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M3MEHEHMUE KIIJA AYT U YAEJIBHOI'O PACXOJA DJIEKTPOOHEPI'MU B ITPOLIECCE
[IJTABKU B IVTOBBIX CTAJIEIUIABWIbHBIX ITIEYAX OBBIYHOW KOHCTPYKIIUU U
CONSTEEL

A.H. Makapos, I0.M. Ilanogsa, B.B. OxyHeBa

N3noxensl pezynbrarbl pacuera KIIJ ayr cranmeruiaBuibHBIX IME€YEd HA PA3JIUYHBIX CTaJIUSIX
pacIuiaBJICHUA HIUXTLI ITPH U3MCHCHUU BbICOTHI CJIOA HIJIaKa. ITocne IIPOPE3KH KOJIOoAUA B HIUXTE
KIIJI nyr makcumanes. B npouecce paciuiasienus Boicota mmxTthl U KIIJ[ nyru ymensiarorcs.
BospacTanue BBICOTHI €JIOS IIJIaKa B OTKPBITHIA Nepuoi npuBoauT K yBenuuenuto KITJ[ myr.
Pacuernrie JaHHBIC MOATBCPKACHBI JKCICPUMCHTAJIBHBIMUA HCCICAOBAHUAMU Ha AYTOBBIX
cranemaBmibHbIX medax (JJCIT). OcymiecTBiieH cpaBHUTENbHBIN aHanmu3 pabotsl meueir Consteel
U OOBIYHON KOHCTPYKIIMHU, a Tak)Ke aHajJN3 JSHEPreTUYEeCKHX IoKaszareneil medeid. OTMedeHBI
npeumMmyniecTBa 1 HEJOCTATKU neuert Consteel o CpaBHCHUA C IICHaMH OOBIYHOH KOHCTPYKIHUHU.
KnroueBble cnoBa: 3yieKTpuueckas Jyra, Imedyb, cTanb, wu3nydenue, KIIJ, ayrosas
CTaJICIIJIaBHUJIbHAA I1CYb, Consteel, TeHJ’IOO6MeH, y):[eJ'IbeIﬁ pacxo 3JICKTPOOIHECPTUH

CHANGES IN ARC EFFICIENCY AND SPECIFIC POWER CONSUMPTION WHEN
MELTING IN ARC STEELMAKING FURNACES OF CONVENTIONAL DESIGN AND
CONSTEEL

A.N. Makarov, Yu.M. Pavlova, V.V. Okuneva

The results of calculating efficiency of arcs in steel-making furnaces at various stages of charge
melting with the changes in the height of a slag layer are presented. On cutting a well in the
charge, the arc efficiency is at the maximum. In the course of the melting process, the height of
the charge and the arc efficiency decrease. Increasing the height of a slag layer in the open
period leads to increasing the arc efficiency. The estimated data are confirmed by experimental
studies on electric arc furnaces (EAF). A comparative analysis of the operation of Con-steel
furnaces and conventional furnaces has been performed, including the analysis of energy
indicators of the furnaces. The emphasis has been made on the advantages and disadvantages of
Consteel furnaces in comparison with the furnaces of conventional design.

Keywords: electric arc, furnace, steel, radiation, efficiency, steel arc furnace, Consteel, heat
exchange, specific power consumption

