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METO/J PO3PAXYHKY MAT'HITHUX JATUYUKIB JIAT'HOCTUKH
3YBUYACTUX ITIEPEJJAY

IIpononyemovca Memoo po3paxyHKy MASHIMHUX OAMYUKIE, NPUSHAYEHUX ONs cucmem OlacHOCMUKU
3y6uacmux nepeoau. Memoo euxopucmogye meopemy npo e3acmuicmo K.M. Ilonieanoea ons eusnauenus
MAa2HimMHO20 NOMOKY, iIHOYKOBAHO20 3y04aACmuM KOLeCOM 8 MA2HIMmonposodi damuuxa. Bucoka wymausicme
MASHIMHO20 0AMYUKA O0380JIAE GUHAYAMU He MINbKU HAAGHICMb 3Y0i6 3y64acmux Kojec ma uiecmepeny,
ane i ix ecinaxi Oeghexmu. JJacmucs OyinKa YUCeNbHUX PO3PAXYHKIB 30 NPONOHOBAHOI0 MEMOOUKOIO 3 OAHUMU
HAmMypHO20 eKCnepuMeHimy.

Knrouogi cnosa: oamuux, macnimna cucmema, gepo3ono, cepoeynux, 3youacma nepeoaud.

Brenenns

Cucremu jgiarHoctuku 3youactux mnepexad (3[1) BuMararoTh He TUIBKM BHMIPIOBAaHHS 4YacTOTH OOEpTaHHS
3y04acTHX KOJIEC Ta IIECTEPEHb, ajle TAKOXK BH3HAYEHHS (DAKTy MOJIOMKH 3y0a, CTyIIEHS 3HOCY 3y0iB, BEJTMYMHH OUTTSI.
Bcro mio iHgopMaliiro MokKHa OTPUMAaTH BUKOPHCTOBYIOUHM 0OaraTo(yHKIIOHAJIbHI JAaTYMKH YacTOTH OOEepTaHHS 3a
paxyHOK 301JbIIEHHS X YYTIMBOCTI Ta e()EeKTUBHOCTI, @ TAKO)K BUKOPUCTaHHS CYYacHHUX 3ac00iB 0OpOOKM MepBUHHOT
inpopmanii. [Ipu npoMy naTyuku 4YactoTu oOepTaHb OyIyTh TaKOXK BHKOHYBAaTH CBOI 3BHYaiHI (yHKIII, TOOTO
BU/IaBaTH CHI'HAJ Ha KO)KEH MOMEHT IPOXO/KEHHsI 3y0a ITiJi MAarHITHOIO CUCTEMOIO TaTYHKa.

3 ornmsay Ha HOBUH MiAXiA J0 BU3HAYEHHs (QYHKIII JAaTUYMKIB 4acTOTH OOepTaHHS MOTPiOHI HOBI METOAM
PO3paxyHKy iX OCHOBHHX BY3JiB, YOMY NPHUCBSYEHA I CTAaTTsA. MarHiTHI JaTYUKH 4acTOTH OOepTaHHS 3y04YacTHX
KOJIiC, 3aBISKH TaKUM CBOIM IlepeBaraM sIK BHCOKa YYTJHUBICTh, HM3BKUI TODIT YYTIMBOCTI, MEXaHIYHA MIIHICTB,
JIOCTAaTHIH €HepreTHYHHUH PIBEHb BHUXIIHHUX CHTHAJIB, TEMIEpPAaTypHA 1 THMYacoBa CTaOLIBHICTH MapamerpiB, BHCOKa
MOTEHII{HA 37]aTHICTh PO3UIMPEHHs (DYHKIIOHAIFHUX MOXJIMBOCTEH MAaroTh XOPOIII MEPCIEKTHBA BUKOPHCTAHHS B
cUcTeMax JIarHOCTUKU TPaHCMICiH TPaHCIOPTHUX MAIWH, OypOBUX i TipHHYOMOOYBHHX MAIHH, TATOBHX Iepenad
TEIJIOBO31B 1 €JIEKTPOBO3iB, OPOHHOBUX MAIIIHH 1 TAHKIB.

