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KoHmponb napamempie memanesux supobie memoodom eu-
Xp0B8020 CMpyMy HepyUHiBHO20 KepyBaHHA 3AKOHHOIO eflekmpo-
MazHimHoto [HOYKyi€lo HAabys8 Cb0200HI WUPOKO20 NOWUPEHHA
3a80AKU BUCOKIU 4ymsiugocmi, wupokomy 0iandoHy 4acmom,
30amHocmi Kepysamu MexaHiYHUMU 87acmueocmamu , 0OHO-
piOHicmb Mamepiany, sk MaeHimHa, mak i HeMazHimHd, KoHm-
ponibHa i m.o.

The control parameters of metal products using the eddy cur-
rent method of nondestructive testing based on electromagnetic
induction law is now widespread. Due to the high sensitivity over
a wide frequency range of the ability to control the mechanical
properties , uniformity of material, both magnetic and non-mag-
netic materials, beskonechnosti, high reliability, automation, proc-
ess control, etc.

The object of study is the process of interaction of external elec-
tromagnetic fields with defects in heterogeneity of structure in met-
al rod, causing a deformation of microtubuli currents and, accord-
ingly, their influence on the inductance coil of the sensor. So, accord-
ing to the law of electromagnetic induction eddy currents induced
by an external electromagnetic field will be asking a private field
that will oppose the external field that will lead to a change in in-
ductance of the sensor coil. Therefore, the most informative param-
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eter in this case is the relative change in inductance of the sensor.

In the known designs use differential transformer sensors,
transmission type, which differ in complexity of implementation,
but have high sensitivity. In existing works not enough attention
on improving of the metrological characteristics . Modern means
of microstraava flaw detectors in the overwhelming number are
for scientific research, but little attention is paid to tools that can
be used in industrial processes, through a complex measurement
process in the existing funds and the large volume of the software
during automatic processing of information.

In the presented work there is a system for nondestructive test-
ing of metal bars with deprivation of the above-mentioned disad-
vantages, which would provide high metrological characteristics in
a wide frequency range, separate measurement of impedance com-
ponents of the sensor, which allows the reduction of methodolog-
ical errors of determination of the main characteristics of the out-
put signal of microstraava sensors.

The scientific result is created sambalanco pavement system
based on electronic dharamtala model of a vortex sensor with high
metrological characteristics, which allows you to create real-time
signal proportional to the amount of damage that will give you
the opportunity to increase productivity in the quality control bar
of metal products in a production environment.

Knioyosi cnoea: HepyliHigHUL KOHMPOIb, BUXPOCMPYMOBI 0amHUKU, cxeMa deghekmockond, noxubKu.
Keywords: nondestructive testing, eddy current sensors, flaw detector scheme, errors.

ICHye TPU OCHOBHiI MeToan MO6YLOBU MPWNAAiB, AKi
IIPaLionTh 3 BUXPOCTPYMOBUMU JaTuukamu. [lo mep-
1I0T0 BiZHOCATb aMIUIITYAHWN MeTOZ, MpUHUUI Aii axo-
r0 IOJAraE Y BUMIpIOBaHHI MoAyns iMIeZaHCy BUXPO-
CTPYMOBOTO [laTYMKA Ta WOTO 3MiHW, ane ue BinbyBa-
€TbCA, K TPABUJIO, HA BUCOKUX YACTOTAX, § MeXax pe-
30HAHCY, 0 0OMEXYye MOro MpaKTUYHE BUKOPUCTAH-
HA MOBEpPXHeBUMU fedekTamu paeTani. o apyroi rpymu
METOJiB BiIHOCATbCA MPUNAAW, MIPUHIUN Aii AKuUX mo-
JIATA€ Y BU3HAUYEHHI 3MiH (asu Ta aMIiTyAu Hampy-
I'M Ha BUXOAL ABOX fedepeHUiallbHO BKIIOUEHUX KaTy-
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1IOK MPUiMayva, B AKUX 3MiHI0€TbCA KOe(dilieHT TpaHc-
(bopMaTOpPHOTO 3BA3KY 3 LOCHIILXYBAJbLHOW [ETAJILI0
(TpanchopmaropHi paTuukun). OcHoBHOW0 ix mepesaroio
€ TPOCTOTA BUMIpOBaIbHOTO O6napHaHHA. [lo Heponi-
KiB BIIHOCATb CKNAfHICTL peanizauii paTymka.

[Ie’ MeTon BUKOPUCTOBYETbCA 3a3BUYANl AAA IIO-
BepxXHeBUX [Je(eKTOCKOMiB feTanel, y TOMY 4uchni
cknapHoi popmu.