ABTOHOMHBIM NICTOYHUK DJIEKTPOITMTAHUSA HABEJIEHHBIM HAIIPS)KEHUEM
BO31VIITHOM JIMHUU DJIEKTPOIIEPEJIAUN

C.II. Makcumos, I1.A. Ky3Henos

B pabote mpexacraBiieHbl pe3ynbTaThl CPAaBHUTEIBLHOTO aHAIM3a TPAAUIIMOHHBIX aBTOHOMHBIX
HMCTOYHUKOB DJIEKTPOMUTAHHMS W MCTOYHMKA DIIEKTPONMTAHUS HABEIECHHBIM HaNpPSKEHUEM
BO3NYIIHOW JIMHUKM O3JyKeTporiepeaaun. (OO003Ha4YeHBl 00JIACTM TPUMEHEHUS HCTOYHUKOB
DIIEKTPOTIUTAHUS HABEJIECHHBIM HAINPSHKCHUEM, B YACTHOCTH I DJCKTPOMUTAHUS MOCTOB
KOHTPOJISI CHCTEMBI TEJIEMETPUU TOJOJEIHO-BETPOBBIX HArpy30K Ha BO3JYIIHbIE JIMHUU
anektponepenaun (CTI'H). IlpuBenens! pe3ynpTaThl pacyeTa U MOJAEIMPOBAHUS HaBEIEHHOTO
HANpPSDKEHUS. C YYETOM BIIMSHHUS 3a3€MJICHHBIX KOHCTPYKLIMHA OMOp JIMHUM MO pa3paboTaHHON
aBTOpaMM MeToAuKe. MeToauKa pacueTa IMpOBEpPeHa HKCHEPUMEHTAIbHO Ha (PU3UUECKOi
Mozenu O0AHO(MA3HOM BO3AYIIHOM JUHUM djekTponepenaud. IlpowsBeneH pacuer s
Tpexda3zHOW OJHOLENMHOM BO3AYIIHOW JuHUU HampsbkeHueMm 110 kB u ompenenen pexum
paboThI peoOpa3yroIe-CTaOMIN3UPYIOMIEro 0JI0Ka UCTOYHUKA DIICKTPOITUTAHUS.

KitoueBbie ciioBa: MCTOYHHMK OJCKTPONMUTAHUS; BO3AYIIHAS JIMHUSA DIIEKTPOINEpPEIayu;
HaBEJCHHOE HaNpsKEHUE; MOJEIMPOBAHNE AIEKTPOMArHUTHOTO TTOJIS

AUTONOMOUS POWER SUPPLY BY INDUCED VOLTAGE OF AN OVERHEAD POWER
LINE

S.P. Maksimov, P.A. Kuznetsov



The paper presents the results of a com-parative analysis conducted for autonomous
conventional power sources and power supply sources with induced voltages of overhead power
transmission lines. The application do-main for power sources of induced voltages are outlined,
particularly, for power supply of control posts in the telemetry system of ice and wind loads on
overhead power lines (STGN). The presented results to estimation and model-ing of induced
voltages with account for the influence of grounded structures of line sup-ports are based on the
methodology developed by the authors. The calculation methodology has been tested
experimentally using the phys-ical model of a single-phase overhead power transmission line.
The calculation for a three-phase single-circuit 110 kV overhead line was performed, and the
operating mode of the power supply transformer stabilizing unit was determined.

Keywords: telemetry system of ice and wind loads on overhead power lines (TSIW), power
supply, induced voltage, an electro-magnetic field model

[IU®POBOM TPEH]] OTPACJIEBOI'O MHXWHUPUHI'A B IEJIIX YCTOMYUBOI'O
PA3BUTHUA DHEPT'ETUKHN U SGHEPT OMAILINHOCTPOEHM A

B.E. Muxaiinos

[Toxa3zaHa CBsI3b WJCOJIOTUU YCTOMYMBOIO pa3BUTHUs OOIIECTBA U MPUOPUTETHBIX HAIpPaBIECHUI
MHHOBAIIMOHHBIX TeXHOHOFHﬁ, BKJIKO4Yas I_[I/I(i)pOBBIe, peain3anusa KOTOPBIX oOecrieunBaer
NPOJIBIDKEHHE K PEHICHUIO TII00AIBHBIX 3a/1a4, TPUOOPETAIOMINX CTATYC HAMOHAIBHBIX IIEJICH.
[IpuBenenbl naHHBIE 00 OTpacieBbIX HapaOOTKax B 00JacTH HUQPPOBBIX TEXHOJOTHH U
MAaTEMAaTUYCCKOro MOJCIUPOBAHMSA, a TAKKC OIMMPCACICHBI 3ala4 Ha NCPCIICKTUBY, B YHaCTHOCTHU
MMPOABHIKCHUC OT 0asbl JAaHHBIX K 0Oase 3HAHWI 3a CYET HUCIIOJIL30BAHUS I_II/I(l)pOBBIX I[BOf/iHHKOB.
Jlemaercss BBIBOJ O HANpaBICHHOCTH NHM(POBOTO TPEeHIA OTPACICBOTO HHXUHUPHHTA Ha
o0ecrieuenne YCTOP'IHHBOFO Pa3BUTHA SHCPI'CTUKH U SHCPIrOMAIIMHOCTPOCHHUA.