MarHiTHI CHCTEMH TPOIIOHOBAaHHMX JATYMKIB BH3HAYAIOTh iX METPOJIOTIUHI XapaKTEepUCTHKH, TOMY IO
PO3paxyHKy LHUX IIPHUCTPOIB IPE'SIBISETHCS BUMOra BHUCOKOI TOYHOCTI, YHIBEPCAIBHOCTI 1 IMPOCTOTH HYHCEIBHOI
peautizaii.

Ocobausocmi KOHCMPYKYILL MASHIMHUX cucmem Oamuuxie. YHIBEpCAIBHICTh 3alpONOHOBAHOI KOHCTPYKIIT
JATYUKIB TOJISITA€ B TOMY, IO X MOYKHA BHKOPHUCTOBYBATH JJIsi KOHTpONO 3yOuactux koiic (3K) pi3HUX MOIYIiB.
[TpuHIMT MOOYIOBH OJJHOTO 3 BapiaHTiB MarHiTHOI CUCTEMH MOKa3aHUi Ha puc. 1.

1-3K; 2, 3 — cepieuHHKH HAMBEJIEMEHTIB @ 1 6; 4, 5 — BUXiIHI 0OMOTKH; 6, 7 — 0OOMOTKH 30y /IXKESHHSI
Mann. 1. KoHCTpyKIist MarHiTHOI CUCTEMH JIaT4MKa (CXeMa HojaeMepa)

MarHiTHa cuUcTeMa JaTYMKa CKIIAJAa€ThCs 3 JIBOX HAIIBEJIEMEHTIB a 1 0, SKI CKIAIaloThCSI 3 CEPICUHUKIB,
BHUKOHAHUX 3 aMOpP(HOT0 3ajIi3a i pO3TalIOBaHUX Ha HUX OOMOTOK (Mail. 2)
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1 — cepaeyHuk; 2 — 00OMOTKH 30yKeHHS; 3, 4 — BUXiIHI MOJyOOMOTKH
Maur. 2. HamiBeJIEMEHT JaT4YMKa

Crpiuka 3 amopdHOro marepiany JIerko IeOpMYyeTbCsl (TOBIIMHA CTPIYKH 25 MKM) i CTBOPIOE MOXKIIMBICTh
3MiHIOBaTH (POpPMY CEpIEYHHKIB HaIliBEIEMEHTIB. 3MIiHIOIOYM BijacTaHb 2¢ (Man. 3), MoxHa migOupatu ¢Gopmy
cepedHuKiB st gatunkiB 3K 3 pisHEM Monynem. 30UTblyroun a0 3MEHIIYIOYM BEIWYMHY 2f, MOXKHA 3MIHIOBaTH
MAarHiTHUH MOTIK, IHAYKOBaHUI 3y0aMH, KU 3anexuTh Big Moayis 3K.
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Mani. 3. ®opmu ceplieyHrKa HalliBENIEMEHTY JTaTYHKa

MarHiToIpoBiJl AaT4uKa, 1Mo CyTi CIPaBH, SIBISIE COO0I0 (PepO30H]I 3 BUTHYTUMH CEPACYHUKAMH 1 BOJIOJIIE BCiMa
HOro XapakTepHCTHKaMH, TOOTO HU3BKMM MOPOrOM YYTJIHMBOCTI i BHCOKOIO CTaOUIBHICTIO MapamerpiB. BurHyruii B
MIBKIJIbLE CEPIEYHHK POOUTH NATYMK MAIOYYTIMBHM O IIOJIB IepeIrkoqd. HW3bKuil MOpir BUMIPIOBAHOTO IOJIS
(0,1-1)-10° Tn mae MOKIMBICTH BUMIpATH He TiIBKM HPHUCYTHiCTH 3y0a M JATUMKOM, ajle TAKOK BHUMIpIOBATH
rapamMeTpyd MarHiTHOrO Iojsl, iHgykoBaHoro 3yoom. HamarniuyBanHs 3K npoBOIUTBCS TOCTIHHHM MarHiTOM,
pO3TaIllOBaHUM Ha JliaMeTPalbHO MPOTHJIEKHOMY OOIi Bij nartunka. HU3BKHMI MOpIT 4yTIMBOCTI JaTYMKa JO3BOJISIE
BHUKOPHCTOBYBAaTH JJIsl HaMarHiuyBauHs 3K maruitHe none 3emiti.

