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Abstract. This article is devoted to application of the masmode excitation for
eddy current sensor to widen of functional capidsli of the eddy current non-
destructive testing. It is presented the sensaulator which operates in the pulsed
mode excitation of eddy currents and the proceasghlnerates a response fromthe
“sensor - object” system in the form of damped harmonic oscillations. It is described
the method for the sensor signal processing anermigtation of its amplitude and
phase parameters using the Hilbert discrete tramstion. It is discussed the
statistical treatment of received results and ingentfor evaluation of testing object
physical- mechanical properties. The possibilitidshe pulsed eddy current non-
destructive testing is showed in the solution aftpems for products testing that
have various shape and material, in particular relation between sensor’s signal
frequency and its damping from a coating thickness arject diameter. It is given
the experimental results of thickness evaluatiothefdielectric coating on magnetic
basis. The proposed method was applied to deterofnge cylindrical object
diameter and material electroconductivity. It isufi@ general character of sensor
signal damping and frequency in pulsed mode eigitadependence from dielectric
coating thickness and the object diameter.

I ntroduction

Area of applicaton of the eddy current non-destructivetinges(ECNT) is widening
constantly because of its reliabiity and efficiency. tTisa the reason that methods and
means of the ECNT implementaton have need for improven@ne of the impotent
directions of the ECNT development is rising testing iinftion value [1]. This direction
is realized at the expense of improvement of the ewmaitatianner of the electromagnetic
field and search new signal’s nformative parameters of the eddy current transducer (ECT).
The grate attention is focusing to improve ECT constmuctin turn that has effect on
degree of complexity to adapt a transducer and selection ofh ptessing method [2].
The most applicable ECNT method uses the harmonic signag¢xcitation of the
electromagnetic field and is based on analyses of infeendatures such as amplitude
and initial phase of sensed signals (or orthogonal constitwd signals if they present on
the complex plane) [3]. Among the ECNT methods there nsethod which uses pulsed
excitation of the electromagnetic field. In the paper {4$ iconsidered the combined use of
harmonic and pulsed excitaton mode of the electromagneitc for pipe wall testing. It
extends a number of informative features of a testingcbbjde positive effect is obtained
at the expense of additional informative parameters usey ate attenuation of the ECT
signal and change the position of the zero-crossing liyng¢his signal. In the paper [5] is
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analyzed of applicaton of ECNT pulsed mode for evaluation dalneorrosion extent
which defined using the position of the zero-crossing tiyeECT signal. In the paper [6]
is analyzed of application of excitation pulses which halfierent duration. It gives
possibiity to obtain a distance between transducer and tiagtebject (for short pulse
duration) and information about defects of a testing objects{@nificant pulse duration).

The pulsed mode of the ECNT is used for mulilayer migedand objects
inspection [7]. The informative signal contains some freguecomponents at the expense
of ECT excitation by the repetitive pulse current. Useseéhcomponents allow to increase
self-descriptiveness of testing and reduce its timehatt pgrovides with developing defects
in multilayer conducting materials at significant depths

The resources of mentioned methods are limited by the digusk information that
contain in the analyzed signal. At the same timezatiiin of the Hibert transform for
signal processing permits to get amplitude and phase td@stics of the ECT signal
which help to evaluate additional informative parameterh s attenuation and frequency
of that signal [8, 9].

Thus, pulsed excitaton ECNT with present-day methods oflsjgrocessing can
enlarge known testing methods at the expense of analgsial parameters such as
frequency, phase dispersion, signal decrement and time pafittthe characteristic points
of a signal.

1. Objective and M ethods

The purpose of this paper is search a new informative ptaesmof the ECT signal which
can be used for making wider of the ECNT functional cafbiiand soling the
multiparametric task.

The problem is soling by the methods of simulation andsdalle experiment which
based on:
1) researching operation of laying-in (overlay) and thrayge ECT at pulsed excitation,
and next analysis their signals in a time domain;
2) discovering and analyzing of the informative parameteEsCdf signals;
3) discovering the signal informative parameters furgtiodependence on the testing
object characteristics.

2. Carrying Out the Experiment
2.1 System Description

It is impotent to consider complex impedance of the ECTskstaf the pulsed ECNT.

The prelminary analysis displays that in such mode etharises decaying
oscilations given by the produced oscilatory circuit whansists of an inductance coll
and its parasttic interturn capacitance. According to ttiés equivalent circuit of the system
- parametric ECT and testing object can be presented lik@.irl.