KiroueBbie cioBa: IUQPOBBIE TEXHOJIOTHH; MUPPOBOW TPEHMA; HWHTEIUICKTyalbHbIE CHCTEMBI,
MOICIIUPOBaHUE; TU(PPOBBIC TBOMHUKH, Oa3bl 3HAHUH

A DIGITAL TREND IN SECTORIAL ENGINEERING AIMED AT SUSTAINABLE
DEVELOPMENT OF THE ELECTRIC POWER AND POWER-PLANT INDUSTRIES

V.Ye. Mikhailov

The paper shows the relationship between the ideology of sustainable development of so-ciety
and prioritized areas of innovative tech-nologies, including the digital technologies. Their
implementation will ensure a progress towards the solution of global problems that acquire the
status of national goals.

The author provides the data relating sec-torial developments in the field of digital tech-nologies
and mathematical modeling, as well as defines the tasks for a future research, par-ticularly,
advancement from the database to the knowledge base through the use of digital twins. The main
conclusion refers the trends in digital engineering aimed at ensuring sustain-able development of
electric power and power-plant industries.

Keywords: digital technologies; digital trend; intelligent systems, modeling; digital twins,
knowledge bases

CUCTEMA ABTOMATHUYECKOI'O AJAIITUBHOI'O WU3MEHEHUSA TTIAPAMETPOB
CPABATBIBAHUS PEJIEMHOM 3AIUTHI B PACIIPEJEJIMTEJIBHBIX CETSX

C.A. laaunos, A.1. KoBanenko, A.A. Bonomun, E.A. Bomomus, B. C. CazanoB

B cymecTBylOmUX peanusx HWHTErpanus OOBEKTOB pacHpeleICHHOH TeHepalud B
pacrpefeuTeNbHbIE CETH MPHUBOJUT K TMOSBICHUIO KOMILIEKCa MpOoOJieM, CBS3aHHBIX C
peanu3anped peNeMHOW 3amuThl. Tak, NpU MHTErpallud pacHpeAesICcHHONW TEeHEpaluHd B
HHEProCUCTEMY Ha YPOBHE PACIpENeIUTENbHON CETH CTAHOBUTCS BO3MOYKHOH MHOTOCTOPOHHSIS
noaAnuTka Toukk K3, TOSBISIOTCS HOBBIC aBapUHHBIC PEXKUMBI M IJICKTPOMEXaHUYCCKHUE
MEPEXO0JIHBIE TIPOIECCHI, KOTOPhIE MOTYT MPUBECTH K U3IHUIITHEMY WJIH JOXKHOMY CpabaThIBAaHHIO
peneitHoi 3amuThl (P3). Takum oOpa3om, BO3HHMKAET 3a/a4da pa3pabOTKH CHUCTEMBI, CIIOCOOHOMN
ABTOMATUYECKU aJaNTUPOBATh MapaMeTpbl cpabaThIBaHUS PEJCHHON 3allUThl IPU W3MEHEHUU



PeKUMOB CETH, a TaKKe IpU BBOJE HOBBIX OOBEKTOB paclpeleleHHOW TeHepaluu B
pacrpenenuTeNbHylo ceTh. JlaHHasg cucTeMa MO3BOJUT YMEHBIIUTh TPYAO03aTpPaThl HA aHAIU3 U
pacyeTr mapamMeTpoB cpadaTbhIBaHUsSI PEICHHON 3alUThl, a TaKKEe YMEHBIIUTh KOJIHYECTBO
omMOOK, CBS3aHHBIX C 4YelOBeYeCKMM ¢akTopoM. B mgaHHOW paboTe mpenararoTcs
MaTeMaTUYeCKHE U JIOTUUECKUE METO/Ibl, peau30BaHHbIC KaK mporpammbl Ha OBM, 11s pacuera
napamMeTpoB cpaOaThIBaHMs YCTPOWCTB pEJICHHON 3aluThl. PesynbTaTamMu pabOTHl CHCTEMBI
SABJIAOTCA aJITOPUTMbI U IMIPOrpaMMHBIC MOAYJIM, IHO3BOJIAKOIINC MPOU3BECTU aBTOMAaTHYECKUU
pacyeTr mapameTpoB cpabaThIBaHHMs YCTPOWCTB PEIICWHOW 3alUThl, PEaTU3YIOMUX (QYHKIUN
TPEXCTYNICHYATHIX 3alluT (TOKOBaSI oTceyka 0e3 BBIACPIKKH BpPCMCHHU, TOKOBad OTCCHKaA C
BBI,I[ep)KKofI BpEMCHHM W MaKCHUMaJlbHasd TOKOBaA SaHII/ITa), paCHpeHeHHTeHBHOﬁ CETHN
paauaJIbHOIO THUIIA. HOI[ napameTpamMu Cpa6aTbIBaHI/ISI IMOHUMAKTCA YCTAaBKU Cpa6aTbIBaHI/ISI 10
TOKY U 110 BpCMCHHU.

