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I PeKTUBHOCTH IKCIUIYaTAIUM JYTOBBIX CTAJICNJIABUJIBHBIX NeYeil B JINTeHbIX
NMPOU3BOJCTBAX

AJINPEPOB A.U., TOPEBA JLIIL., BUKEEB P.A.

B nuTelHbIX IeXax MHOTUX MallMHOCTPOUTEIbHBIX MPEANPUATHN SKCIUTYaTUPYIOTCS
nyrosbie craneruiaBmibhblie eun ([ICIT) manoit emxoctu. Pexum ux paboThl 1 0COOEHHOCTH
TEXHOJIOTUH TUIABKH TUKTYIOT TOJXObI K PEIICHUIO BOMTPOCOB 3(PPEKTUBHOCTH UX
JKCIUTyaTaly, OTJIMYHBIE OT TEXHUYECKUX U TEXHOJIOIMYECKUX MPUEMOB IPU HKCILTyaTaLlu|
JYTOBBIX CTaJeIIaBUIbHBIX Teuel O0IbIION eMKOCTH Ha METAJUTyprH4ecKUX KOMOUHATAaXx.
Opnako 6a30BBIM JUIS T€X U JPYTUX SBISIETCS BBIOOP ONTUMATBHOTO AJIEKTPUIECKOTO
pexuMa U COraacoBaHUE IEKTPUUECKUX MAPaMETPOB NE€YH U UCTOYHUKA MMUTAHUS — IEYHOTO
TpaHcpopmaTopa — Ha OCHOBE 3JIEKTPUUECKUX U pab0UYMX XapaKTEPUCTUK MY H.
CymectBennbiM otinuueM JICIT Mamoit eMKOCTH SBIISI€TCS IIOCMEHHBIN PEXXUM paboThl. ITO
MPUBOJUT K CYILIECTBEHHOW U MEPEMEHHOM OT IJIaBKH K IUIABKE JI0JIE PACXOI0B IHEPTUU Ha
aKKyMYJIMPOBaHHE TEIUIa (PYTEPOBKOM, UTO HE TO3BOJISET JOOMBATHCS B JINTEHHOM
MPOU3BOCTBE YAEIBHOIO pacxoja eKTposHepruu, coorsercTryromiero 'OCT.
Paccmotpenst nmpo6iiems! oBeimeHust 3HeproddexrusHoct padotsl JACIT Mamoit eMmKkocTH
B JIUTEHUHBIX MTPOU3BOJICTBAX.

Knioueesvie cnoga: nyropas crajieniaBuibHas [1€4b, JIUTEHHOE TPOU3BOJICTBO,

sHepreTrueckas 3pHEeKTUBHOCTS.

In the foundries of many machine-building enterprises, low-capacity double steelmaking
furnaces (chipboard) are operated. The mode of their operation and the specifics of melting
technology dictate approaches to solving issues of their operational efficiency, which differ
from the technical and technological methods used in the operation of high-capacity arc steel
melting furnaces at metallurgical plants. However, the basic principle for both is to choose the
optimal electrical mode and coordinate the electrical parameters of the furnace and the power

source, the furnace transformer, based on the electrical and operating characteristics of the



furnace. A significant difference between low-capacity chipboard is the shift mode of
operation. This leads to a significant and variable proportion of energy consumption from
melting to melting for heat storage by lining, which makes it impossible to achieve specific
energy consumption in the foundry in accordance with GOST. The problems of increasing the
energy efficiency of small-capacity chipboard in foundries are considered.

Key words: arc steelmaking furnace, foundry, energy efficiency.
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JKCIIyaTAllMOHHASI ACHMMeTPHsl BTOPUYHOI0 TOKOIOABO/AA AYT0BOil
CTAJICIIABU/ILHOM IeYH CBEPXBbICOKOH MOILIHOCTH

AJINPEPOB A.U., TOPEBA JLIIL., BUKEEB P.A.