BuxinHi OOMOTKM HAIiBEJIEMCHTIB JaTYMKa MOXKYTh BKJIIOYATHCSA 3a CXCMOIO IIoJieMepa, MpPU IbOMY
KOHCTPYKIIisi MArHITHOI CHCTEMH TakKa, SIK II0Ka3aHo Ha MaJ. 1, abo 3a cxemoro rpajieHToMepa. KOHCTpyKIisi MarHiTHOT
CHCTEMH JIaTYUKA JUIsl CXEMU TpajlieHTOMepa HaBe[eHa Ha Mail. 4.
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1-3K; 2, 3 — cepeyHUKH HaIiBEIEMEHTIB; 4, 5 — KOTYIIKH 30y/HKEHH; 6 — BUXiHA KOTYIIKA.
Maun. 4. KoHCTpyKIIisi MArHiTHOI CUCTEMU JlaT4YHKa (IpafieHToMep)

BuxigHuii curHan aaTyuKa-rpajieHToMepa IMpONOPIIHHUA PI3HHUII MAarHiTHHX IOTOKIB y MAarHiTONPOBOAAX
nmaTauka. JlaTduky pearyroTh Ha MOCTiHHI 1 HU3PKOYACTOTHI MArHITHI MOJIS, HA BIAMIHY Bill IHIYKIIHHAX JaTYUKIB, Y
SIKMX CHTHAJI ITPOTIOPIIIHHIIA NepIIoi NOXiHOT BiJl CKJIaJOBOI HAIIPYKEHOCTI MarHiTHOTO MOJSL.

Ocobnugocmi po3paxynKy MasHimuux cucmem damuuxie. B OCHOBY po3paxyHKy MarHiTHUX CHCTEM NATYMKiB
MOKJIaJieHa Teopema 1po B3aeMHicTh [lomiBaHoBa K.M. [1], sika Moke OyTu mpezcraBiieHa y BUDISAIL (GOpPMYIH ISt
MAarHiTHOTO MOTOKY, IHAYKOBaHOTO B MarHiTONPOBO/I CHCTEMH HaMarHiueHuM 3yoom 3K:
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TYyT M, —HOpMalbHa CKJIaJ0Ba HAMAarHIYeHOCTI Ha TMOBEPXHI 3y0a;
@ — MarHITHUH CKaJISpHUH MMOTEHIiaN, CTBOPEHUH Ha TIOBEPXHI 3y0a cepJIeYHHKOM HalliBEIEMEHTY JaTunKa

3 PO3TAIIOBAHOI HA HHOMY BUX1IHUH OOMOTKOIO 3 YKCJIOM BUTKIB W, B sKiii IIPOTIKA€ CTPYM I;
S — mToma moBepxHi 3yoda.
3rigHo [2] po3paxyHOK MarHiTHOro MOTOKY B MAarHIiTONPOBOJI HaMiBEJIEMEHTY JaT4HKa, iHAYKOBAaHOTO 3yOOM
3K, npoBoauThCs y nBa eranu. Ha meprioMy erami po3paxoBYeThCsl HOpMailbHa CKJIaJ0Ba BEKTOpa HAMArHi4eHOCTi Ha
moBepxHi 3yba 3K. Ha apyromMy — Bu3HauaeThcs (DYHKISS MArHiTHOTO IOTEHIIIATY, CTBOPIOBAHOTO CEPACYHHKOM
HAITiBeJIEMEHTY 3 PO3TAIlIOBAHOIO Ha HHOMY BHXiJTHOT OOMOTKH 3 MarHiTOpYIIiHOIO cuitoro iW.
Pospaxynok Bennuunu M, Ha moepxHi 3K pekoMeHIyeTbCs 3pOOMTH 32 METOOMKOIO, BUKIAAeHOW B [3],

