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MOJEPHI3ALIA ®EPO3OHAOBOI'O MATHITOMETPA
O bobano IO. A., Kicenuunux M. ., Menenwv M. B., [lasnos @. b., 2017

3anponoHoBaHo (epo3oHAOBHII MArHiToMeTp, sIKUii BIIPi3HSETHCS Bil KJIACMYHOIO
aHAJIOTA CIPOINEHOI0 KOHCTPYKUI€0 NaTYUKA MACrHITHOIO MOJisi, BUKOHAHOIO Ha OJHOMY
CTPUKHI.

3nilicHeHO TeopeTHMYHMIl aHAMI3 POOOTH TAKOr0 AATYMKA i TMOAAHO pe3yJbTaTu iioro
eKCIepUMEHTAIBHOI epeBipku. Po3IISIHYTO CTPYKTYPHY CXeMy MO/IEPHi30BAHOT0 MAarHi-TOMeTpAa.

YyTtauBicTh 3anponoHoBanoro npucrporo 1 uTa.

Kuarouogi ciioBa: marairomerp ¢epo3oHI0BHI, JaBa4 MArHiTHOr0 MoJisi, cTpyMu Dyko.

Yu. Ya. Bobalo, M. Kisdychnyk, M. Melen, F. Pavliov
Lviv Polytechnic National University

MODERNIZATION OF FLUX-GATE MAGNETOMETER
O Bobalo Yu., Kisdlychnyk M., Melen M., Paviov F., 2017

Various types of magnetic field sensors, their advantages and disadvantages are
consider ed.

Classic flux-gate magnetometer, the block diagram of which is driven, contains dual-
core sensor with counter switching of primary magnetization coil and general output
secondary coil for both cores. The disadvantage of this sensor — the complexity of
manufacturing and the need for precise balancing of magnetization coil.

The single-core sensor is suggested. It differs from the counterpart by that the
magnetizing coil are powered by amplitude modulated alter nating current.

Theoretical analysis of the work of upgraded sensor. High-frequency components of the
magnetic flux are destroyed dueto Foucault currents, therefore on the secondary coil, which is
part of the oscillating circuit, a signal with double modulating frequency isreleased. The block
diagram of single-cor e magnetometer sensor and two gener atorsisdriven.

The construction of sensor is described and winding data, necessary for its
implementation, is provided. The experimental voltage waveforms of the sensor output in
measuring the Earth's magnetic field in the dir ection of north-south and east-west are driven.

The features of upgraded magnetometer are comparable with the characteristics of its
analog.

The advantages of the new device is more simple sensor that does not require precise
balancing and the use of high-frequency ferromagnetic materials.

Key words: flux-gate magnetometer, magnetic field sensor, Foucault.

Beryn

ChOroiHi € J0BOJMI 0araTo JaTYMKIB MarHiTHOTO TOJIsI, OCHOBAHHMX Ha Pi3HMX (I3MYHUX MPHHIIMIIAX.
Hanpukian, Bimomi mnpuctpoi 3 MexaHiuHoro (akyctuunoro) [1] abGo MarHiTHOW [2] MomyrnsIi€to
BUMIPIOBAHOIO MarHiTHOro moist ((pepo3oHam), MaTuuku Xojuia, MarHiTOAIOMHI W MarHiTOpe3MCTHBHI