[Tpu mpoexTupoBanuu ayropoi craneriaBmwibHoOM neun (JICIT) BaxxHO oGecrieunTs
CUMMETPHIO HHIYKTUBHOI'O CONPOTUBIIEHUS €€ BTOPUYHOT'O TOKONoABoAA. i 3Toro
HCIOJIB3YIOT TAKOM KOHCTPYKTUBHBIN IIPUEM, KaK TPHAHTyJIMPOBAHUE: HA KAXKI0M
(YHKIIMOHATIFHOM Y4acTKE BTOPUYHOTO TOKOIO/IBO/Ia CTAPAIOTCS PACTIOIOKUTE ocH (a3 B
MEPIEHIUKYISIPHOM CEYEHUH [0 CTOPOHAM PaBHOCTOPOHHETO TpeyroiabHuKa. OHAKO NpU
SKCILTyaTaly EeUN 3a4acTyIO 3aJI0’)KEHHAs IIPU IPOEKTHUPOBAHUM CUMMETPHSI HapylIaeTcs.
OCHOBHOI IPUYUHOM SIBJISIETCSI HECBOEBPEMEHHBIN MEPEIYCK MIEKTPOAOB IIPHU UX
HEOJIMHAKOBOM pacxoje 1o ¢a3zaM WM BeieAcTBHE 00J0Ma aiiekTpona. B craTthe
HCCIEAYIOTCS TPAHULBI IKCITYaTallMIOHHONM aCUMMETPUU MHIAYKTUBHOI'O CONIPOTUBIICHHUS IIPU
Pa3HbIX KOHCTPYKLUAX BTOPUYHOTO TOKOIIO/IBOAA U Pa3HbIX BapUaHTaX OTKIOHEHUS JAJINH
AJIEKTPOAOB OT CUMMETPHUH, BOZMOXKHBIX ITpH 3kcmutyarauuu JICIT.

Knioueevie cnoga: nyrosas craneriaBuibHas 11€4b, BTOPUYHBIN TOKOIOJABOMA, UHIYKTHUBHOE

COITPOTHUBJICHHUE, DOKCILTyaTallHOHHAsA aCUMMETPUS.

Operational asymmetry of the secondary current supply of an ultra-high arc steelmaking
furnace When designing an arc steelmaking furnace (chipboard), it is important to ensure the
symmetry of the inductive resistance of its secondary current supply. For this purpose, such a
constructive technique as triangulation is used: at each functional section of the secondary
current supply, they try to arrange the phase axes in a perpendicular section along the sides of

an equilateral triangle. However, during the operation of the furnace, the symmetry laid down



in the design is often violated. The main reason is the untimely bypass of the electrodes with
their unequal phase flow or due to electrode breakage. The article examines the limits of the
operational asymmetry of inductive resistance for different designs of secondary current
supply and different variations of electrode lengths from symmetry, possible during the
operation of chipboard.

Key words: arc steelmaking furnace, secondary current supply, inductive resistance,

operational asymmetry.
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JluHaMuyeckasi MoJeJb CHAHXPOHHOT'0 3JIEKTPOMATHUTHOI0 YAAPHOI0 y3J1a €O
cB00OIHBIM BbIOCIOM 00MKa

HEMMAH JI.A, HEUMAH B.IO.