IIAXOM YHUCCIBHOI'O piIHeHHH iHTeraJ'II)HOFO piBHfIHHH (I)pez[ronLMa NepuIoro poay:
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TyT FQ, FP — BCKTOp, HpOBeZ[eHI/Iﬁ 3 TOYKH KEPEJIa B TOUKY CIIOCTCPCIKCHHS

P

@,, — IOTEHIIiaJ, [0 CTBOPIOETHCS MTOCTIHHUM MarHiTOM.

[Torenrrian, 0 CTBOPIOETHCSA KOTYIIIKAMH, PO3TAIIOBAHUMH Ha OCEPJi, PO3PAaXOBYETHCS Y TaKi¥ MOCITiIOBHOCTI.
Bu3HavyaeThCsl MOTEHITIAN, 10 CTBOPIOETHCS BUXITHUMU OOMOTKaMHU 0€3 CeplIeUHUKIB. BUKOHYEThCS 1€ B JIOKAIBHHUX
KOOpIWHATAX U, U, W 33 HACTYITHOIO (opMyIoro [5]:
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TYT u', ', W' — KOOpAMHATHU JDKEpENa;
v' — KOOpWHATA, CIPSMOBAHA IO OC1 KOTYIIIKH;
7 — TIOBEPXHEBA IIUIbHICTh CTPYMY KOTYIIIKH.



Ha napyromy erarmi BpaxoBYeThCs BIUIUB cepieuHrKa. CepIeuHUK € TOHKOK TUIACTUHKOIO (TOBIIMHA 25-50 MKM)
TOMY TIpH PO3paxyHKy HOTEHIlialy, SIKUil BiH CTBOPIOE BUKOPUCTOBYETHCS TEOPisl PO3IMOJIITY MAarHiTHOTO 3apsay Ha
TOHKHMX HE3aMKHYTHX TNPOBIIHMX TNOBepXHsAX [4]. BimnoBimHo mo mi€i Teopii, SKIIO MOTEHIIaNX MOBEPXHI TOHKOI
TUTACTUHH JAOPIBHIOE (9, , TO 3@ HASBHOCTI MOTEHIIialy, 0OyMOBIIEHOT'O CTPYMOM Y KOTYIIIKaX, BUXOAUTh
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Je @, — MOTEeHIIial, 10 CTBOPIOETHCSI 0OMOTKAMH 3 CTPYMOM;

M, M,, — HOpMaJbHi CKIaJ0Bi HAMAarHi4eHOCTi Ha ABOX CTOPOHAX INACTHHHU (Mall. 5);
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R, —MOMyIb BEKTOPA, MPOBEAEHOTO 3 TOUKH [DKEPENA B TOUKY CIIOCTEPEKEHH;
S — mIoIIa MOBEPXHI TUIACTUHH.
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Maun. 5. JlinsiHKa MarHiTonpoBoAy JAaT4MKa B IN100albHil cucTeMi KOOpAUHAT X, ), Z

[HTerpabpHe PiBHSHHS BUPILIYETHCS METOJOM MOAM(DIKOBAaHUX KBaApaTyp MPU PO3OUTTI ILIOIIUHM, IO JIEKUThH
rocepeIuHi MiXk IOBEPXHAMH IUTACTUHU Ha eJIEeMEHTapHI IPSIMOKYTHI MaiJaHIHKH.
PiBHsiHHS (4) 3BOJUTHCS O CUCTEMH JTIHIHHUX PIBHSHB:
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ae AS; —mioma eneMeHTapHOl IIOIIaIKH;
Aa;, Ab; — pO3MIpH elIeMEHTApHNX MailaHYNKIB, Ha SIKi PO3OUBAETHCS IUIOIIA CEP/CUHNKA;
o, =M, +M,;

