration method replace the vectdrby

Cracks (SCCs) because of their complicated microstrusture

To improve the sizing precision, a multilayer inversioragtgy A=0AM1 4 (1-0)A", 2
has been proposed to reconstruct a deep SCC by using multigigsrep (0 < 9 < 1) is a coefficient parameter to control the
frequency ECT signals [3]. To obtain ECT signals of multiplgiapility of the integration. By substituting equati¢®) into

frequencies, however, many inspections have to be pertbrmg, ;ation(1), the vector potentiald at present time step can
and sometime the probe needs to be changed because ofyeiculated through

frequency range. As it is difficult to keep testing condigon A

constant for different ECT testing, it is hard to achievehhig [K](1 = 0)At + [C]{ A} k1

accuracy reconstruction results. = AUM M (t, + kAt) +[[C] = [K]OAG{A™ ) (3)
Pulsed Eddy Current Testing (PECT) technique [4] is a Based on the formulae described above, a numerical code

relative new NDT method. As its excitation current is in formo calculate PECT signals is developed based on an edge

of a pulse, PECT signals have rich frequency information artement code of Ar formulation. The validity of the PECT

can catch information from relative deep position of tasgetode has been verified by calculating conventional ECT $sgna

under inspection. Recently, it has been proved that the PE@hose excitation current was set as sinusoidal wave. Bath th

signal from a local defect is the superposition of multiplamplitude and phase of the signals can be properly calcilate

frequency ECT signals corresponding to the defect [5]. Which demonstrated the validity of the proposed method and

other words, multiple frequency signals can be obtainethfrothe corresponding numerical code.

the PECT signal by using spectrum analysis. As the signals

of different frequencies can be obtained at the same tinge, th  !ll. CORRELATION OFECTAND PECT SGNALS

testing conditions problem mentioned above can be avoided.As well known, a square-wave can be represented by a
In this paper, a inversion scheme is proposed for sizirsgimmation of sinusoidal waves. Therefore, PECT signal unde

deep SCCs based on the multilayer reconstruction stratggyab square-wave excitation can be considered as a summation

I. INTRODUCTION

is the time function depended on excitation current,
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deeper layers. In this way, the sizing accuracy is possibbet
Fig. 1. Comparison of harmonic components of PECT signals anl EGmproved by using signals of multiple frequencies. Hemaft
signals of corresponding frequency under a sinusoidal vexeéation this method will be called as the layering analysis strategy

of signals due to the excitation of single sinusoidal wave in [N practice, the depth of each layer is set as a constant
different frequencies if the electromagnetic materiaperies Value referring to the skin depth of the selected highest
are linear. Similarly, to know the signal due to a single freé2xcitation frequency, while the crack conductivity andgén
quency excitation, one only needs to get the signal compon&@an be different in different layers. As the crack width and
of corresponding harmonics from the PECT signal. Supposifgnductivity simultaneously affect the crack signal, thack
that the probe excitation current I(t) is a square wave Wity Wldth can be taken as a constant for all c;rack segments if we
period,50% duty, and4, amplitude, the excitation current canconsider the crack conductivity as an equivalent paranféler

be represented by a series of sinusoidal waves as, In the layering analysis method, the crack profile of the top
layer is predicted by adopting ECT signals of high frequesici

I(t) = Ao/2+ Ao/2 > %Sin(%ﬂfot) (4) and the conventional ECT inversion scheme [2]. By utilizing
n=1,35,... information reconstructed at top layers, the crack profigs
wheren is the order of harmonic component. If denoting thdeeper layers can be evaluated by using signals of lower
response PECT signal due to current I(t) as P(t), it can frequencies step by step. The layering analysis schemel base
expressed as the following series, on multi-frequency signals is illustrated in Fig.2.

. Based on the proposed inversion strategy, profiles of SCC

P#t) = n—123:5 [Pansin(2n fot) + Poncos(2nm fot)] - (5) models are reconstructed using the harmonics of PECT signal
o The numerical results show that the proposed strategy is

where the coefficient’,,,, P, can be obtained through Dis-yeasonable and can improve the sizing precision. The dditail
crete Fourier Transformation (DFT). Therefore, the real ageconstruction results will be given in the full paper.

imaginary partsRe andIm due to unit current source can be
obtained as:

Re =2nP,, /Ao, Im =2nP,,/Ap. (6)

V. CONCLUSIONS

In this paper, a spectrum analysis technology and layering
scheme are proposed for the reconstruction of deep SCCs
Using the procedure and the numerical code describdm PECT signals. The validity of the proposed scheme

above, the PECT signals with the base frequency of 1 khkiz demonstrated through reconstruction of several condguct
due to a surface crack of 14 mm length, 4 mm depth amtch cracks and an artificial SCC.
0.2 mm width in a200 x 100 x 10 mm? SUS304 plate
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