natyvke [3], KBaHTOBI JATYMKKH HA OCHOBI e(exta 3eeMaHa, JATUMKHA HAa OCHOBI SAEPHOrO MAarHiTHOI'O
pe3onancy [4], HaANpOBiIHI KBAHTOBI BHMipioBadi MarHiTHOro motoky (ckBimu) [5] Tomro. Bei BoHM
MaloTh crenudiuHi nepeBard i HEMONIKM, NpPUTAMaHHI KOXHOMY KOHKpeTHOMY Tumny. Hampukmarn,
IPaHUYHO MPOCTI, JEIICB] i MIHIATIOPHI qaTunku XoJijila a00 MarHiTOMIO0AHI Ta MarHITOPE3UCTUBHI, OIHAK
B 00J1acTi CIaOKUX MOMIB Y HUX HEMOCTATHS YyTJIMBICTb 1 CTAOUIBbHICTh XapakTepucTuk [6, 7]. V ckBiniB [5,
8] pexopaHa YyTIMBICTE, aje BOHU MOTPEOYIOTh OXOJOMKEHHS 10 KPIOTEHHHUX TeMIeparyp. JJaTuuku Ha
OCHOBI SIIEPHOrO MAarHITHOrO pe30HaHCy [2] BHCOKOUYT/IMBI, CTabOUTbHI ¥ TOUHI, ajle Hempale3aaTHi B
HEOJHOPIIHUX MarHITHUX IOJIAX, KPIM TOrO, JJI1 HUX HeoOXimHa cKiaaHa elnekTpoHika. [TopiBHAHO mpocTi
(epo30HIOB] JATYMKHM, B SKAX MOIYJAIIA BUMIPIOBAHOTO TMOJS 3IIACHIOEThCS HaKIaJaHHSAM Ha
(hepoMarHeTvk [ 7] 3HAUHOrO 3a BETMYMNHOIO MOIYJIIOIOYOr0 MArHITHOTO IO TiaMartideHss [2].

Ha Bxig cmyrosoro migcmmoBada Iy (puc. 5), Bukonanoro na RC-eqeMeHTax, TaKOkK MOAAIOTHCS
aMILTITYIHO-MOJYJTbOBaHI CKJIaJ0BI 3 TIEPIIO0, APYTOI0 1 TPETHOIO TapMOHIKAMH 4acTOTH reHeparopa [y
(4). Heobxinny Hampyry mjiast poboTd CHHXpOHHOTO aeTekropa CJI, sSIKHi BiIOKpEMIIIOE KOPUCHUI CHTHAI,
3abesneuye moasoroBay gactot Un/Uay,.

[HaMKariss aMIUITYId KOPHUCHOTO CHTHAIY 3AIHCHIOETHCS OCIHIOrpaoM abo CTPLIKOBHUM IPHUCT-
poem [9], a 3MiHA YacTOTH, 3yMOBJIEHA 3aJIEXKHICTIO MArHiTHOI MPOHUKHOCTI BiI HANPYXEHOCTI MO, —
gacToToMipoM-tipuctaBkoro qo 1K [10, 11].

CTpyKTypHa cxeMa aHAJIOra

OCHOBHMMH CXEMOTEXHIYHMMH €JIeMEHTAMU KIaCHYHOro (pepo30HI0BOro Marmiromerpa [1] €
JaT4Y¥K, TETEPOIVH, ITiACHITIOBAY TPOMIDKHOI YaCTOTH 1 CHHXPOHHHUIA fAeTektop (puc. 1).
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Puc. 1. Knacuunuit maenimomemp [ 1]: HIU — damuux maenimnozo nons;, Iy — 2enepamop cmpymy;,
IT — emyeosuii niocumosay; Uy Uy — noosorsay wacmomu; CI — cunxponunuii demexmop

3a HasSBHOCTI 30BHIIIHBOIO MarHiTHoro moisst Hy y pasi miaMardideHHs Bij reHeparopa ctpymy Iy
BHACIIIZIOK HENHIAHOI 3aJeKHOCTI MAarHiTHOT IHAYKINI BiJ HANpy:KEHOCTI Mo Ha Buxomi maruwmka H/U
3’ SIBJISIETHCSL HAINIPYTa 3 TMOJBIHHOIO YacTOTOI0 TeHeparopa, sika Micis CHHXPOHHOrO aerekTyBaHHS CJI
MOJAE€THCS HA BUXIJ MIPUCTPOIO.

