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2. Development of an electromagnetic method and a device for sorting metal plates

Pedepar:

1. Y nuceprauiiiHiil pob0Ti AOCIiIKEHI TEOPETUYHI IUTAHHS PO3NOiTY 3MiHHOTO €JIEKTPOMArHiTHOTO I0JISL Y
¢depomarHiTHiil nactuni. OTpMMaHi BUpasu, 10 ONUCYIOTh OBEIiHKY aMILITy 11 i a3y MarHiTHOrO MOTOKY B
IIJIOCKil MeTaseBill IJIaCTUHI, SIKi IOKJIaJieHi B OCHOBY pO3pOOKH i peasisaliii es1eKTpoMarHiTHuX MeTOoiB i
MIPUCTPOIB 1711 6€3KOHTAKTHOT'O KOHTPOJIIO MATHITHUX i €JIeKTPUYHUX [TapaMeTpiB MJIOCKUX MeTajleBUX BUPOOIB,
TOOTO IIpU pillleHHi 3BOPOTHO] 337a4i, 3alIPOIIOHOBAHO BUKOPUCTAHHS I epEHLIHHOrO TpaHC(POPMATOPHOTO
€JIEKTPOMarHiTHOro epeTBopIoBaya Jjisl po30paKyBaHs MaTepialy IJIOCKUX METaJeBUX BUPOOIB, TOKa3aHO, 110
KOXXHOMY 3HaY€HHIO 33J]laHOi MaKCUMaJIbHOI IOXUOKH BiiTIOBifjae IeBHA poboya AijIsiHKa 3aJ1e’KHOCTEN
yHiBepcanbHUX (QYHKIi IEPETBOPEHHS B OKOJMULAX BUOpaHoi Touky. CPopMyIbOBaHa 3arajibHa 3a1ada
(YHKIiOHATIBHOTO BUKOPHCTAHHS PE30HAHCHOI CXeMU BKJIIOYEHHSI [TapaMEeTPUYHUX €JIeKTPOMAarHiTHUX

[IepeTBOPIOBAYiB HAKJIa[IHOTO TUILY [1JIs1 PO30PaKOBYBaHHS METaJIeBUX IIAaCTUH. PO3p06sieHO MyJIbTUPE30HAHCHI



METO[IY eJIEKTPOMAarHiTHOrO KOHTPOJIIO i IPUCTPIiH, 0 0ro peasisye, IKnii J03BOJIsI€ 3611bIINTY Yy TIUBICTD
[IepeTBOpIOBayYa JI0 3MiHM €JIeKTPOMAarHiTHUX [apaMeTpiB JOCiIKyBaHUX (PepOMAarHiTHUX IIJIACTHH B [IBa pasu i B
IIepHIOMY HaOJIMKEHHI, BUKJIIOUUTH BIIJIMB 3MiHU TEMIIEPATYPU i 3a30py MK IepBUHHUM II€PETBOPIOBAYEM i
[IOBEPXHEIO NOCJIiIKYBAaHOTO IIJIOCKOTO BUp0Oy. [TpoBeieHi eKCIIepUMEHTH, Miciisl 06pOOKU pe3yJbTaTiB I0Ka3aly,
1110 Ha ricTorpami BUXiZiHOI HAIIPYTy JAaTYMKa YiTKO BUJHO BiZMIHHICTh MK XapaKTEPUCTUKAMU IIPOKATY OfHiel
MapKu cTaJjii IBoMa 3aBOJlaMy BUPOOHMKAMU. 3allpOIIOHOBaHUI B pOOOTi aBTOMAaTH30BaHUI IIPUCTPIiA, 1110 peastizye
MyJIbTUPE30HAHCHUM METO]] PO30paKyBaHHS METaJIeBUX IJIACTYH 3 OJIN3bKAMU €JIEKTPOMArHiTHUMU
XapaKTepUCTUKAMU, JO3BOJISIE€ iCTOTHO 3MEHIINTH, SIK BIIJIUB 3230Py MK IEPETBOPIOBAYEM i JOCIII>KyBaHUM
BUPOOOM, TaK i BIJIUB TEMIIEPATyPU JOBKIJJIS HA TOUHICTh KOHTPOJIIO. [I71s1 IepeBipKy LOCTOBIPHOCTI OTPUMYBaHUX
pe3yJbTaTiB B po0OTi 6yJM IpoBeieH] 6araTokpaTHi BUMipy KOEPLUTUBHOI CUJIU B OKPEMO BUOPAHNUX KOHTPOJIBHUX

TOYKaX 1JIs1 TUX K€ 3p83KiB METaJIEBUX ITJIACTUH.

2. In the dissertation work is devoted to the theoretical aspects of distribution of an alternating electromagnetic
field in a ferromagnetic plate. The expressions describing the behavior of the amplitude and phase of the magnetic
flux in a flat metal plate, which are the basis for the development and implementation of electromagnetic methods
and devices for non-contact monitoring of magnetic and electrical parameters of flat metal products were
obtained. Namely, when solving the inverse problem, the use of a differential transformer electromagnetic
transducer for sorting the material of flat metal products is proposed. It is shown that each value of a given
maximum error corresponds to a certain working area of universal transformation functions in the vicinity of the
selected point. The general problem of applying the resonant scheme for parametric electromagnetic surface
mount transducers for sorting metal plates is formulated. Multi-resonant methods of electromagnetic testing and
the device implementing it are developed, which allows to increase the sensitivity of the transducer to changes in
the electromagnetic parameters of the tested ferromagnetic plates twice and in the first approximation, to exclude
the effect of temperature and gap between the primary transducer and the surface of the tested flat product. The
experiments, after processing the results showed that the histogram of the output voltage of the sensor clearly
shows the difference between the characteristics of the rolls of one grade of steel from two manufacturers. The
proposed automated device that implements a multi-resonant method of sorting metal plates with similar
electromagnetic parameters, significantly reduce the effect of the gap between the transducer and the test
product, also reduces the effect of ambient temperature on the accuracy of monitoring. To verify the reliability of
the results obtained repeated measurements of the coercive force at separately selected control points for the
same samples of metal plates were carried out.
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