N — KIUJIBKICTE CJIEMCHTapHUX Maﬁ):[aH‘IPIKiB.

i ;> I, I; — Pajiiyc-BEKTOPH TOYOK CIIOCTEPEKEHHS 1 JDKeperia;

Ilicng BU3HAYEHHS O, , 3HAYCHHA M M BU3HAYAIOTHCA HIIAXOM BI/IpiH_IeHHH HaCTyHHO.I. CHUCTEMU piBHHHL
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[4] nna KoXKHOI i-0i eneMeHTapHO MJIOMIAKH:
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Tyr H, — HOpMaJlbHa CKJIaJ0Ba HAIPYKEHOCTI MArHITHOIO MOJIs, sIKA CTBOPIOETHCS OOMOTKOIO 31 CTPYMOM Ha
i-My €JIEeMEHTapHOMY Mai/IaHuUKY;
7 — OAMHWYHHI BEKTOP HOPMAJIbHUI JI0 TOBEPXHI Ocep/Is;
K — KiJIbKICTh €leMeHTapHUX MalIaHYMKIB JaTYHKa.
3BiCHO, SKIIIO MarHiTONPORBIJ JaTYAKA CKIAIA€ThCS 3 ONHIET INTACTHHU, TO OCTAHHIHM J101aTOK B (6) 00epTaeThes

B HYIIb, TaK K COS (ﬁ,RP ) =0.

ITlicns Bu3HaueHHA BeduuuH M, M ,  3HaXoAuTbCA (YHKIIsA MOTEHNialy, IO BXoauth y ¢dopmymy (1), 3
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HACTYITHOT'O CITiBBiTHOIIICHHS:
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47[ Ry 477 5, Rep
e S,, S, — NOBepXHi MarHiTONPOBOJa AaTUHKA.
BuxinHa Hanpyra JaTdvka 3HaXOIWTHCS 31 CITiBBITHOIICHHS
, =810,
ne [ —dactora 30y/KEeHHS;

@ — Mar”iTHUH MOTIK B MarHiTOMPOBO/II.
Pe3ysnpraTi 4MCENBbHUX PO3PAaxXyHKIB 3a TPONOHOBAHOK METOAMKOIO BiJIPI3HSIOTHCSA BiJ JaHUX HATYPHOTO
eKCIIEpUMEHTY He Oiibiie, Hix Ha 8-11%.



BucHoBkn

1. OcHOBOIO pO3paxyHKy MarHiTHHX JaT4YWKiB € TeopeMa mnpo B3aemHicth K.M. IloniBaHoBa, sika J03BOJISIE
PO3paxoByBaTH MarHiTHUH MOTIK B OCEp/Ii AaTUYNKA, IHAYKOBAHHUN 3y0YaCTUM KOJIECOM.

2. Po3paxyHOK MarHiTHOTO IOTEHIi a1y, CTBOPIOBAHOTO CEpJICYHUKOM JaTYHKa 3 0OMOTKOIO, MOYXHA IIPOBOJTUTH,
BB)KAIOYHM CEPJCYHHMK JaTUYMKa TOHKOI IUIACTUHOIO, LUISXOM BUPIIIEHHS I1HTErpajbHOro piBHsHHS Ppearonbma
METOJI0M MOAU(IKOBAaHUX KBaIPaTyp.

Jlitepatypa

1. ITonmuBanoB K.M. Teopetndeckue oCHOBHI J1eKTpoTexHuku. U.3. — M.: Dueprus, 1975. — 120 c.

2. Kanamnuukoa O.H. Cucrema W MarHMTHBI METOJ Uil OOHAapy»KeHHsS (DeppOMAarHWTHBIX TEl B HEMAarHUTHBIX
cpenax: auc. kaHa. TexH. Hayk: 05.11.03 / Kamamnaukosa O.H. — Xapekos, 2003. — 161 c.