KiroueBsie cnoBa: peneiiHas 3amura; CIM; aBTOMaTudeckuil pacyeT yCTaBOK; MUKPOCEPBUCHI;
0a3a IaHHBIX

A SYSTEM OF AUTOMATIC ADAPTIVE CHANGING OF RELAY PROTECTION
OPERATION PARAMETERS IN DISTRIBUTION NETWORKS

S.A. Danilov, A.l. Kovalenko, A.A. VVoloshin, E.A. Voloshin, V.S. Sazanov

Currently, integration of distributed generation objects into distribution networks leads to a range
of problems associated with relay protection. Therefore, when integrating distributed generation
into the power system at the level of a distribution network, a multi- recharge of the short-circuit
point becomes possible, novel emergency modes and electro-mechanical transients appear,
which can lead to excessive or false triggering of relay protection. Thus, there is a problem
associated with developing a system that can automatically adapt the parameters of relay
protection operation when changing the network modes, as well as when introducing new
distributed generation objects into a distribution network. This system will allow for a reduction
in the labor costs required for the analysis and calculation of operation parameters of relay
protection, and also reduce the number of errors connected with the human factor. In this pa-per,
we propose mathematical and logical methods, implemented as computer programs, for
calculating the response parameters of re-lay protection devices. The results of the sys-tem
operation are algorithms and software modules that allow automatic calculation of response
parameters of relay protection devices that implement the functions of a three-stage protection
(instantaneous overcurrent protection, time delayed overcurrent protection, and maximum
current protection), and a radial type distribution network. The current and time operation
settings refer to the actuation data.

Keywords: relay protection, CIM, automatic setting calculation, micro-services, data base

PACUET KODO®OUIIMEHTA CBSI3M U B3AUMHOM HHAYKTUBHOCTU
MATHUTHOCBS3AHHBIX OBMOTOK

II.A. Komenes, }10.U. bimuos, K.1O. binnos

[Ipu ananuse U MOJECIMPOBAHUU DJEKTPOTEXHHUUECKUX YCTPOWCTB, COJEPIKALIUX DIEMEHTHI C
WHAYKTUBHBIMU CBS3SIMH, HCIOJB3YIOTCS KO3(G(GUUIMEHThl B3aUMHOW HHIYKTUBHOCTH M,
KOTOpbIE 3aBHUCAT OT Koddummenta cBszu Ks mexny obmorkamu. Bcerpeuwatorneecs B
autepatype nonyuieHue: Ks = 1 MoxkeT BHECTH 3aMETHYIO MOTPEIIHOCTh B pacueThl, 0COOCHHO
npu 3HaueHusAx Ks, cymectBeHHo oTiuyaromuxcst oT 1. Pemenue 31oit mpobieMbl CBOAUTCS K
Bbrunciaenuio Ks u M a1 KOHKpeTHOM KOHCTPYKIIMHU TpaHcopmaTopa U TpeOyeT NMpuBJeUeHus
MaTEeMaTHYECKUX METOJIOB U IPOTPaMM.

B pabote mpeiaraercs MeTO/IMKa, OCHOBaHHAsI HA CPAaBHCHHH MEPEXOIHBIX XapakTepucTuk I -
o0pa3Hoii u [1-006pa3Hoii (ecTeCTBEHHO) CXeM 3aMEIICHUS dJIEMEHTa C WHITYKTUBHBIMH CBSI3SIMU
nu CbI/IKcaHI/II/I TOYKU HUX COBIIAACHUA. HOJ’Iy‘—IeHHLIe pGSYJ'II)TaTBI IIO3BOJIAOT ITIOBBICHUTH
3¢ (HEeKTUBHOCTh TPOEKTUPOBAHUS DJIEKTPOMATHUTHOTO H3AEIUS U TOYHOCTh pealu3aluu
MIPOEKTA IEKTPOTEXHUIECCKOTO U AJIEKTPOTEXHOJIOTHIECKOTO 000PYTI0BaHUS.