[lo TpeTboi IPyIU MeTOAIB BiHOCATb MpUNanw, ki
L03BOJIAIOTL BUMIPIOBATW KBAZPaTypHi CKNAZOBL iMIe-
LAHCY BUXPOCTPYMOBUX AATUMKIB ¥ LINPOKOMY Jiiama3oHi
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BUMIPIOBAJIbHI MPUJTIAOU TA CUCTEMU

JacTOT 3 BUCOKOW TOuHicTio. lle MocToBuMit MeTon BU-
MiploBaHHsA, AKUIL [03BONAE 30i/MbIIUTU YYTIAWUBICTD.
BapianTu peanisauii nporo MeToay Bifpi3HANOTbCA Me-
TOJlAMW 3PiBHOBa)XEHHA (OBHOT'O YU HEIOBHOTO) 3 BU-
KOPUCTAHHAM KOMIIEHCYBaNbHOI KOTYWIKY, imeHTUYHOI
KOTyuILi 36yIKeHHA 3 eTaJlOHHUM 3Pa3KOM JOCIimKy-
BaHOro Marepiany a6o 6e3 Hboro. IlepeBaroi Takux
MpWIaAiB, MOPIBHAHO 3 TMONMEPenHIMYU, € TAKOX Oinbul
LTUPOKUIA Aiama3oH PoHOUMUX YACTOT, BUCOKA TOUHICTb
BuMmiptoBanHs. Ieit MeTox € HaWbinbuI TOYHUM, YHiBED-
CaZbHUM, LWIUPOKOIIOIOCHUM, [JA€E MOMXJIWUBICTb BUMIpA-
TU CKJIAZoBi IMITeJaHCY [aTYUKa B LIMPOKOMY pAiamaso-
Hi 4acTOT Ta WIWPOKOMY AUHAMIYHOMY fiama3oHi 3 BU-
coxot yytnusictio. Hegonikom Takoro Merony € 6inbir
CKnaaHa peanisauis, 3yMoBJeHa HeOOXifHICTIO ineHTNY-
HOCTL KOTYLIOK.

Mema yiei po6omu — CTBOPUTU CUC-
TEMY A7 HepYNHIBHOTO KOHTPOJIO Me-
TaleBUX IPYTKIB 3 1036aBNEHHAM 3a-
3HayeHUX BuUIle Heponikis, aka 6 3a-
6e3meunia BUCOKI METPONOTiYHI Xapak-
TEPUCTUKW B LIMPOKOMY [iama3oHi vac-
TOT 33 PO37AiNbHOTO BUMIPIOBAHHSA CKJla-
LOBWX IMIleflaHCy [aTuvKa Ta JO3BONU-
71a 3MEHIIUTU METOAUYHI MOXUOKU BU-
3HAUEHHs OCHOBHUX XapaKTEPUCTUK BU-
XiIHUX CUrHajliB BUXPOCTPYMOBUX AAT-
YUKiB.

dynkuioHansHy cxemy pedexTocko-
Ia 3 eNeKTPOHHOI MOLENI0 AATYUKA
Ta TOPIBHAHHAM CTPYMIB IpefCTaBle-
HO Ha puc. 1.

Oedexrockom,
Ha puc. 1, Moxe 6yTu 36anaHcoBaHuii
perynioBanHam C,, R,, Hampuknag,
32 JJ0IIOMOT010 aHaJI0rOBUX MEPEMHOXY-

peACTaBleHUN

BauiB, yMoBu piBHoBarn U; =0, € vac-
TOTHO HE3aJIeHWM Ta B33aEMHO He3a-
JIeXHUM 33 R, - R, = const, mo 3abe3me-
Yyye UIBULKE 3PiBHOBAXEHHS.

lIns 3abe3meyeHHA BUCOKOI TOYHOC-
Ti 3piBHOBaXEHHA HEOOXIHO 3MEHIINTI
BIUIUB TakUX (aKTopis:

* mapasutHoi emrocti garumnka C,;

* cundasunoi Hanpyru U, , axa Bu-
HUKae 4yepe3 HafABHICTb KOPENbOBAHUX
wyMiB y Hampysi 3MimeHHA omepauiii-
Hux migcuntosauis OIL,, OII, Ta uepe3s
«CITiIbHI KOHTYPU 3a3€MJIEHHAY;

* 3cyBy (a3, 10 BUHMKAE Tif pieio
omepauittoro mipgcuntosava OI1; y pobo-
YOMY Ziarla30Hi 4acToT.