3. l'anayp M.M. AHaJiu3 MarHUTHBIX CUCTEM JaTYMKOB CKOPOCTH BPAIICHUS C MOCTOSHHBIMU MAarHUTaAMU: JTUC. KaH]I.
TexH. Hayk: 05.09.92 / Tannyp M.M. — M., 1992. — 120 c.

4. Metonsl pacyera 3ekTpocraTHueckux mnoner / [Mupomo6os H.H., Kocrenko M.B, Jlepunmiretin M.JI1., Tuxomneer
H.H.]. — Beiciias mixomna, 1963. —414 c.

5. SIkoBeHko B.B. MarHuTHbIe JaTYMKH MEXaHUICCKUX BETUYMH / JIaTYMKA M METO/IBI TIOBBINICHHUS UX TOYHOCTH: y4eO.
noco6ue - K.: Buma mikoina, 1989. — C. 57-109.

References

1. Polivanov K.M. Teoreticheskie osnovy jelektrotehniki. Ch.3. — M.: Jenergija, 1975. — 120 s.

2. Kalashnikova O.N. Sistema i magnitnyj metod dlja obnaruzhenija ferromagnitnyh tel v nemagnitnyh sredah: dis.
kand. tehn. nauk: 05.11.03 / Kalashnikova O.N. — Har'kov, 2003. — 161 s.

3. Gandur M.M. Analiz magnitnyh sistem datchikov skorosti vrashhenija s postojannymi magnitami: dis. kand. tehn.
nauk: 05.09.92 / Gandur M.M. — M., 1992. — 120 s.

4. Metody rascheta jelektrostaticheskih polej / [Miroljubov N.N., Kostenko M.V, Levinshtejn M.L., Tihodeev N.N.]. —
Vysshaja shkola, 1963. —414 s.

5. Jakovenko V.V. Magnitnye datchiki mehanicheskih velichin / Datchiki i metody povyshenija ih tochnosti: ucheb.
posobie - K.: Vishha shkola, 1989. — S. 57-109.

Ilpeonacaemcs memoo pacyema MAcHUMHBIX OAMYUKOS, NPEOHAZHAYEHHBIX OISl cucmem OuazHoCmuKy 3youamelx nepeday. Memoo
ucnonvzyem meopemy o ezaumnocmu K.M.Ilonueanosa 015 onpedenenuss MAZHUMHO2O NOMOKA, UHOYYUPOBAHHO2O 3YOHAMbBIM
KONeCOM 8 MAZHUMONPoGooe 0amuuKka. Bvlcokas uwyecmeumensbnocms MAasHUmMHO20 OAMYUKa NO360JAem Onpedeiimy He MoabKo
Hanuyue 3y0bes 3y6uamblX KONEC U WeCmepeH, HO U UX 8Cego3MOdicHble deekmul. JJaemcs OyeHKa HYUCIEHHbIX PACYenos no
npeonazaemoil Memoouxe ¢ OaHHLIMU HANYPHO2O0 IKCnepumMeHmd.

Knrouesvie cnosa: damuux, macnumnas cucmema, peppo3ono, cepoeunux, 3youamas nepeoaud.

