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ABSTRACT

Recently, the Brazilian Angra | PWR nuclear powlampwent into a programmed shutdown for substitutif
its Steam Generator (SG) which life was shortened tb stress corrosion in its tubes. The total afst
investment were around R$724 million. The signasagated during an Eddy-current Testing (ECT) ioSpe
in SG tubes of nuclear plant allows for the loaiian and dimensioning of defects in the tubes. défects
related with corrosion generate complex signal$ dha difficult to analyze and are the most comroause in
SG replacement in nuclear power plants around tdwThe objective of this paper is the developtrema
methodology that allows for the characterizationcofrosion signals by ECT inspections applied ia bieat
exchangers tubes of SG of a nuclear power plarthisnpresent work, the aim is to investigate dstied type
defects by inducing controlled corrosion in samplees of different materials The ECT signals oledifrom
these samples tubes with corrosion implanted, vélanalyzed using Zetec ECT equipment, the MIZ-12&d
its probes. The data acquisition will use a NI PEDACARD 700 card and the LabVIEVigrogram.
Subsequently, we will apply mathematical tools &gnal processing like time windowed Fast Fourier
transforms and Wavelets transforms, in MATLAB pdath, which will allow effectiveness to remove thaises
and to extract representative characteristicsherdefect being analyzed. Previously obtained tesd well as
the proposal for the future work will be presented.

1. INTRODUCTION

Heat exchangers tubes of Steam Gener&Gi) {requently present unexpected leaks in their
tubes resulting in losses of time and money. Thgatiation ofSGtube occurs by different
mechanisms such as chemical corrosion, stress,sidgpaonechanical fretting, or the



combination of these. The corrosion defects are mhest common inSG causing
replacements in nuclear power plants around thddwdrhe main degradation due to
corrosion defects are: thinning Hl), pitting (PHI), inter-granular attacklGA), stress-
corrosion crackingCQ, inter-granular attack and simultaneous stresssmn cracking
(ISO). The degradations due to mechanical causes a@: WEA), impingementIMP) and
fatigue. Thinning is a generic term that refersdtumetric material loss. The local chemical
conditions are altered before it begins. The atiaitiates by the surface material dissolution.
There is no evidence of granular border attacks Tefect is generally found near the tube
support plate and other support structures. [B¥% plus SCCis a generic description for a
degradation caused by a combination of factorsceqigle material, corrosive chemical
conditions, and localized stress. TH&A alone has volumetric shape and is caused by a
uniform grain border attackSCC consists of multiple cracks with inter-granular
propagations. Pitting defect is due to generalasion or due to local galvanic differences
with acids attack by cooper compounds. It assunodsmetric geometry without granular-
border attack and has a limited extension (appratety 0.1 inches). Impingement is a
specific degradation type caused by suspendedssthiat impact tube surface, which often
occurs in once-through steam generator. Wear isgaadation caused by the impact of a
spurious object or tube interaction with suppomucture. The associated morphology
depends on the shape of the impacting agent [1].

These tubes is inspected through some Nondesteud®@sting NDT). The Eddy-Current
Testing ECT) is an electromagnetic method largely applied ttuwetric defect detection
(with loss of material) or not [2]. In tHeCT, a bobbin coil probe is introduced into the tube
and signals are generated allowing the localizatiod sizing of defects, resulting in a safe
heat exchanger operation. The signal interpretatiorgeneral is made by inspectors.
However, these signals are usually corrupted byers¢vtypes of noise [3] resulting in
decision doubts and early tubes plugging. So, iedusignal noise, signal analysis is more
accurate and erroneous decisions are minimized.

In this work the signals processed will be generdig a Zeted&CT equipment MIZ-17ET.
Figure 1 shows the complete hardware used for aegaisition. The probe used has two
circumferential bobbin coils connected to a différ@ self-compared model.

Figure 1 - Data acquisition hardware.
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2. SIGNALS GENERATION

The ECT is a fast and widely used inspection method basethe magnetic induction of
circular Eddy Currents in the tubes as consequehaeprimary magnetic field generated by
a bobbin coil probe [4] as shown in figure 2.
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Figure 2. ECT principles [1]

ECT signals have both the resistive (R) and inducfXg components and when they are
presented in the complex plane, they have the faria Lissajous figure with a typical “8”
shaped curve when no noise is present, in an gkitihg. The phase angle and the total
amplitude of a signal are read according to thendein shown in figure 3.
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Figure3. A typical noise free ECT signals and its charactestics [1]

The angle phase is the angle formed by the strdiglhtcommon to the two petals of the
Lissajous figure and a horizontal line, measuraghter clockwise. The total amplitude is the
measurement in Volts between the two extreme poihtse Lissajous figure petals [4]. The
phase angle allows for the determination of thatjposof the defect either at the internal
wall or at the external wall of the tube. The phasgle also allows for the determination of
the defect depth by using the inspection instruneafibration curve, according to the figure
4, which is standardized by ASME Code, Section Wjcke 8, Appendices 1. According to
the calibration curve, a full depth defect presenpdhase angle of 40°.