PaccMOTpeH 351eKTpOMAarHUTHBIN yAApHBIN y3€1, MOJIy4YaroIui MUTaHUE OT UCTOYHHKA
HaNpsHKEHUS TPOMBIIIJICHHOM YacTOTHI, B KOTOPOM B KauecTBe 3((HEeKTUBHON MepHI
MIOBBIIICHUS YHEPTUH y/lapa IPUMEHSIETCS paboUYuil IUKII CO CBOOOIHBIM BBIOETOM OOiKa.
Pa3paborana uMUTalIMOHHAS TUHAMUYECKasi MOJIEb CHHXPOHHOTO 3J€KTPOMAarHUTHOTO
YIIapHOTO y3J1a C IBYXCTOPOHHUM CBOOOJHBIM BBIOETOM O0iiKa. Moienb MOKET MPUMEHSATHCS
IUISL aHAJTIN3a SJEKTPOMEXaHUYECKHX MPOIIECCOB, YUUTHIBAIOMINX J1e(OPMAIIUIO YIIPYTHX
CBSI3€M, CUIIOBBIE U ylapHble B3aUMOACHCTBUSI 3JIEMEHTOB KOHCTPYKIIUU MEXaHUYECKOM
Kose0aTenbHON cucTeMbl. PaccMOTpeH mpuMep AMHAMUYECKOTO paciyeTa B BUJIE BPEMEHHBIX
JMarpaMM, OTPaKaIOUINX paboUHii MPOIecC yIapHOTO y3i1a C TPeMsI CTETIIEHSIMU CBOOOIbI
MeXaHU4eCcKO# cucteMbl. OCHOBHBIE PE3YNbTAThl U BHIBOJIBI ITOTYUYEHBI ¢ TOMOIIBIO
MMUTAIMOHHOTO MojienupoBanus B mporpamme MATLAB Simulink ¢ moctpoennem
CTPYKTYpPHOM CXEMBbI U IPEIBAPUTEIHHBIM pacueToOM MarHUTHOro nosid. ConocraBieHue
pPaCUETHBIX U KCIIEPUMEHTAIBHBIX JaHHBIX YKa3bIBaeT Ha IOCTATOYHYIO IS IPAKTUKU
TOYHOCTH TPH MCIIOJIb30BAaHUU CO3/IaHHON MOJICITH.

Knrouegwle cnoea: >neKTpOMarHUTHBIN yIapHBIN y3eIl, 2IEKTPOMEXaHUYECKUE MPOIIECCHI,
SHEPTHsI M YacTOTa yJIapoB, CBOOOIHBIN BBIOET 00OiKa, JMHAMUYECKAs MOIEIb,

HMUTAIMUOHHOC MOACIIMPOBAHUC.



An electromagnetic shock unit powered by an industrial frequency voltage source is
considered, in which a duty cycle with a free-running striker is used as an effective measure to
increase the impact energy. A dynamic simulation model of a synchronous electromagnetic
shock unit with a two-way free-running striker has been developed. The model can be used to
analyze electromechanical processes that take into account the deformation of elastic bonds,
force and shock interactions of structural elements of a mechanical oscillatory system. An
example of dynamic calculation in the form of time diagrams reflecting the working process
of an impact unit with three degrees of freedom of a mechanical system is considered. The
main results and conclusions were obtained using simulation modeling in the MATLAB
Simulink program with the construction of a block diagram and preliminary calculation of the
magnetic field. A comparison of the calculated and experimental data indicates sufficient
accuracy for practice when using the created model.

Key words: electromagnetic shock unit, electromechanical processes, energy and frequency of

impacts, free run of the striker, dynamic model, simulation modeling.
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JIEKTPOMATHUTHBII MOMEHT 0eCa30BOro ABUIaTe/isi ¢ MOCTOAHHBIMM MATHUTAMM U
APOOHBIMHU KATyIIEYHBIMH 00MOTKAMH

T'EMHPHUX I'.0., LIEBYEHKO O.A., IIEBUEHKO A.®.

Cratbs sSBISETCS MIPOIOJDKEHUEM MPEICTABICHHOM paHee paboThl, B KOTOPO OblIa
MpeIoKeHa aHATTUTHYECKast MOJEIh OECIa30BhIX AICKTPHUSCKUX MAIIUH C BO30YKIEHUEM
OT NOCTOSTHHBIX MarHuToB (BOMIIM), mo3BosstomIast OBICTPO MOTYYUTH paCIpEIeTICHIE
MarHMTHOTO TOJIS B 3JIEKTpUUecKoi MamuHe. [IpuBoauTcs BeipaskeHue ais pacyéra
3JeKTpOMarHuTHOrO0 MoMeHTa B BOMIIM, onmparoieecs: Ha pacnpeeIeHue MarHUTHOTO
TOJIs1, BEICOKAsI CTENIEHh TOYHOCTH KOTOPOTo OblJIa 000CHOBaHA IMMyTEM CpaBHEHUS C
pe3yabTaTaMy YUCJICHHOTO MOJEIHUPOBAHMUS.

