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APPLICATION OF CIRCULAR STATISTICS DURING ANALYSIS OF THE
EDDY CURRENT TESTING SIGNALS
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Eddy current non-destructive testing (ECNDT) is an extremely informative test
method for conductive materials and products [1]. It is known that eddy currents are
usually generated by sinusoidal signals of one or more frequencies and the major part
of the information about test objects is contained in the fault characteristics of signals
generated by the eddy current. Such characteristics can be defined, for example,
through the Hilbert transform of the signals. But more information becomes available
due to the statistical analysis of the signals phase characteristics, which makes it
possible to determine the estimates of the corresponding numerical characteristics.
These characteristics include the circular average angle, the circular variance, the
length of the resultant vector obtained by the vector sum of the phase measurements
results on the unit circle (r-statistics), and others.

The using of r-statistics for detecting ultrasonic non-destructive testing signals
was analyzed in the article [2]. Similar signals also take place in the eddy current
flaw detection during the scan of the surface, which has some defects, using the
differential type eddy current transducer.

For analyzing the influence of various factors on the magnitude of r-statistics the
model experiments were carried out. As an exploratory model, an additive mixture of
harmonic signal and Gaussian noise is used. The r-statistics were calculated for the
difference of the exploratory model phase characteristics and the sinusoid at some values
range which was covering two signal periods according to the [3] algorithms. The
dependencies of r-statistics on the number of & discrete sample units over the signal period
and the signal-to-noise ratio (n) are defined and analyzed. The 3D graph of the r(k, n)
function was constructed according to the received dependencies. Averaging r(k, n) based
on the results of 100 experiments was used to reduce the influence of particular error.

It is determined that the noise impact significantly exceeds the impact of the k
parameter for value k > 4. Performed averaging allowed to allocate the trend
component of the r(k, n) function and gave an opportunity to estimate the dispersion
of the obtained values r(k, n) in the range of arguments k=3 ... 20 and n = 0.01 ... 1.
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Using in practice ECNDT r-statistics will be able to detect ECNDT signals with
smaller amplitudes, which will increase the probability of testing, the depth of the
object testing area and the sensitivity to small sizes defects.

Keywords: eddy-current non-destructive testing, discrete Hilbert transform, r-

statistics.
References

[1] Nondestructive Testing Handbook, Third Edition: Volume 5, Electromagnetic Testing / Satish
S Udpa (technical editor), Patrick O'Moore (editor). ASNT, 2004.

[2] Yu. V. Kuts, Yu. Yu. Lysenko, M. O. Redka, O. D. Bliznyuk, “Application of circular statistics
for detection of signals of ultrasonic nondestructive testing”, Texwuueckas ouacnHocmuxa u
Hepaspywarowul KoHmpoav, Ne 2, c. 32-36, 2018.

[3] Kanti V. Mardia, Peter E. Jupp. Directional Statistics / Wiley series in probability and statistics.— John
Wiley & sons Ltd. — Daffins Lane, Chichester, West Sussex, PO19 ITUD England. — P. 429.

YK 620.179.14
BUXPOCTPYMOBA CTPYKTYPOCKOIIIA I[TAPA- T JTAMAT'HITHUX
MATEPIAJIIB BATATOYACTOTHUM METOOM

Kanenuuenko FO. O., basxcenos B. I'., Karenuuenxo O. I'., Payebapcokuii C. C.
Hayionanonuu mexniunuu ynieepcumem Yrxpainu
«Kuiscokuu nonimexniunuii incmumym imeni l2opsa Cikopcvkozoy, Kuis, Ykpaina
E-mail: y.kalenychenko@kpi.ua

CTpiMKHMI1 pO3BUTOK BUKOPUCTaHHS MMapa- 1 JiaMarHiTHUX MaTepiajiiB B SIKOCTI
KOHCTPYKUIMHUX MarepianiB, miBdaOpukaTiB 1 JeTanedl MamuH mnoTpedye
3aCTOCYBaHHSI HEPYHHIBHMX METOJ[IB BH3HAUEHHS iX BIACTUBOCTEH Ha pIBHI
aTOMapHO1 a00 MOJIEKYJIIPHOT MIKPOCTPYKTYPH.

[ToTpeba y BM3HAYEHHI BJIACTUBOCTEW MIKPOCTPYKTYpU Mapa- 1 JlaMarHiTHUX
MaTepiaiiB BUsIBJICHA B pe3yJbTaTl CIUIKYBaHHS 3 (PaxiBIIMU a€pOKOCMIYHOI Tally3i,
aHai3y HayKOBHX MyOJikaiiil 3 npobiematuku HepyiHiBHOTO KOHTpoito (HK). ITix
4ac aHaji3y JiTepaTypHUX JHKEpell 3°sICOBaHO, 110 Bapiallii BIaCTUBOCTEN CTPYKTYpH
MaTepiaiiB CyTTEBO BIUIMBAIOTh Ha KOHCTPYKIIIMHI PIIIEHHS MO0 MEBHOTO BUPOOY,
coOiBapTiCTh MPOAYKIT Ta 11 eKCIUTyaTaiiifHi Xxapaktepuctuku. Jlo mnpukiamy,
BIJICYTHICTh JIOCTOBIpHOi 1H(OpMaIli mpo CTaH MarepiaiiB B €JIEMEHTaX Ta By3jax
JTAIBHOTO anapary Mpu3BOAUTH 10 HEOOX1THOCTI 6araropa3oBoOro 3amnacy MiIfHOCTI,
1 SK HACHIJOK — J0 30UIbIIEHHS Bard amapary, MiJBHUINCHHS BUTpAT MaJIbHOTO,
3pOCTaHHs COOIBApPTOCTI MEPEBE3CHb, MIJABUIIEHHS €KOJOTTYHOTO HAaBAaHTAKECHHS Ha
JTOBKI1JLJISL.

EdekTuBHUM METOIOM CTPYKTypockomii € mMeroau Buiux rapmonik (MBI') ta
0araro4acToTHI METO/M, IKI BUKOPUCTOBYIOTh B pi3HuX Buaax HK — marnitHOMmy,
yJIbTPa3BYKOBOMY, BUXPOCTPYMOBOMY. AJie Taki METOU 3/1€OUIBIIIOTO 3aCTOCOBYIOTh
JUTSI KOHTPOJIIO CTPYKTYpHU (pepOMarHiTHUX MaTepiaiiB, a OCHOBHUMH aHATI30BaHUMH
XapaKTEPUCTHKAMU € aMIUTITYTHO-4aCTOTHI 3aJI€)KHOCTI CUTHAJIB.
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