KnroueBble  cioBa:  B3aMMHash ~ MHAYKTUBHOCTb, KO3(pULMEHT  CBs3M, TepexoaHas
XapaKTepUCTUKa

CALCULATION OF THE COUPLING AND MUTUAL INDUCTANCE COEFFICIENT FOR
MAGNETICALLY COUPLED WINDINGS

P.A. Koshelev, K.Yu. Blinov, Yu.l. Blinov

Mutual inductance coefficients M are used for the analysis and modeling of electrical de-vices
containing inductance coupling elements, which depend on the coupling coefficient Ks between
the windings.

The assumption found in the literature that Ks = 1, can lead to noticeable errors in the
calculations, especially when the Ks values are significantly different from 1.

The problem can be solved by calculating Ks and M for a specific transformer design, which
requires the use of mathematical meth-ods and programs.

This paper proposes a technique based on comparing the transient characteristics of L-shaped
and P-shaped (natural) schemes of el-ement replacement with inductive connections and fixation
of their coincidence point.

The obtained results allow upgrading the efficiency of electromagnetic product design and
accuracy in implementation of electrical and electrotechnical equipment design.

Keyword: mutual inductance, coupling co-efficient, transient characteristic

[oAaxoH4 K OIIPEAEJIEHUIKO HMHTEI'PAJIBHOI'O IIOKA3ATEJIA HAJIEXHOCTHU
TEXHUYECKNX CUCTEM HA 5TAIIE PASPABOTKI

P.C. JlutBunenko, A.D. AyxazaeeB, A.H. Xycuyrnunos, 1.C. Autunanosa, JI.H. KucueeBa

B crarpe mpemnaraercs moaxon K (OPMHUPOBAHHUIO MHTETPAIBHBIX TOKa3aTeNel HaJIeKHOCTH
AJIbTCPHATUBHLIX BAPUAHTOB pa3pa6aTHBaeM017I TEXHUYECKOM CHCTEMBI. HOI[XOI[ 68.3I/IpyeTC}I Ha
UCIOJb30BAaHUM METO/A aHaiu3a uepapxuid, paszpaboranHoro T. CaaTu u MUPOKO
MNPpUMCHACMOI'O IIpU PCHICHHU PAa3JIMYHbIX MHOI'OKPpUTCPHUAJIbHBIX 3aja4. I/IHTeraHLHLIﬁ
MoKa3aTesib HAJSKHOCTH BAPUAHTOB TEXHUYECKOW CHUCTEMBI MPEACTABISIET COOOW €IMHBIN
IIOKa3aTcCllb, CUHTC3UPYIO H.IPIﬁ OTACJIIBbHBIC CANHHNYHBIC u KOMIIJICKCHBIC IIO0Ka3aTeiin
HAaACXKHOCTH, 3aJaHHbIC B TCXHHYCCKOM 3aJaHUU. Hcmonp3oBanue IJI1 OMMPEACIICHUS YPOBHSA
HAACKHOCTU HHTCIPAJIBHOTO ITOKA3aTCJIsd MO3BOJIACT IMOJYYHUTH (bOpMEU'IPIISOB&HHLIfI pe3yibTar,
BbIpaXkaeMblil Yepe3 COOTBETCTBYIOIIEE 3HAUEHNE BEKTOPA IN100aIbHBIX IPUOPUTETOB U AAIOIINN
BO3MOKHOCTb KOJIMUECTBEHHOM OLCHKNU IIPEBOCXOACTBA B IIJIAHC HAACKHOCTU OJHOI'O
AJIBTCPHATHUBHOI'O BapUaHTa T €XHUYECKOU CUCTEMBI Haa ApyTUM.

KiroueBrle ciosa: HAaACKHOCTb, CUCTCMA, I10KA3aTCjib, aHaJIn3, MCTOH, HUCPAPXHUH, YPOBCHb,
JCKOMITIO3UIIUA, OTall

APPROACH TO DEFINING AN [INTEGRATED RELIABILITY INDEX FOR
ENGINEERING SYSTEMS AT THE DESIGN STAGE

R.S. Litvinenko, A.E. Auhadeev, A.N. Khusnutdinov, I.S. Antipanova, L.N. Kisneeva