Knroueswle cnoea: 6ecnia3oBble AIEKTPUYECKUE MAILIMHBI, MATHUTOAIEKTPUUYECKOE

BO30YX/I€HHE, MATHUTHOE T10JIE, DJICKTPOMAarHUTHBI MOMEHT, IPOOHBIE OOMOTKH.

The article is a continuation of the work presented earlier, in which an analytical model of

phase-free electric machines with permanent magnet excitation (BEMPM) was proposed,



which makes it possible to quickly obtain the distribution of the magnetic field in an electric
machine. An expression is given for calculating the electromagnetic moment in the BUMP,
based on the distribution of the magnetic field, the high degree of accuracy of which was
justified by comparison with the results of numerical modeling.

Key words: phase-free electric machines, magnetoelectric excitation, magnetic field,

electromagnetic moment, fractional windings.
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/lo0aBo4YHbBIE OTEPH B 2JIEMEHTAX KOHCTPYKIHMH MOAYJILHBIX CHHXPOHHBIX MAIIHH C
NMOCTOSTHHBIMU MATHUTAMM

KWJIMH O.A., ITPUCTVYIT A.T'., MAJIOMOIIHOB H.K.

B crartbe uccnenoBansl 100aBOUHBIE IOTEPU OT BUXPEBBIX TOKOB, BO3HUKAIOIUE B
MacCCHUBHBIX ()€pPOMArHUTHBIX MIPUKUMHBIX JIEMEHTAX CTaTOPa CUHXPOHHON MAIIMHBI C
IIOCTOSIHHBIMU MarHMTaM ¥ MOJYJIbHOM KOHCTpyKLHeH. Ha ocHOBE 4nCIIeHHOTO
MojenupoBanus B cpenie AnsysMaxwell 3DBbInonHeH aHaIN3 BIMSHUSA YaCTOTHI U
aMIUIATYbI ITYJIbCALIMA MarHUTHON MHIYKLUH, a TAK)KE TEOMETPUYECKUX ITapaMETPOB
IIPYKAMOB Ha NOTEpH B HUX. [IpoBeieHO cpaBHEHME pa3INYHbIX METONOB CHIKECHHUS IOTEPh
Ha BUXPEBBIC TOKU B IPHKUMHBIX DJIEMEHTAX.

Knroueswie cnosa: >nextprudeckas MallliHa ¢ TOCTOSITHHBIMM MarHUTaMH, IpOOHas 3yOLoBast
00MOTKa, MOAYJIBHBIH CTaTOp, MOTEPU OT BUXPEBBIX TOKOB, IPIKUM CepledHuKa, [1-

0o0Opa3HbId MOIYJIb.

The paper investigates additional eddy current losses occurring in massive ferromagnetic
clamping elements of the stator in a permanent magnet synchronous machine with a modular
design. Based on numerical modeling in Ansys Maxwell 3D, the influence of the frequency
and amplitude of magnetic flux density pulsations, as well as the geometric parameters of the
clamps on losses in them was analyzed. Various methods for reducing eddy current losses in
the clamping elements were compared.

Key words: permanent magnet electric machine, concentrated winding, modular stator, eddy

current losses, core clamp, U-shaped module.
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ITepecdeT paGounx XapaKTepPUCTHK KHIAKOCTHOM CHCTeMbI OXJIAKICHUS
npeodpa3oBaTeJisi YACTOTHI IPH U3MEHEHUH BH/IA TEIVIOHOCHTEJISI

