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The pace of development of information-measuring technologies and digital signal
processing methods creates conditions for improvement of processing information signals
methods for non-destructive testing. This general tendency is also observed in eddy
current testing (ECT). Among the most important tasks for ECT are raising the level of
information and implementing multi-parameter testing mode [1, 2]. One of the essential
methods of solving these problems is related to the use of a pulsed excitation mode of
eddy currents [3, 4]. It is based on the influence through the eddy current probe (ECP)
pulsed signal to the testing object (TO), the formation of the ECP - TO system response
presented in the form of damping harmonic oscillation. The further estimation of the TO
parameters and the characteristics of its material is based on such informative parameters
of the ECP signal as the decrement of the oscillatory signal and the frequency of natural
oscillations. Application of the ECP signal processing method based on the Hilbert
discrete transform makes it possible to obtain the amplitude and phase characteristics of
this signal (ACS and PCS), which greatly simplifies the further evaluation of their
informative parameters. The process of estimating the ECP signals parameters due to the
peculiarities of computational effects and to the effects of noise and interference of various
nature is accompanied by an error. The procedure error is determined by the peculiarities
of the used digital signal processing methods and receiving data modes [5].

Recent studies [6] show that the material conductivity can change due to changes
in its microstructure and mechanical characteristics that occur as a result of operating
the TO from this material. Besides, previous experimental studies [4] have found that
a change in the electrical conductivity of TO material influences the signal value of
the ECP 1n a pulsed excitation mode. Thus, improving the determination accuracy of
the decrement of the ECT signals, represented by damping harmonic oscillations, by
choosing the optimal time interval for the analysis of this signal is an open and
pressing question. The purpose of this research is to study the influence of the
analysis time of signals obtained in pulsed ECT and presented in the damping
harmonic oscillations form on the error of determination of decrement of that signals.

This goal is achieved by representation the model for ECP signal by an additive
mixture of damping harmonic oscillation and Gaussian noise:

U (1) =U - -cos(2-7- [ 1) +uy,(t), te(t.t,) (1)
where U — the amplitude value of the ECP signal, & — signal decrement, f — natural
oscillation frequency, ¢ — current time, (#,¢,) — the time ECP signal analysis interval,
u, (¢) —anoise component of a signal that was considered as a Gaussian random process
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with zero mathematical expectation and variance o. In the research, determining the
decrement o of the ECP signal has been performed using the methods of regression
analysis [7], and the accuracy of its determination was evaluated [8].

Analysis of the results showed that it is advisable to select for analysis the middle
part of this signal, that has the smallest variance value, in order to minimize the error
in determining the ECP signal decrement.

According to the results of a series of model experiments in the amount of 100, It
has been obtained that the deviation in the decrement value of the probe signal,
calculated by the lines of ACS regression, from the initial one at modeling is not
more than 2.5%. In the case of decrement determination by taking into account the
optimal time of analysis, the error has not exceeded 1.5%.

The results of a study of the influence of the time duration for analysis of the attenuating
harmonic signal on the error of determining the decrement of this signal have been given in
this presentation The simulation results show that it is advisable to select the signal analysis
time equal to or close to the optimum time [8, 9] and in the average part of the attenuating
probe signal. This approach minimizes the error in the determination of the ECP signal
decrement, and the error has not exceeded 1.5% according to simulation results.

The obtained results confirm the possibility of using the proposed method of
improving the accuracy of determining the ECT signal decrement based on using the
nonlinear trend of ACS. Given that signal decrement values are very sensitive to
noise, the proposed method of improving the determination accuracy of ECT signal
decrement can be applied to signals with a low signal to noise ratio.
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B3aemMHMi1 criekTpalbHUN aHaIi3 CUTHAIIB, BIAIOpaHUX Y PI3HUX TOYKAX
MEXaHIYHOI CHCTEMH, J03BOJIIE€ ITOCIIDKYBAaTH 3aJIe)KHOCTI MK TapMOHIYHUMU
CKJIJIOBUMHU BiOpamiii 1 3aBAsSKd [bOMY OUIBII YCIIIIHO PO3B’SI3yBaTH 3ajadi
Jokajizanii Ta Tumi3aiii aedexTis [1].

OrmiHrOBaHHS B3aEMOCIEKTPATBHUX XapaKTEPUCTHK 3a EKCIepUMEHTATbHIUMU
JAHUMU 3JIIACHIOIOTH SIK 3a TIEPiO0TPAaMHHM, TaK 1 KOpeIorpaMHUM MeToami [2]. 3a
OCTaHHIM OIIIHKA B3a€EMOCHEKTPAIbHUX XapaKTEPUCTHK 3HAXOASATHCA Ha OCHOBI
IHTETpaNbHUX TIepeTBOpeHh Dyp’e 3IIIAHKEHUX OIHOK B3a€EMOCHEKTPATLHUX
XapaKTePUCTHK. J[71s1 OTliHKH B3aeMocneKTpaano'1' T'YCTUHU Ma€EMO:

fo (@,1) j k(u)e ™ du (1)
ne k(u) — (yHKIIS BiKHA: k(—u) = k(u) , k(O) =1, k(u) =0, npu ‘u‘ >u
TOYKa yClueHHs Kopenorpamu. s ominku (1) aucnepcis BU3HavaeTbest GOPMYJIIOH:

D|:/}§77 (a)’t)] =

me Ry (tu.u,)= Eb, (t,u,)b,, (t,u,)— Eb,, (t,u,) Eb,, (t,u,).

Bcranosneno, 1o npu 3aiaHii TOBXKUHI BiApi3ka peamizaiii 6 aucrepcis OIiHKH
cnektpanbHoi ryctuHu (1) Oyzme 3MeHmIyBaTtucss 31 3MEHLICHHSAM IIMPUHU
KopeJsiLiiiHoro BikHa. BuOip mapamerpiB u, 1 6 ciiJ OPOBOAWTH, BUXOASYU 3

u,—

m?

io(uy—uy)
5, (t,u,,u,)e du,du,,

—u,, —u

KOHKPETHOI METH CIIEKTPAIbHOTO aHai3y.
Knrouosi cnosa: mnepiogMuHO KOPEJIbOBAaHI BHUIIAJKOBI CHUTHAM, B3a€EMHHUI
CIIEKTpaJIbHUI aHai3, JOBXKHHA peaizallii, KopessiiiHe BIKHO.
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