The method of calculation of magnetic sensors designed for diagnostic systems
gear is proposed. The method uses the reciprocity theorem of K.M.Polivanov to determine the magnetic flux induced in the magnetic
gear wear. The high sensitivity of the magnetic sensor allows determine not only the presence of teeth of gears and pinions, but also
all kinds of defects. The estimation of the numerical calculations by the proposed method to the data of field experiment is given.
Keywords: sensor, magnetic system, ferroprobe, core, gear.
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Bezkorovaynyy V.S., Sinan Talib

METHOD OF CALCULATION THE MAGNETIC SENSORS OF DIAGNOSIS
GEARINGS

The method of calculation of magnetic sensors  designed for  diagnostic — systems
gear is  proposed. The method wuses the reciprocity  theorem  of KM Polivanov
to determine the magnetic flux induced in the magnetic gear wear. The high sensitivity of the magnetic sensor
allows determine not only the presence of teeth of gears and pinions, but also all kinds of defects. The
estimation of the numerical calculations by the proposed method to the data of field experiment is given.
Keywords: sensor, magnetic system, ferroprobe, core, gear.

Introduction

Diagnostic systems gear require not only measure the speed gears and pinions, but also determine whether the
tooth breakage, wear of the teeth, the values of the beats. All this information can be obtained using a multi-speed
sensor by increasing their sensitivity and efficiency, and the use of modern means of processing of information. In this
case, the speed sensor will also perform their normal functions, that is, to provide a signal on each tooth at the time of
the passage of the magnetic sensor system.

In view of the new approach to the definition of speed sensors require new methods of calculating their basic
units, which is devoted to this article. The magnetic speed sensor gear, thanks to its advantages such as high sensitivity,
low threshold, mechanical strength, sufficient energy level output, temperature and time stability of parameters, high
potential ability to extend the functionality to have good potential use in diagnostic transmissions transport vehicles,
drilling and mining machinery, traction gears diesel and electric locomotives, armored vehicles and tanks.

The magnetic system of the proposed sensors determine their metrological characteristics, so the calculation of
these devices are requirements of high accuracy, versatility, and ease of numerical implementation.

Design features of the magnetic sensor systems. Versatility is offered by the construction of sensors that can be
used to control the various modules of gears. The principle of construction of one embodiment of the magnetic system
shown in Fig. 1.

7 6
a) 6)
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1 — gear; 2, 3 — half-cell cores a and b; 4, 5 — output windings; 6, 7 — field winding
Fig. 1. The design of the magnetic sensor system (Scheme polemera)

The magnetic sensor system consists of two half-cells ¢ and b, which consist of cores made of amorphous iron
and windings disposed thereon (Fig. 2).

A 2 3

I W

1 —core; 2 — field winding; 3, 4 — weekend poluobmotki
Fig. 2. The half-cell sensor

1

Band of amorphous material is easily deformed (tape thickness 25 microns) and creates the ability to change the
shape of half-cell cores. By changing the distance 2¢ (Fig. 3), can be selected to form the cores of sensors with different
gear module. By increasing or decreasing the size 2¢, you can change the magnetic flux induced by the teeth, which
depends on the module gear.
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Fig. 3. Forms the core half-cell sensor

The magnetic core sensor, in fact, is a ferroprobe with curved cores and has all its characteristics, that is, low-
threshold, high stability parameters. Curved semi-circle in the core makes the sensor insensitive to interference fields.
Low threshold measured field (0,1-1)-10° T makes it possible to measure not only the presence of the tooth below the
sensor, but also to measure the parameters of the magnetic field induced by tooth. Magnetisation gear produced by a



permanent magnet located on the diametrically opposite side of the sensor. Low threshold sensitivity of the sensor can
be used to magnetize the gear Earth's magnetic field.

Output winding half-cell sensor can be activated by polemer circuit, wherein the magnetic system design such as
shown in Fig. 1 or by gradientomer scheme. The design of the magnetic sensor system for the gradientomer scheme
shown in Fig. 4.

1 — gear; 2, 3 — half-cell cores; 4, 5 — excitation coil; 6 — output coil.
Fig. 4. The design of the magnetic system of the sensor (gradiometer)

The sensor output signal proportional to the difference gradientomera-magnetic flux in the magnetic sensor. The
sensors and the constant low frequency magnetic fields, in contrast to the inductive sensor whose output is proportional
to the first derivative of the magnetic field component.