JOMAXUH E.A., CHAOPOB I'.C., KOTHUH J.A., [I0OIIOB H.C., BUJIbBEPT'EP M.E.
IIpencraBneHa UMUTALMOHHAS MOJIEIb )KUKOCTHON CUCTEMBbI OXJIAXAEHUS JUIs
npeoOpa3oBareneil YacTOThl CpeAHEN U BHICOKOM MOIIHOCTH C MIPUMEHEHHEM Kanopudepa B
KayecTBe TeII000MEHHOT O anmnapara. BeInoiaHeH nepecuer pabounx XapakTepUCTHK
TEINIO0OMEHHOTO anmnapaTa U pabo4ux XapaKTepUCTUK CUCTEMBbI OXJIaXIEHUS IPU
M3MEHEHHMH BuAa TeroHocurens. [lorpemnocts pa3paboTaHHON MOIENN IO pe3ysbTaTaM
pacuera TemnepaTypsl Boabl coctaBuia 4,96%, TemnepaTypsl Bozayxa — 5,25%.
[TpeioskeHHBIN MOAX0I MOXKET ObITh MPUMEHEH I NIepecdeTa XapaKTePUCTUK CHCTEMbI
OXJIaX/IEHUs Ha APYrve KOHIEHTPALUU BOJHBIX PACTBOPOB STHJICH- WM MPONUIIECHITIMKOJIS, a
TaKXe Ha JIpyrue TeIJIOHOCUTEIH.

Knroueswie cnosa: BbICOKOBOIBTHBINM PeoOpa3oBaTelib 4aCTOTHI, MPE0OPa30BaTENb YaCTOTHI
O0JIBIIION MOITHOCTH, KUAKOCTHAS CUCTEMA OXJIAX/ICHUS, TEIUIOOOMEHHBIE amlaparsl,

TCIIJIOHOCHUTCIIb, pa601me XapaKTEPUCTUKHU, UMHUTAIUOHHAA MOACIIb, IIOIPCITHOCTL pacycTa.

A simulation model of a liquid cooling system for medium and high power frequency
converters using a heater as a heat exchanger is presented. The working characteristics of the
heat exchanger and the working characteristics of the cooling system are recalculated when
the type of coolant changes. The error of the developed model based on the calculation of
water temperature was 4.96%, air temperature — 5.25%. The proposed approach can be
applied to recalculate the characteristics of the cooling system for other concentrations of
aqueous solutions of ethylene or propylene glycol, as well as for other coolants.

Key words: high-voltage frequency converter, high-power frequency converter, liquid cooling
system, heat exchangers, coolant, operating characteristics, simulation model, calculation

C1ToT.
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MopenupoBaHue aCHHXPOHHBIX IBHraTeJell ¢ mpeodpa3oBarejieM 4YacTOThI

IIEPCOBA M.T., COJIOBEMYHK }0.T"., TEMJISIKOBA 3.C., TPEUKIH B.B.,
TEMJISIKOB A A.