A testing object (TO) is presented in this circuit by tontour L>(p) Ro(p) where

inductanceo(p) connecting with elementy through mutual inductancé1(p) and pis
a vector of parameters of a TO. The resistance and indectainthe 1st contour coi are
indicated a®y,L;;Ris an actve resistance of the cicut) is a signal of the sensor

excitation 17 and I, are currents in the contsur
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Fig. 1. The equivalent circuit of the system - parameBE{€T and testing object

In case of the ECT is operated from the harmonic signats, it is possible to get
the system of equations in a complex form (according tdKaf€s laws):

R]_-I- ja)Ll

; 5——+12jaM12(p)=U,
1+ joCiR -0 141Cy 1)

I1jaM12(p)+12Ro(P)+ 1 2jalo(p)=0.

The currentl, is easy to be measured, for instance, through the vaftageorR,

or with the help of an ECT additional measuring coil.
Using the Kramer formula it is possible to solve theesgsof equations (1) and get:

U(Rx(p)+ jelp(p)) . (2)
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In case of the ECT operates in pulsed mode it is necessagnsider the transient
processes in its circultt.

2.2 The Structure of an Experimental Model

The architecture of the developed ECNT system is showtherFig. 2. The transducing
unit consists of a transformer ECT which contains twds.cOhe exciting coil receives a
pulsed actuating signal from a current source and tbasumng one generates a signal
which is amplified and digitized by an anakegdigital converter ADC). Received data
are saved in a storage buffer for next transfer to the-mlacessing unit. This transfer is
realized due to a microcontroler and wireless communicatiomit. The wireless
communications unit is realzed on the base of the Blletowoidule (third grade of power
which has an external antenna and provide with connebtiiween the data-processing
and transducing units at some distance. Operation of dhedticing unit main component
is synchronized by a control block (CB).

The data-processing unit consists afreceiving box (RB) and personal computer
(PC) with special software (SS).

2.3 Technique of Experimental Data Processing

Informative signal model of the ECT is presented as anthveddnixture of harmonic
oscilation and Gaussian noise:

uget(t B)=Ume AP cod2r £(p)-t)+un (D), teltwty), @



where: U, — ampltude component of the ECT informative signal,
a(p) — signal decrementf (p) — signal frequencyt — current time,(ty,tp) - period of the
ECT signal analysest (tj,to), un(t) — signal noise term. Frequency changing and

attenuation of these oscillations depend T‘s characteristics such as material, shape
and geometry, defect presence, dielectric coating thickjiidgs
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Fig. 2. Developed system for eddy current non-destrugteging

The order of the signal processing is illustrated on the 3= The frequency and
attenuation of a signal are considered as its informgiav@ameters.
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Fig. 3. ECNT signal processing
Processing and analysis of the informative signal ctemstics consist in:
1) definition of the Hibert image of the ECT signal:
un [i, p]=Hlugcrlis pl, 3)

where H — operator of the Hibert transform;
2) definton of the phase and amplitude characteristicsthef ECT informative
signals:
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@[ j, p]=arctg +L(un [J, phuectli. P). 4)

UlJ, Bl=u2 i Pl+ 2[5, I, ©)
where L — operator of unwrap signal phase characteris®RQ beyond the bounds of
one-valuedness of tharctgfunction.

3) smoothing of the function (4) using the method of thetldaKenya linear
regression. The method based on time sequencing of the experimental data aiserdiv

of the sample partD[j,p] on three approximately equal greuplt is defined sums of the
tyoe T &[j,p] in each group and T't; - accordingly ®1,®p,®3 and ty,tp,t3.
Coefficients of the linear regression are evaluatedhdyollowing ratio:

keP3" P oG ki orb=P2_ .12, (6)
t3—-11 M M
. . B Zt'
where @ = ZCD[J’p] andt = =1 X
3M
4) definition of the signal frequency from the lineagntt of the function (4):
A2 [p]
f =—, 7
L(P) AT (7)

where A® [p] — accumulated for period T « (t4,tp) phase of the ECT signal defined per
function of the linear regression.

5) utiization of exponential approximation for function (5) tse the definition
accuracy of a informative signal decrement. It is datednthat it is very impotent to
consider the part of the amplitude characteristic of RalS@CS) which corresponds the
early periods of the informative signal for a@my rising of factor exponential
approximation estimation. The early periods correspond to A@Sannaximal slope.

6) definition of informative signal decrements using folam

ofp)=-Lin O-P). ®)
AT U(ty', p)

Where: U(y', p), U(to', p) — magnitude of the approximated slope at tigie to'e AT .