[Ina 3MeHlIeHHA BIUIMBY NApa3wUTHOI €MHOCTI par-
YUKa B CTPYKTYPY BUMIPIOBAIbHOL 1aHKU 6Y0 BBELEHO
aHaJIOTOBWIL iHBEPTOP , AKWI TOCNiZOBHO 3 KOpento-
BasbHOW0 eMHicTi0 C,; BKIIOUEHO MApPANENbHO AATIUKY.
[Ipn 1bOMy KOMIlEHCaLif MapaswuTHOI eMHOCTI ZaTuuka
C. BinbyBaeTbCA y TaKuil croci6: crovaTky Ha bespe-
GbekTHiN 30Hi 06'€KTa BUMiploBaHHA BifbOyBa€eTbCA 3piB-
HOBaXEHHA CXEMW LINAXOM DErynioBaHHA KOHAEHCATO-
pa C, Ta pe3ucropa R,; IOTiM YacToTa TeCTOBOT'O CUTHA-
Ny 36inblIyeThCs, i MU 3HOBY [OCATAEMO PiBHOBAru pe-
TYJI0BaHHAM KoHpeHcaTopa C,,; AKWO IpU 1bOMY vac-
TOTA TECTOBOTO CUTHAJy 6Oyne He MeHule HixX B 10 pasis
MepeBUIIYBATU MaKCUMaJIbHY YacTOTy pobovoro piama-
30HY CUCTEMU, TO TOXUOKA Bij, TapasuTHOI EMHOCTI AaT-
unka 6ype MeHwol Bip opHiei coroi Bincorka (0,01%).

Puc. 1. Cxema depexmockona 3 nopiBHAHHAM HaAnNpye
Fig. 1. Schematic of the flaw detector with voltage comparison

Puc. 2. KomneHcayitiHa cxema 3 imimayielo emanoHHoi iHOykmugHocmi
HQ OCHOBI peayibHO20 THMe2pamopa 3 eNeKMpPOHHUM Pe2ynBaAHHAM

napamempis

Fig. 2. Compensation scheme with simulation of inductive model based on
real integrator with electronic parameter control
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Ina Toro, mobu 3MEHWIUTU TOXUOKY, 3yMOBIe-
Hy cuHbasHOw Hampyroiw e, (puc. 2), HeobxinHO Ao-
CATTU piBHOCTI KoediuieHTiB wymy kackapis Ha OII,,
OII,. Ane Taka piBHicTb MoOXe 6yTW nuue Ha MOCTiN-
HOMY CTPYMi, T0O6TO, KONWU BCi OMOPU € Pe3UCTOPaMU.
VBenieHHA OMATKOBUX OMOPIB z;, z; [O3BOJAE 3MeEH-
ml / KmZ
CBifYUTD, 110 1le MOXAUBO NunlIe Ha GikcoBaHUX YaCToO-

LIUTU Liel BIUIUB, ajle aHali3 crnisBigHomeHbs K

TaX, 10 He Mae€ MPAKTUUHOrO CeHCy. [lna Toro, mobu
PO3LIMPUTU Aiama3oH YacToT, Tpeba BUKOPUCTATU CXe-
My 3 mopiBHAHHAM Hampyr [1] (puc. 1).

KoMmeHcauis mapasuTHOI €eMHOCTI BinOyBaeTbcs
Yy TaKuW camuit crocib, sk i B momepeaHbOMy BUMAf-
Ky. A mono cuHdasHoi Hampyry, TO CTemiHb ii mpurHi-
YeHHs 0yae CIPUYUHATUCA HeifeHTUYHicTIo 3cyBY (a3
kackagamu Ha OII,, OII; Ta OII,, OIL,.

IIns 3abe3mevyeHHA ineHTUYHOCTI (a30YaCTOTHUX
XapakTepucTuk migcwnoBavis Ha OII; ta OIl, maoTb
OyTW BUKOHAHI Taki CIiBBifHOWIEHHSA:

R, =R, =R, =R, (1)
C, =2C,. (2)

A nna 3MeHUIeHHA HeifeHTUYHOCTI (a304acTOTHUX

XapaKTepuctuk Ha kackapuux OII; ta OII,:

|zg| =|zo|. (4)
Koedinientu mymy:

Ko =R1/(20+R1)' (5)

K.,= Zg/(zg +R, )’ (6)
Rz/Zg :ZO/R]' (7)
R, =(%,-2,)/R,, (8)

K z, _ z'le _
" s 4 Zy Zg Zle =2z, '2g

¢ : 9)

= Rl = Kml
R +z

To6to y craxi piBHoBaru K, =K, B LIMPOKOMY
piamasoHi 4acToT.
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