C. Yepenoe. IHAykmueHi ceHcopu 0Ons euxpocmpymoeoi deghekmockonii eucokoi po3dinbHoi 30amHocmi
| C. Yepenoe, B. Jlenexa // BicHuk THTY. — 2013. — Tom 72. — Ne 4. — C.187-190. — (mexaHika ma
Mamepiano3Haecmeo).

VJIK 531.374; 539.213
C. Yepenos; B. Jlenexa
Inemumym maenemuzmy HAH ma MOH Ykpainu

IHAYKTUBHI CEHCOPH JIJISi BUXPOCTPYMOBOI
JAE®EKTOCKOII BACOKOI PO3ALILHOI 3JATHOCTI

Pesrome. I[lpooemoncmpogano 6ueomogneni iHOYKMUGHi CeHcopu GUCOKOI po30inbHoi 30amHocmi O
suxpocmpymogux nepemesoprogayis. Cencopu Oynu 00cniodceni Oisi SUHAYEHHS IX po30iIbHOI 30amHOCmi 8
cranyovomy degexmockoni. Ompumano 0806UMiIpHI MacHimHI 06paszu cucmemu MOOeIbHUX OeheKkmis, Ha IKUX
BU3HAYEHO pealbHy pO30IbHY 30amHicmy ceHcopig. Peanvna poszdinena 30ammuicme cemcopie cmanogumoy
menute 50 mixpon. Tunosi posmipu iHOyKmugHux cencopie ckiaoaioms npubnusHo lum y Oiamempi npu
ooesoicuni onuzvko 5 mm. Haseoeno gpomo cencopis Ha piznux emanax uecomosients, a maKoxic ¢oomo cucmemu
MooenbHux Oehexmice ma ix 06osumipnull macHimuuil 0opas. Takodxc NpoOeMoHCmMpOBaHO peanvHe MAZHImHe
300padicenHs  36apHO20 WA 6 ANIOMIHII, OmMpuMaHe MAKUM CEeHCOPOM 3a OONOMO20I0 CKAHYI0Y020
Odeghexmockona. 3pobineHo GUCHOBOK NPO NEPCNEeKMUGHICTb GUKOPUCIMAHHS CEHCOPI6 MAKO20 MUny @ HOGIMHIX
DPO3POOKAX BUXPOCIPYMOSUX 0edheKMOCKONI8 CKAHYIOY020 Ma MAMPUYHO20 MUNIg.

Kniouosi cnosa. suxpocmpymosa Oeghexmockonisi, cencop, HOYKMUGHUL CEHCOp, GUXPOCHPYMOGUL
nepemeopiosay, BUCOKA NPOCMOpPOo8a po30iNbHA 30AMHICHb.

S. Cherepov, V. Lepekha

THE INDUCTIVE SENSORSFOR HIGH RESOLUTION EDDY
CURRENT NON-DESTRUCTIVE TESTING

Summary. This paper presents the novel inductive sensors for the high-resolution eddy current scanning
heads used for non-destructive testing of the welded joints and material non-uniformities. The inductive coails,
used for magnetic excitation and detection of the inductive response, were wounded with 20 &#956;m copper
wire on the ferrite core with diameter down to 300 &#956;m. In this work we present the description of the
inductive sensors fabrication procedure, as well as their dimensions and pictures. The fabricated eddy current
sensors were fixed on the sensor holder, mounted on the computer controlled industrial 2D scanning system with
nominal spatial motion precision of 25 &#956; m. The 2D magnetic images, obtained by recording sensor signal
in each point of the scanning range, were used to determine the sensor’s ultimate resolution in detection of
material non-uniformities (defects). The test samples, specially designed for this purpose, have artificially
created test defects with various dimensions and depth. The test samples were designed to model cracks and
corrosion pinholes in magnetic (steel) and non-magnetic (aluminum alloy) materials The two-dimensional
magnetic image of the test samples reveals the actual spatial resolution of the sensors, found to be less than 50
micrometers Moreover, the sensitivity of the devel oped inductive sensor is high enough not only to image point
like inclusions but also to image the therma stress zone in the aluminum welded joint, as shown in the paper.
The small size of the sensors, typically ~1 mm in diameter and ~5 mm in length, allows dense packaging of
multiple sensors into the compact multisensory scanning head of the matrix type. The size and sensitivity of the
presented eddy current sensors make them a promising candidate for application in the latest non-destructive
scanning diagnostics systems."

Key words: eddy current diagnostics, inductive sensor, eddy current transducer, high spatial resolution.