Knacuunnit depo3onmoBuil MarHiroMerp OyQyIOTh Ha OCHOBI JaT4MKa MarHiTHOTO IOJIsi, BUKOHA-
HOT'0 3 JIBOX CTPWKHIB (puc. 2). [TepBuHHI 0OMOTKHU 2 )KUBJIATHCS 3MIHHUM CTPYMOM i3 4aCTOTOO W.

l, =1y COswt. @

BuxinHa Hampyra Ha BTOpuHHIiH 06MoTimi Us MiCTHTH CKIaf0BY 3 MOABIHHOI 4acTOTO 2W. Ii
aMILTITy/1a TIPOIIOPIIiifHa 10 HANpy»)eHocTi Hy 30BHINIHBOTO MarHiTHOTO OIS,

HenomikoM natumka, 300paskeHoro Ha puc. 1, € CKIaaHICTh HOro BUTOTOBJICHHS Ta HEOOXIIHICTh
TOYHOTO OallaHCYBaHHS OOMOTOK HamarHideHHs 2. Mera 11i€i poOoTH — po3poOIeHHs! CTPYKTYPHOI CXEMH
(hep030HI0BOr0 MarHiTOMETpa 3 MPOCTIIIUM JTATIUKOM.

TeopernuHuii aHaIi3 POOOTH MOAEPHI30BAHOTO JaATYHKA
CxeMy 3aIlipoIIOHOBAHOIO JaTYMKa MTOAaHO Ha PHC. 3.
Moro BiaMiHHICTb Bij aHajora B TOMY, 1110 0OMOTKM HaMarHiueHHs 2 5KUBIIATHCS 3MIHHUM CTPYMOM,
MOJYJTbOBaHHUM 32 aMILTITY 100
| = I,cosWtcoswt. 2



[pumyckatouw, 110 KpUBa HAMArHiueHHsT 0CEpsl ATPOKCHUMYETHCS TTIOJIIHOMOM TPETHOTO CTETIEHS !
B=aH + bH?, (3)
BHUKOHAEMO MONAJIBIINI aHaIi3.
3aBAsSKU 3yCTPIYHOMY BBIMKHEHHIO 0OMOTOK 2 1 HeMmapHilil 3aJIe)KHOCTI HAMarHiYeHHs, HU3bKOo4Jac-
TOTHI CKJIa/IOBI MArHITHOTO IOTOKY, SIKi BIICYTHI y CTPyMi )KHBIICHHS, BAHUKHYTh TUIBKH Y BUITAJIKY, SIKIIIO
B TOMY CaMOMY HampsIMKYy, IO 1 3MiHHi 10JIs1, Oy/ie IPUKIaJIeHO I0JaTKOBE 30BHIIIIHE MarHiTHE ToJie 3 Ha-
npyxenictio Hy:

B=aH, +b(HX +H cothcosa)t)3 =aH, +b(H313HfHM cosQt coswt +

+3H H 2 cos® Qt cos® wt + H 2 cos® Ot cos® a)t): aH, +b[H®+3H2H cosQtcoswt+

1
+ % H, H 2 (1+cos20t)(1+ cos 2wt) 16 H 3 (cos3Qt +3cos Ot )(cos 3wt + 3cos a)t)]. (4)
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Puc. 2. Cxema 080cmpusicue8ozo Puc. 3. Cxema 00HOCMPUICHEB020
damuuxa: 1— nepmanoesi ocepos; damuuka. 1 —nepmanoese ocepos;
2 —nepgunni obmomxu; 3 — 6mo- 2 —nepsunni oomomxu; 3 —6mo-
punHa obmomxa puHnHa obmomxa