Features of the calculation of the magnetic sensor systems. The calculation of the magnetic sensor systems put
the reciprocity theorem Polivanova K.M. [1] which can be represented by the formula for the magnetic flux induced in
the magnetic system magnetized tooth gear:

Hy
o=t 10 .M ds, 1
i 'S[go ., (1

here M, —the normal component of the magnetization on the tooth surface;
@ — magnetic scalar potential is created on the surface of the tooth core half cell sensor disposed on the

output winding it with the number of turns W, which current flows i;
S — surface area of the tooth.

According to [2], the calculation of the magnetic flux in the magnetic sensor half cell induced tooth gear is
performed in two stages. At the first stage the normal vector component of the magnetization on the surface of the gear
tooth. On the second - defined function of the magnetic potential created by the half-cell core with an arrangement of
output winding magnetomotive force with i/V.

Calculation M, on the surface of the gear is recommended by the method described in [3], by numerically

solving the Fredholm integral equation of the first kind:

1 ¢ MJdS
7y |7 =73
here 7,, 7, — vector from the source point to the observation point;

@,, — potential generated by a permanent magnet magnetizing gear.
The potential created by the coils disposed on the core, is calculated in the following sequence. Determined by
the potential created by the output windings without cores. This is done in the local coordinates u, v, w by the following
formula [5]:

g bg ag ! ! ! !
0 = 4L j J~ v'du'dv'dw : 3)
ﬂ—y,—b,—u, "2 "2 n2 |2
KoK [(u—u ) +(v—v ) +(w—w) J
here u’, v’ w'— coordinates of the source;
v'— coordinate axis direction coil,;
7 — the surface density of the coil current.
The second stage is taken into account the influence of the core. The core is a thin plate (thickness 25-50
microns) so the calculation of the potential that it creates use of the theory of distribution of magnetic charge is not
closed on thin conductive surfaces [4]. According to this theory, if the surface potential of the wafer is ¢, then in the

presence of potential due to the current in the coils is obtained
1 (M, +M,)dS

nl
gD]( 44— = gDO ) (4)
s Rpo
where ¢, — potential generated by the windings with current;
M

R,, —the module of vector drawn from a point source to the point of observation;

M,, —normal components of the magnetization on the two sides of the plate (Fig. 5);

nl’

S — surface area of the plate.
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Fig. 5. Plot the magnetic sensor in the global coordinate system x, y, z.

The integral equation is solved by the modified quadratures in the division plane, which lies midway between the
surfaces of the rectangular plate on the elementary playground.
Equation (4) is reduced to a system of linear equations:

Ab, Aa.
i+ D0, —— A4S, +0, ~ ! » ! =@y 5
; |r -7 | ( ! Aa; ! Ab, JH Po ©)

]#l

where AS, —area of the unit area;
Aa;, Ab; — dimensions elementary areas into which the core area;
=M .+M

nli n2i
N — the number of elementary areas.
After determining the o, value M

7, - radius vectors of observation and source;

determined by solving the following equations [4] for each i-th

nli? 1721

elementary area:

M, +M,, =0,
M, -M,, =¢,
1 & o, cos(n,R,
where ¢ =2H,+— MASV (6)
2 5 Ry ‘

here H,, — normal component of the magnetic field created by a current-carrying coil on the i-th elementary

area;
n — the unit vector normal to the surface of the core;
K — the number of elementary areas of the sensor.

Naturally, if the magnetic sensor consists of a single plate, the last term in (6) goes to zero, as cos (ﬁ EPQ ) =0.

After determining the values of M ., M . is a function of potential, part of the formula (1), from the following

nli? n2i
relationship:

1 M”ldS 1 J-M”zdS
9= 4 g 5 R 477 ;s R ’

PQ PO

where S, S, —the surface of the magnetic sensor.
The sensor output voltage from the relation
U,=8f@,
where f — excitation frequency;
@ —magnetic flux in the yoke.
The numerical results by the proposed method are different from those of natural experiment is not more than 8-
11%.
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