Beryn. ¥V cydacHii Mar"iTHi# JeeKTOCKOIT IHIYKTHBHI CEHCOPH 3aliMaroTh OJIHE 3
YiILHUX MiCI[b Cepejl Yy TIMBUX BUXPOCTPYMOBHX IIEPETBOPIOBAYIB. IX IIMPOKE 3aCTOCYBAHHS
OB’ sI3aHe 3 TUM, 1[0 BOHU MPAIIOIOTh Y 3HAYHOMY IIUPOKOMY YaCTOTHOMY Ta JUHAMIYHOMY
Jliara3oHi, BETUKOMY JTHHAMIYHOMY Jiala3oHi, a TaKOXX 3HAYHUM IMHPOKHM CIIEKTPOM
MaTepialiB, SKi MOKYTh OyTH JOCIIJKEHI IUMH Yy TJIIMBUMU elleMeHTamH [1].

Jlis cydacHOro aBTOMaTM30BaHOTO BUPOOHHUIITBA HA/I3BHUYANHO aKTyaJIbHUMH € Taki
BJIACTHBOCTI 1HJYKTUBHUX CEHCOPIB, K MOXIWBICTH OTpHMaHHs iH(popmarii 6e3 mpsMoro
MEXaHIYHOTO KOHTAKTY 3 JIOCIIKYBaHUM 3Pa3KoM, a TaKOX J00pa 3aXUIIEHICTh BiJl BOJOTH
Ta 3a0pynHeHHS [2].
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B ocranHi#t yac 3HAYHOTO PO3BUTKY MOYMHAE HAOYBATH BUXPOCTPYMOBA JIE(PEKTOCKOIIis
BHCOKOI PO3/UIBHOI 37aTHOCTI SIK OJHO30HOBA CKaHyIO4Ya, TaK i 0araTo30HJI0BAa MaTpHYHA
[3-5].

3aekHO BiJl MOCTAaBJIEHUX IPOMUCIIOBICTIO 3aBJaHb PO3JIiJbHA 3aTHICTh NPHIIAIIB
TAKOTO THITy MOYXE CATaTH KITBbKOX JECATKIB MIKpOH 1 HaBiTh MeHINe. B maniit poOorti
MPOJIEMOHCTPOBAHO PE3YJIbTaTH PO3pPOOOK IHAYKTHBHUX CEHCOPIB JUISI BHXPOCTPYMOBOI
neGeKTOCKOIiT BUCOKOT PO3/IIIBHOT 3/]aTHOCTI, 110 OyJIM BUKOHAHI B [HCTUTYTI MarHeTU3My
HAH ta MOH VYkpainu.

B sikocTi ocHOBH ceHcOpiB OYJI0 BUKOPHCTAHO ocepyis 3 dbepuris MapoK 50BY, 100BY,
150BY, 400HH, 600HH, 1000HH Tta 2000HH, sxi mpamfoBanmm y Bl,I[HOBl,I[HOMy iXHIM
napameTpam Jiana3oHi 4acToT. O4eBUIHO, IO JJIsl 301IbIIEHHS PO3ALIHHOL 3/JaTHOCTI TAaKOTO
TUILy CEHCOpIB HEOOXiJHO 3MEHIIYBaTH O0JIACTh AaKTHBHOI B3aEMOJil ceHcopa 3
JOCTIDKYBAHOIO TTOBEPXHEIO, MO TEXHIYHO MOXE OYTH JIOCSITHEHO TUTBKH 3MCHIICHHSIM
niamerpa ocepas. OtpumaTe (PEpUTOBI CTPUIKHI MAJIOTO JiaMeTpa € JIOCUTh CKJIaIHOIO
TEXHOJIOTIYHOI 3a/1a49ero, TaK K PepuT € JyKe KPUXKHUM MaTepiaioMm.

Ha mnpakTuiii BHKOPHUCTOBYETHCS KiJTbKa METOJIB OTPUMAaHHS TOHKUX (PepUTOBHX
cTprkHiB. llepmmM € MeTon ekcTpysii, KOJM 3aroTOBKA CTPHIKHS BHUTHUCKYETHCS Uepes3
TOHKHIA OTBip, BUCYIIYETHCS, a TOTIM CITIKAETHCS. BUTOTOBUTH TakuM METOAOM (EepUTOBI
ocepast 100poi sIKOCTi (OTHOPIIHICTH Ta MOHOJIITHICTh 3aTOTOBKH) JAiaMeTpoM MeHIre 1 MM He
BIAa€Thcsd. 1OMYy Hally OCHOBHY YyBary OyJIO HampaBlIeHO Ha pO3pOOJIEHHS METOJIB
nutipyBaHHS 3aroTOBOK 3 IpecOBaHWX (EpHUTIB, SKi pi3aanch Ta OONMLITI(POBYBAIUCH 3a
KIIACHYHUMH MeToJaMu [6]. B T0mOBHEHHS 710 KIIACHYHUX METOJIB OYJI0 pO3pOOICHO METO.
(IHIITHOT JTOBOJKH CTPHIKHIB JI0 HEOOX1THOT SKOCTI MOBepxHi. JIOCATHYTI B I[bOMY HaIIPSIMKY
pe3yibTaty nutihyBaHHS (EPUTOBUX CTPHIKHIB CEHCOPIB MOKHA OaunTH Ha puc. 1 — puc. 3.