3. NOISE REMOVAL
Actually, ECT signals acquired during an inspection contain esisvhich can strongly

interfere in their analysis [3]. These noises hemany origins like those introduced by the
data acquisition instrumentation [1] or by the ehadnovement of the probe inside the tube,
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called Wobble. Two types of noise related to théemal itself are: those caused by chemical
deposits on the surface and those caused by nondeaities of the material itself. These
noises can produce distortions in the Lissajousréigo such an extension, where phase angle
and amplitudes readings are simply impossiblelat al

Some methods can be used for noise removal [3]. @riteem is the Fourier analysis, a
mathematical tool which allows changing the signain a time based to a frequency based
point of view through several harmonics signal aegosition. The Fourier analysis offers
good results when the frequency domain informati®nmportant. However, the time
information of a signal is lost and is not possitdedetermine when an event occurred. In
stationary signals with constant period, the abmentioned deficiency is not important.
However, Eddy Current signals present transientrageristics and stationary Fourier
analysis is not adequate [1].

The Short Time Fourier Transforr8TFT) is an adaptation of Fourier TransforRil{ which
analyses a signal in steps or windows, mapping sigeal as a function of time and
frequency. Through this method, some informatioaualiime event occurrence is obtained
but the precision is limited due to window dimemsidnderSTFT analysis, the window
width is fixed and is the same for all frequenciBse STFTis definite as follow:

03

STFT{(1,f) = f flt)glt—T)e 2"t dt (1)

Where f (t) is a stationary signals placed in adwim of fixed dimensiog(t —1).

The Wavelet Transform\{T) is a type of time-scale transformation and it bomas the use
of variable time windows and variable scales, alhgithe use of large time intervals when
precise lower frequency information is needed all agesmaller time intervals when high
frequency information is required. WT is very sensitive to discontinuities in the time
domain, which is typical dECT signals. It is a method where the transformed freguency
domain can be varied, in the other words; the tesul of the time frequency domain is not
constant, allowing for a more detailed descriptbthe time frequenclgehavior of the signal
being analyzed. Using this tool, one can analyeesignal in as many separated frequency
bands as needed [1]. For a giEe@T signal s(x), th&VT is a convolution o§(x) with a set of
Wavelet functionsy, y(X) resulting in a set of coefficien®;, , as follows:

Conr = [ s, (dx @)

4. METHODOLOGY

In the paper published by Lopez [1] Wavelet Tranmsfavas used successfully to remove
noises in processing ECT signals. There are sevgpal of wavelet functions to signals
processing, as Daubechies, Biorthogonal, Symlet ldaar. The figure 5 shown a typical
ECT signal seriously affected by material noisa @l depth hole with @ 0,9 mm where the
phase angle cannot be read due to strong noise.
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Figure 4. A typical ECT signal affected by noise [1]

The first step is to separate the resistive compib(ie) and inductive component (Xof the
ECT signal. After applying TW using the MATLAB pragn, good denoising results are
presented, such as shown in the figure 6 and gu3aubechies wavelets.
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Figure 5. Original and denoised resistive and inductive coponents [1]
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Figura 6. Final denoised signal [1]

3. CONCLUSIONS

As presented, Wavelets Transform can be used sfattgsin de-noising Eddy-Current
signals. The other wavelet functions can basichky used to perform noise removal.
However, the defects related with corrosion geeeaatven more complex signals that are
difficult to analyze. A future work to be developésiabout a methodology that allows for the
characterization of corrosion signals by Eddy-Cotrrgesting (ECT) inspections applied in
the heat exchangers tubes of Steam Generator (S&hoclear power plant. In this future
work, the aim will be to investigate distributeghéydefects by inducing controlled corrosion
in sample tubes of different materials. The ECThalg obtained from these samples tubes
with corrosion implanted, will be analyzed usingeteECT equipment, the MIZ-17ET and
its probes. The data acquisition will use a NI PO ALARD 700 card and the LabVIEW
program. Subsequently, we will apply mathematicallg for signal processing like time
windowed Fast Fourier transforms and Wavelets toams, in MATLAB platform, which
will allow effectiveness to remove the noises am@xtract representative characteristics for
the corrosion defect being analyzed.
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