The paper suggests an approach to formation of integrated reliability measures for the
alternatives of the developed engineering system. This approach is based on the use of the
Analytic Hierarchy Process (AHP) developed by Thomas L. Saaty and widely used in addressing
various multicriteria problems. The integrated reliability measure for the options of the
engineering system is a consolidated characterization that synthesizes individual single and
complex reliability measures defined in the specification. The use of the integrated measure to
determine the level of re-liability makes it possible to obtain a formalized result that is expressed
through the corresponding value of the vector of global priori-ties and facilitates quantification
of superiority in terms of reliability of one alternative of the engineering system over another.
Keywords: dependability, system, measure, analysis, method, hierarchy, level, decomposition,
stage



NCCIIELIOBAHUE BJINAHUA MEXAHUYECKUX HAT'PY30K HA
DJIEKTPOMATHUTHBIE TIOKA3ATEJIM MATHUTOIIPOBOJIA U3 AMOP®HOIL
CTAJIN

B.E. BaBuios, A.X. Munusipos, A.M. Becenos, JI.1O. [Tepmun, E.A. [Iponun

OcHoBHO eJIbIO HaHHOfI CTaTbU ABJACTCA UCCICAOBAHUEC BIIMAHUA PA3JIMYHBIX MCXAHUYCCKHUX
Harpy3oK Ha 3JICKTPOMArHUTHBIC ITOKA3aTC/IM MAarHUTOIIPOBOJA U3 aMopQ)Hoﬁ craad. B cratee
paccMOTpPEeHbl TEpPCIEeKTHBBl NpPUMEHEHHsT aMOppHOW CTald B DHEPreTHKE, OCHOBHBIM
JOCTOMHCTBOM KOTOpOﬁ ABIIIIOTCA HU3KHE YACIBHBIC IIOTCpU IIPHU BBEICOKOH YacTOTe
nepeHamMarHuuuBaHus. M3-3a Ooyiee CIIOKHOW CTPYKTYphl aMopdHas CTalb MOXET HMETh
BBICOKYIO YYBCTBUTECIIBHOCTH K MEXaHUYECKUM HarpyskKam. [[J'IH IIOJIYy4YCHUA
SKCHICPUMCHTAJIbHBIX JaHHBIX 6LIJII/I U3TOTOBJIEHEI 4 OJUHAKOBBIX o6pa3ua B BHUJAC KOJICL U3
aMopdHOI cTaym, 3 M3 KOTOPBIX HCHBITAIA BO3JACHCTBHE BHOpAIlMd WU CXKATHE C Pa3HBIMU
cunamu. CHATHE AJIEKTPOMAarHUTHBIX TOKa3aTeneld o0pasloB MPOU3BOANIIOCH C IOMOIIBIO JIBYX
HaMOTaHHBIX KaTYIICK, IMOAKIOYCHHBIX K CIICHHUAJIBHOMY HpI/I60py. ITo IIOJIYYCHHBIM OaHHBIM
MOCTPOCHBI aMPOKCUMUPYIOMIHE TpadUKH C UCTIONB30BAaHUEM METO/1a HAMMEHBIIINX KBaJPaTOB.
ITo IMNOJIYYCHHBIM pE3yJIbTaTaM IPOU3BCACHO CPABHCHUC W TPOAHATIU3UPOBAHO BJIMAHUC
MEXaHHUYECKOI'O BO3I[CﬁCTBI/I$L CI[CJIaH BbBIBOJ O TOM, YTO HCKOTOPLIC JJICKTPOMAIrHUTHLIC
I1oKa3aTcin aM0p(1)HOﬁ CTaJIi, TAKHC€ KaK Mar"HuTHas IIPOHUIACMOCTb, HUMCIOT BBICOKYIO
YYBCTBUTCIIbBHOCTb K MEXaHUYCCKOMY BO3I[€I>1CTBHIO.

KiroueBrle cioBa: MAarauTonpoBoOd; MHAYKIHWS, HACBIIICHUC, aMOp(i)Ha}I CTaJlb; HAIIPAKCHHOCTD
MarHuTHOTO TOJIST; BUOpALIUsI; CKATHE; MEXaHUUECKOE BO3JICUCTBUE

RESEARCH INTO THE INFLUENCE OF MECHANICAL LOADS ON
ELECTROMAGNETIC INDICATORS OF THE MAGNETIC CIRCUIT MADE OF
AMORPHOUS STEEL