PaboTa nocpsiieHa YMCIEHHOMY MOJEIIMPOBAHUIO ACHHXPOHHBIX JIEKTPUUECKUX JIBUTATENIECH
¢ npeoOpazoBareIeM 4acToThl. PaccMOTpeHbl BO3MOXHOCTH KOHEYHO-3JIEMEHTHOTO
MOJICTTUPOBAHUS IIEKTPOMArHUTHOTO TOJIs B 00bEMe 3JIEKTPUUECKOTO ABUraTest, Koraa
COBMECTHO C I10JIEM BBIYHUCIISIFOTCS 3HAUEHUs TOKOB B 0OMOTKaX CcTaTropa M poTopa,
AJIEKTPOMAarHUTHBIE CUJIBI U B COOTBETCTBUH C HUMH M Harpy3KOW JABUTATENs ONPENEISAIOTCS
IIOBOPOTHI poTopa. IIpennoxeHHsie MOAX0Abl PEAIU30BAHbI B IIPOIPAMMHON CUCTEME,
KOTOpasi, 0 CYTH, CO3/1aeT UU(PPOBOI TBOMHUK NMEKTPHUUECKON MAIIUHBI, ITO3BOJISIONINA HE
TOJIBKO yJIy4IIaTh KOHCTPYKIMIO 3JIEKTPUYECKON MAIIMHBI, HO U YYUTHIBATh BEIINYUHY U
(bopMy HanpspKeHus, 101aBaeMOro Ha JIBUraTellb. B kauecTBe MpUMeEpOB paccMaTpUBarOTCS
JB€ KOHCTPYKLUN ACUHXPOHHBIX JIEKTPOABUTATENICH PAa3IMYHON MOLTHOCTH C OJHOU U
IBYMs1 O€TTMYBUMU KJIETKaMH Ha pOTOpe. BhIomHEeHO MoenupoBaHue paboThl ABUraTeneit
IIPY Pa3IMYHON HATrPY3KE U Ul Pa3IUYHBIX PEKUMOB ITyCKa: C IOCTOSTHHOW 1
M3MEHSIOIIENCSl 4acTOTOM. Xopolias TOYHOCTh Pacy€TOB MOJATBEPKICHA COMOCTABIEHUEM C
9KCIIEPUMEHTAJIBHBIMU JAHHBIMU B YCTAHOBUBIIMXCSA I1OCJIE Pa3rOHA PEXKUMAX.
IIpeacraBnenHas nporpaMMHasi CUCTEMA MO3BOJIAT MOJEIUPOBATh PA3JIMUHbIE KOHCTPYKIIMU
ACMHXPOHHBIX JABUIaTeJIeH U Ha OCHOBE PE3y/IbTaTOB MOJIEIMPOBAHMS BbIOMpPATh Hanboiee
MOAXOMASIINE dJIEKTPUIECKAE MAIIUHBI U PEKUMBI YIIPABJICHUS UMU I MUHUMHU3aLAN
MOTEPh U IIYCKOBBIX TOKOB B 3aBUCMMOCTH OT TEXHUYECKUX YCIOBUHN ()YHKIIMOHUPOBAHUS
AJIEKTPONPUBOA: TPEOOBAHUSAM K HArpy3KaM, BpEMEHH pa3roHa U T.JI.

Knrwouesvie cnoea: aciHXpOHHBIN BUTaTelNb, IPEOOpPa30BaATENb YAaCTOThI, KOHEYHO-

SJIEMCHTHOC MOJCIUPOBAHUE, DJICKTPOMArHuTHOC I10JIC.

The paper is devoted to the numerical simulation of asynchronous electric motors with a
frequency converter. The possibilities of finite element modeling of the electromagnetic field
in the volume of an electric motor are considered, when the values of currents in the stator
and rotor windings, electromagnetic forces are calculated together with the field, and the
rotations of the rotor are determined in accordance with them and the load of the motor. The
proposed approaches are implemented in a software system that, in fact, creates a digital twin
of an electric machine, allowing not only to improve the design of the electric machine, but

also to take into account the magnitude and shape of the voltage applied to the motor. Two



designs of asynchronous electric motors of different power with one and two squirrel cages on
the rotor are considered as examples. Simulation of the operation of engines at different loads
and for different start-up modes has been performed.: with a constant and changing frequency.
The good accuracy of the calculations is confirmed by comparison with experimental data in
the modes established after acceleration. The presented software system will make it possible
to simulate various designs of asynchronous motors and, based on the simulation results,
select the most suitable electrical machines and their control modes to minimize losses and
inrush currents, depending on the technical conditions of operation of the electric drive: load
requirements, acceleration time, etc.

Key words: asynchronous motor, frequency converter, finite element modeling,

electromagnetic field.
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Pacuer u cpaBHeHHe HATPY3KH 0JI0Ka HAKONMUTeJIEH Pa3IMYHON IHEProeMKOCTH
3JIEKTPOMOOWIIs Ha 0a3e e310Boro nukiaa WLTC

ITABAJIVH P.B., IITAHI" A.A., JIATBILIEB P.H., CUHI'MU3UH N.U., AHAPUAIIMH
C.H.