V Bupasi (4) 3HaK IUTIOC BiAMOBigae KOTYIII 2, PO3TANIOBaHil Bropi, a 3HaK MiHYC — PO3MillleHii
BHM3Y. CKJIaJIOB] 3 MOJABIHHUM 3HAKOM B3a€EMHO KOMIICHCYIOTBCS K IIPOTH(a3Hi, a MOAYIbOBaHI BUCOKO-
YaCTOTHI CKJIJIOBI MarHiTHOrO MOTOKY B KOTYIIKaX 2 3HHIIYIOTHCS 3aBIsku cTpymam Dyko [2], Tomy
MOCepe/INHI Oceplii BOHW HE BIUIMBAIOTh HAa HEMiHIKMHI edexTn HamarHideHHs. Otxe, oOMoTka 3 pearye
JIUIIIEC Ha CyMY HU3bKOYAaCTOTHUX MArHITHHX OB, SKi BAHMKAIOTH i TBOMa OOMOTKaMH HaMarHiueHHS:

3

U3~§bHXH§§EOSZQt+%COSZQ'[9. 5

9

KonuBaneHuit KOHTYp, yTBOpeHui 00MOTKOI0 3 1 KoHeHcaTopoM C, BHIIISE CKIAIOBY i3 4aCTOTOIO
2W. 3HaueHHs 11i€l CKIa0BOl MPOIOPIIifiHE 10 HAIIPY)KEHOCTI 30BHIIIHBOI'O0 MarHiTHOro mojst Hy.



ExcnepumeHTaNbHI J0CTITKEHHS
[Mpaktnuno ocepnst 1 OXHOCTPMIKHEBOrO JaT4yvKa SBISE COOOI0 CMYXKKY 3 MOJiIOIEHOBOT'O
nepMajor, aomxuHa skoi 240 mm, mupura 20 mm i toBmmHa 0,35 mm. J[Bi mepBHHHI OOMOTKH
HaMarHideHHss 2 wictath 1o 20 BUTKIB, po3TaimoBaHux Ha Biactani 120 MM oguH Big Apyroro.
IMpuiimansHa odMotka 3 mae 6000 ButkiB. Bubpani wacroru: momxysroroua W = 2px380 (pan/C); necyua
w = 2p240° (pax/c).
Ha puc. 4 nogaHo pe3yabTaTH BUMIPIOBAHHS MArHiTHOTO MO 3eMJIi, OJIepKaHi 13 BUKOPUCTAHHSAM

3aIPOIIOHOBAHOTO JaT4uKa it ocrmiorpada.

a 7]

Puc. 4. Buxiona nanpyea oamuuka. a — nanpsm nigoenv—nieniu (H » 30 alm); 6 —nanpsm cxio—saxio

Bepxus ociuuiorpama BiTOBiae cTpyMy HaMarHiueHHsI; cepeqHs — MarHiTHOMY TOTOKY Iij 00-
MOTKaMH 2; HIKHS — BUX1JIHOMY CUTHAJYy.

Enepris MaraitTHoro moiyisi B HANpsIMKY CXiI—3axiJi y JACKiIbKa pa3iB MeEHINa, HDK Yy HampsIMKy
MiBJICHb—ITIBHIY, TOMY Ha puc. 4, 6 KopucHuii curaan Uy MacKyeTbCsl rapMOHIKAMU BHCOKOYaCTOTHOIO

reHepatopa ['y,.

CTpyKTypHa cxeMa MOJEpPHi30BAHOr0 MarHiroMeTpa

[ToBHY CTPYKTYpHY CXEMYy MOJEPHI30BaHOrO (PepO30HIOBOr0 MarHiToMerpa 3 OJHOCTPHIKHEBUM

JaBadeM HaBeIEeHO Ha pHuc. 5.

H U] KU U= f(Hy)
x U > 20 |33 »
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Puc 5. Mooepnizosanuti mazcnimomemp:. HIU — oamuux maenimnozo nons; Iy — 2enepamop sucokouacmomuuil,
Ty — 2enepamop Hu3bKOUACmomHuil;  — RePeMHONCY8au-mooyaamop; Iw— cmyeosuil nidcumosad;

Uw/! Uow— noosorosau wacmomu;, CI — cunxponnuii demexmop
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