V.E. Vavilov, A.Kh. Miniyarov, A.M. Veselov, D.Yu. Permin, E.A. Pronin

The main objective of the research is to study the effect of various mechanical loads on
electromagnetic indicators of the magnetic circuit fabricated from the amorphous steel. The
authors discusse the prospects for the use of amorphous steel in power engineering, the main
advantage of which is low specific losses at a high re-magnetization frequency. Due to its more
complex structure, amorphous steel can be highly sensitive to mechanical stress. To obtain
experimental data, four identical samples were made in the form of rings from amorphous steel,
three of which were subjected to vibration or compression by various forces. Taking the readings
of electromagnetic indicators of the samples was carried out using two wound coils connected to
a special device. Based on the data obtained, approximating graphs were constructed using the
least square technique. Based on the obtained results, a comparison was made and the effect of
mechanical stress was analyzed. It is concluded that some electromagnetic characteristics of
amorphous steel, such as magnetic permeability, are highly sensitive to mechanical

stress.

Keywords: magnetic circuit; induction; saturation; amorphous steel; magnetic field strength;
vibration; compression; mechanical impact

NCCIIEAOBAHUE BJIMAHUA T'EOMETPUYECKUX ITAPAMETPOB U TOKA
MHAYKTOPA HA TIIPOIIECC LIEMEHTAIIMM TUTAHA B KOHTEMHEPE C
YIJIEPOJOCOAEPXKAIIEN CPEION

A.B. Boiiko, A.A. ®omun

B nmaHHOM wccienoBaHMM TIPUBEAEHBI PE3YJIbTAaThl MOJEIMPOBAHMS Ipolecca XHUMHMKO-
tepmuueckoil 00padoTku (XTO) TuTaHOBBIX 00pa30B-IMCKOB, PacloilaraéMbix B KOHTEHHEpE €
yraepoacoaepxameid  cpenoil. OCHOBHBIMM IMapaMETpaMH PacCMaTpUBAaEMOro Ipoliecca
BbIOpaHbl TOK UHAYKTOPA U T€OMETPHS CUCTEMBI «UHIYKTOP — KOHTEHHEpP — 00pasel», a UMEHHO
KOJIMYECTBO BWMTKOB, BBICOTa M BHYTPEHHHH JUaMETp HWHAYKTOpa @PU HEU3MEHHBIX
reoMeTpuueckux mnapamerpax KoHteiHepa s XTO. Pabowas TtemmepaTypa BHeELIHEH
HIOBEPXHOCTU KOHTEHHEpa U3MeHsIach B auanasone ot 1100 go 1350°C, koTtopast qocTuraiach



npu Toke uHAykTopa ot 3,4 1o 5,0 kA u yactore konebanuii 88+2 kI'u. [lomyyeHHbIE KaPTUHBI
pactpeneneHrss  TEMIIEPATypHBIX  TIOJIEW  TO3BOJWJIM  TOJYYUTh  MpeACTaBiIeHHE 00
3 PEKTUBHOCTH HArpeBa MHIYKTOPOB Pa3IMYHON KOHCTPYKIHH.

KiroueBbie ci1oBa: XUMHKO-TepMHUUYECKas o0paboTka, eMeHTanus B rpaduTe, MHAYKITMOHHBINA
HarpeBs, YMCJICHHOC MOACIIMPOBAHUC, TCMIICPATYPHOC I10JIC, KHHCTHUKA HArpeBa
INVESTIGATION OF THE INFLUENCE OF GEOMETRIC PARAMETERS AND
INDUCTOR CURRENT ON TITANIUM CARBURIZATION IN A CONTAINER WITH A
CARBON-CONTAINING MEDIUM

A.V. Voyko, A.A. Fomin

The research presents the simulation results of chemical thermal treatment (CTT) of disk-shaped
titanium samples located in a container with a carbon-containing medium. The main parameters
of the considered process are the inductor current and geometry of the «inductor — container —
sample» system, namely, the number of turns, the height and internal diameter of the inductor
with unchanged geo-metric parameters of the container for the CTT. The operating temperature
of the external surface of the container ranged from 1100 to 1350°C, which was achieved at an
inductor current from 3.4 to 5.0 kA, and the oscillation frequency of 88+2 kHz. The obtained
patterns of the temperature field distribution allowed for gain an insight into the heating
efficiency of inductors of various designs.

Keywords: chemical thermal treatment, carburization in graphite, induction heating, numerical
simulation, temperature field, heating Kinetics