3. Experimental Research and Results Discussion
3.1 The Cylindrical Objects Testing

Two types of cyinders were usexb testing objects. They made of aluminum and bronze
and had diametsrin the range of34 + 35 mm. Fig. 4 demonstrates frequency-diameter
diagrams for aluminum (curve 1) and bronze (curve 2) sampled also shows their linear
trend (curve 3, 4). The analysis of these diagrams disfilayschange of a diameter lsad
to signal frequency change. That change has about liokaracter of the functional
dependence.

There is also linear dependence of the diameter-signe¢rdexat (Fig. 5, curve 1 for
aluminum samples and curve 2 for bronze ones).



380 342 a4 346 348 35 44 342 344 346 348 35
d, mm d, mm

Fig. 4. Dependence of the signal ECT Fig. 5. Dependence of the signal ECT
frequency on the TO diameter decrement on thelifi@eter

3.2 Testing of the Thickness of a Dielectric Coating on the Electroconductee Ba

As the testing objects were used samples from aluminuomzéorand steel (conductivity

Val =487-10" Snim, ypr = 275107 Smim, ye =1,45-10° Smim) with thickness  that
exceeds of the eddy currents penetration. It was anaigfieeihce of the change of the
dielectric coating thickness on the signal ECT parasieter

It was used selection of a signal value for smoothinghef gignal phase. For

aluminum and bronze amount of samplng wejig = jpr =1500...600C and for steel -

were jst =1500...3501. The obtained selections were divided on three approximately
equal groupdl = Mg = Mp, =150C;, Mg = 667.

On the Fig. 6is shown the plot of the received dependentce F(h). This plot
demonstrate increasing of the signal decrement at the thicknessdigectric coating
decreasing within the same material. Using comparainalysis of these curves it is
possible to conclude that form of the signal decrement atimege is exponential relative
to the thickness of the coatihg on any basis. Tlg B displays also that material
characteristics of the sample basis have an influencgéhe slope level of received cusve
Slightly deviation of the resuft from general functiordgpendence can be effect of the
hidden fault presence, sample charactesistbange or definiton error of the coating
thickness real value.

The results of signal frequency definition are shown ten Eig. 7. The ECT signal
frequency is a function of dielectric coating thickneske T™ependencef (h) displays a

single-valued result only for nonmagnetic materials.e Thoating thickness sensitivity
increass atits value decrease in this case.

3.3 Pulsed Eddy Current Defectoscopy with a Multidifferential ECT

As the testing objects were used samples from alumidomn AD 31E5 which had the
crack opening 1mm and the depth within 6.13.0 mm. It was analyzed the influence of a
crack depth on a signal of the multdifferential ECT. Hwgnal frequency was evaluated
using selection from the signal phase characteristicthey volumeg =1500...4999. The
results of the signal frequency defintion are shown lmn Fig. 8. The received curve
displays exponential dependence of the signal frequency dramrack depth. The curve
ine that correspond a small crack depth has slght deviftom a trend line. This
conformsto the error aboud,2% (£0,4mkm).
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Fig. 6. Dependence of the ECT signal Fig. 7. Dependence of the ECT signal
decrement on the coating thickness frequencyhercoating thickness
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Fig. 8. Dependence of the ECT signal Fig. 9. Dependence of the maxmum value of
frequency on the crack depth the ECT signal augdi on the crack depth

Fig. 9 demonstrates dependence of the maximum value ofultidifferential ECT
signal ampltude on the crack depth. This dependence cansoebdd by the polynomial
of the third degree. The dependences from Fig. 8 and 9 casebefor evaluation of crack
parameters.

4. Conclusions

Experimental researches of the pulsed mode excitationdidy eurrent sensor displayed
possibiity to use the frequency, ampliude and decrementhef densds signal as
informative parameters. It was proposed the procedure of tisersesignal analysis which
appled for cyinders diameter control, dielectric coatingktiess testing and evaluation of
cracks depth.

It was found that frequency of the through-type ECT kigad linear dependence
upon an object diameter and independence from material cotgu@in the other hand,
decrement of that signal has related to material cawiycof an object.

The decrement of the overlay ECT signal had exponentgérdience on coating
thickness and magnetic permeabiity of the object mateltialwas developed relation
between amplitude and frequency of the signal and crack deptthe multidifferential
overlay ECT. It makes sense the further researchebsabftype sensor to direct toward
crack parameters evaluation.
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