Pucynoxk 1 Pucynok 2 Pucyhoxk 3
Figure 1 Figure 2 Figure 3

Pucynok 1. llInigoBannii hpeputoBuii CTprKEeHD TS iIHIYKTUBHUX ceHCopiB niameTpom 300 MKM
Figure 1. A polished ferrite rod with a diameter of 300 um used as a core for inductive sensors
PucyHok 2. @eputoBuii CTpXeHb i BTOPMHHA KOTYLIKA CEHCOpa, HAMOTaHa IpoToM 20 MKM
Figure 2. The ferrite core and secondary coil of sensor, wounded with the 20 um wire
Pucynok 3. 30BHilIHiiT BUTJIA MOBEPXHi CTPYIKHIB Ticis HITiIOBKYU Ta OBOJKU
Figure 3. The exterior surface of the ferrite rods after polishing

BurotoBieni TakuM YHHOM (EPUTOBI CTPHXKHI BHKOPHCTOBYBAIHMCH SIK OCEpIs B
IHAYKTUBHUX CEHCOpaxX, sIKi MaJli 0OMOTKH 30y/KeHHsI, HAMOTaH1 ApoToM ToBIHHOKO 100 —
150 MKM, Ta BTOPHHHI CHUTHAJIBHI OOMOTKH, IIIO OYJHM BHTOTOBJICHI 3 JPOTY TOBITUHOIO 20
MKM. [liameTp Takoro ceHcopa CTAaHOBUTH OJM3bKO | MM MHpH JOBXKHHI OJHM3BKO S5 MM.
30BHIIIHIN BUTIISA CEHCOPA 3 IEPBUHHOIO Ta BTOPUHHOIO KOTYIIIKaMH 300pakeHo Ha puc. 4.

Taxki ceHCOpH MOXKYTh OyTH BHKOPHUCTaHI K OCHOBA JUISI MATPUIHUX CEHCOPHUX OJIOKIB
BUXPOCTPYMOBHX MEPETBOPIOBAYIB J€()EKTOCKOIIB BHCOKOI PO3UILHOI 34aTHOCTI, TaK 1 B
SIKOCTI CaMOCTIMHHX YYTJIMBHUX €JIEMEHTIB Y CKaHYIOUHX Jedekrockonax. Ha puc. 5 Ta puc. 6
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300pak€HO OJMHOYHI YyTJIMBI €IeMEHTH [UIsl CKaHylouuxX nedekrockomiB. Ha puec. 5
300pakeHO CEHCOp Ul CKaHyBaHHS BHYTPIIIHBOI MOBEpPXHI JeTaleld 3 MaJuM paiycoM
kpuBu3HHA, R=0.5 MM, Ha puc. 6 300paxeHO CEHCOPH ISl CKaHyBaHHS IJIOCKUX Ta BUTHYTHX
MTOBEPXOHb.

Pucynox 4 Pucynok 5 Pucynok 6
Figure 4 Figure 5 Figure 6

Pucynok 4. 30BHiHI# BUMIIA ceHcopa y 300pi mepen MOHTakeM HOTo B TpUMad, KpoK JIiHIHKH 1 MM
Figure 4. The exterior view of the sensor assembly before installation into the holder, shown on the 1 mm grid
Pucynok 5. Cencop ni1s ckaHyBaHHS BHYTPIIIHIX MTOBEPXOHB 3 MAJIUM PaJiycoM KPHBHU3HHU
Figure5. The sensor for the scanning of the internal surfaces made with a small curvature radius
Pucynoxk 6. CeHcopH BHCOKOI pO3IiIBHOT 31aTHOCTI Pi3HOMaHITHOTO MPU3HAYSHHS

Figure 6. Multipurpose high definition sensors

Kaxyun mnpo ceHcopu JUIsi BHUXPOCTPYMOBOi jAedekTockomnii BHCOKOI pPO3AUTBHOT
3/IaTHOCTi, SKi BHTOTOBJISIOTHCA B IHcTUTyTi MarHetmsmy HAH ta MOH VYkpainu,
HEMOJKITUBO OOIMTH yBaroro JOCSATHYTI 3a JOITOMOTOIO TaKMX CEHCOPIB Pe3yJbTaTH CTOCOBHO
PO3JIUTBHOT 3/1aTHOCTI CKaHYIOUHX J1€()EeKTOCKOIIIB.

VY ckaHyrouoMy aedeKTocKoI iHdopMarlis mpo AOCTiDKYBaHUN 00’€KT TMOJTAEThCS Y
BUTJISAJI IBOBUMIPHOTO 300pa)KeHHs, B KOMY IO ocsiX X Ta Y BIAKIAQAAIOTHCS KOOPAWHATH
CeHcopa HaJ JOCIIKYBaHUM 00’ €KTOM, a CHTHAJl 3 C€HCOopa y BIAMOBIAHIN Touli 00’ekTa
ITOJTAETHCS Y BUTIISJII SICKPABOCTi 200 KOJIBOPY.

Pucynox 7 Pucynoxk 8 Pucynok 9
Figure 7 Figure 8 Figure 9

Pucynox 7. Mikpodortorpadis MonenbHuX nedeKTiB y BUIIAAI BiZOUTKIB Bil yKOJiB MiKpOTBEepAOMipa, 110
BUKOHaHi 3 KPOKOM 25 MKM

Figure 7. The picture of the model defects, made by microhardness tester injections. The injections are made in
25 pm increment

Pucynox 8. JIBoBumipHMii MarHiTHUI 00pa3 Big MOJAETbHNX Ae(EKTiB - BITONTKIB MiKpOTBEpIOMIpa,
300paxeHnX Ha puc. 7

Figure 8. The two-dimensional magnetic image of model material defects, i.e. microhardness device prints,
depicted in Figure 7

Pucynoxk 9. MarziTHuit 00pa3 mutioBaHOro 3BapHOTO LIBA B aFOMiHIIO
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Figure 9. Magnetic image of polished welding joints in aluminum

B sKocTi MofenbHOTO 00’ €KTa BUKOPHUCTAIM CHUCTEMY BiOMTKIB MIKpOTBEpAOMipa Ha
alfoMiHieBId TacTuHI. MikpodoTorpadis MoJeIbHEX IeeKTiB MpejcTaBlieHa Ha puc. 7,
KpPOK MiXK BiTOMTKaAMH CTAaHOBHTH 25 MiKpoH. OTpUMaHM TaKUM YHHOM pelibe() CKaHyBaBCS
3a JIOTIOMOTOI0  JIBOBHMIPHOI CHUCTEMM CKaHyBaHHs, IO Oyjl1a BHKOHAaHa Ha OCHOBI
KOHTpOJIepa Ta CHCTeM TepeMimeHHs gpipmu «Isel», ®PH.

JIBoBUMIipHMIT Mar”iTHHI 00pa3 BiJl CHCTEeMH MOJEIBHUX Je(eKTiB-BIIOUTKIB
MIKpOTBepJIoMipa, IO 300pa)keHa Ha puc. 7, MOXXKHa moOauutd Ha puc. 8. Ha mpomy
300pakeHHI 0aYMMO MPOITYCKH B CHCTEMi BIIOWTKIB, BiJICTAHh MIXK SIKHMH JTOPIBHIOE 50 MKM
(mpaBuii 6ik OykBM M) Ta Okpemi BIJOMTKM B HaXWJIEHUX IiJ KYyTOM JIO TOPH30HTAIl
JacTHHAX OYKBH M, BiJICTaHb MiX SIKHMH JIOPIBHIOE OJTH3HKO 35 MKM. 300paKeHHsI OTPHMAHO
3a JIOMOMOT OO pacTPOBOTO (JOPMYBAHHS OJHUM CEHCOPOM.

Ha puc. 9 MmoxHa mobaunTu MarHiTHUHE 00pa3 muTioBaHOrO 3BAPHOTO I1BA B AJIFOMIHIIO.
O0pa3 oTpuMaHO 3a JOTIOMOTOIO PACTPOBOTO CKAHYBaHHS OJTHUM CEHCOPOM 3 JliaMeTpOM
akTUBHOI 30HH O1u3pK0 300 MKM. UiTKO 6auuMO CTPYKTYpY METaly y IIBi, OJISI TEPMIYHUX
HaIPYT Ta TOYKOBI Je(PEKTH y BATJISIII KPATIOK 3 KUTBISIMH.

BucnoBku. I[TpogeMOHCTPOBAaHO BIACTHBOCTI Ta MOMKJIMBOCTI BHTOTOBJICHHX B IMar
HAH 1a MOH Vkpainun manoraGapUTHUX I1HJIYKTHBHUX CEHCOPIB JUISI BHUXPOCTPYMOBHUX
nepeTBoproBadviB. J[aHi ceHCOpH MOXYTh 3HAWTH BUKOPHCTAHHS B 0araThO0X HOBHX IPHIIAIAX
BUXPOCTPYMOBOT J1e(eKTOCKOIIT BUCOKOT PO3ALTBHOI 3/JaTHOCTI.

Conclusions. Properties and capabilities of the compact inductive sensors for eddy
current scanning heads, used for non-destructive metal diagnostics have been presented. The
compact dimensions and the sensitivity of the built sensors make them feasible for
applications in novel high resolution eddy current based scanning diagnostics tools.
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