B ycioBusix skcItyatanuu 3JIeKTpoMoOuiiel, XapaKTepru3yoIencs: HeCTaOMIIbHBIMU
Harpy3KaMmu, 4aCThIMH TOPMOXKEHHUSIMH U pa3rOHaMU, ONITUMHU3ALIMS TATOBOTO MPUBOJA UMEET
pelaroiiee 3HaueHue Ui MOBBIIICHUS 0011el 3Heprod(HEeKTUBHOCTH ICKTPOTPAHCIIOPTA U
yBeIMUeHus 3anaca xoaa. CoBpeMeHHbIE KOMIIOHEHTBI U IIEPEOBbIE TEXHOJIOTUH, TAKUE, KaK
HOBBIE MaTepUajbl U UHTEIUIEKTYaIbHbIE CUCTEMBI YIIPABICHUS, UTPAIOT BAXXHYIO POJIb JJIs
JNOCTHXKEHHS 3TUX 1Liefieil. B craThe Ha 6a3e €310BOro LMKIIA paccMaTpuBaeTcs pazpaboTka

3¢ HEKTUBHON CHIIOBOI SHEProyCTaHOBKH 3JIEKTpoMoOmIst. B kauecTBe 3Tanona s
OTIpeJIeJIEHUs] HArPY30K U YCIOBUH SKCIUTyaTalluy UCTIONb3YEeTCs III00aTbHbIN UK
BoxaeHuss WLTC (Worldwide Harmonized Light Vehicles Test Cycle). boin Beimonnen
pacuer Harpy3Kku 0JI0Ka akKyMyJIITOpHOI OaTtapen; Ha OCHOBE pacyeTOB MIPOBEICHBI
CpaBHEHHE U BBIOOp Hamboee 3(pPeKTUBHOTO HAKOMUTES MIPH SKCIUTyaTalluu
aseKTpoMoOmIIa Ha ocHoBe nukia WLTC.

Knroueevle cnosa: >neKTpoMoOMIThH, CHIIOBAst SHEPTOyCTaHOBKA, €3/10BoH 1Tuki1 WLTC,

HaKOITUTCIIb, 3HepFOéMKOCTB.



In electric vehicle operating conditions characterized by unstable loads, frequent braking and
acceleration, optimization of the traction drive is crucial to improve the overall energy
efficiency of electric vehicles and increase power reserve. Modern components and advanced
technologies such as new materials and intelligent control systems play an important role in
achieving these goals. The article discusses the development of an efficient electric vehicle
power plant based on the driving cycle. The WLTC (Worldwide Harmonized Light Vehicles
Test Cycle) global driving Cycle is used as a reference for determining loads and operating
conditions. The load of the battery pack was calculated; based on the calculations, a
comparison and selection of the most efficient storage device were carried out during
operation of an electric vehicle based on the WLTC cycle.

Key words: electric vehicle, power plant, WLTC driving cycle, storage, energy intensity.
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Onenka 3Heprernyeckoi 3¢p(PeKTHBHOCTH AKTUBHBIX 0AJTaAHCHPOB JIUTHEBBIX
AKKYMYJIITOPOB

MATEX C.B., MEHBIIIMKOB A.B., ABPAMOB E.10., IATBIIIEB P.H., YEPHOB A .A.
AHAIUTHYECKUM TYTEM U CPEACTBAMHU UMUTAIIMOHHOTO MOAEIHPOBAHUS UCCIeI0BaHa padoTa
0aJaHCUPOB, MPEIHA3HAYCHHBIX JIUIsl BHIPABHUBAHMS 3apSAI0B MEKIY sTUeHKaMu
aKKyMyJsITopHOU Oatapen. IlonmydeHsl pacueTHbIe BEIpaXKEHUS, XapaKTEePU3YIOIIHe
SHEPTEeTUYECKYI0 3PEKTHBHOCTh aKTUBHBIX OAJIAHCUPOB, UCIIOJIB3YIOIIHMX IS TIEPEHOCA
3apsiI0B eMKOCTHBIE ¥ MHIYKTHBHBIC 31eMeHTHI. [l0ka3aHno, 4To HayanbHOE 3HAUeHHUE

K03 uIMEeHTa MOJIE3HOTOo AeUCTBUS OanaHcupa ¢ EMKOCTHBIMM JIEMEHTAMHU C YYE€TOM
JOMYCTUMBIX Pa30pOCOB HAIIPSKEHUM JTUTUH-UOHHBIX SY€EeK aKKyMYJISATOPHOH OaTapeu He
npeBocxoauT 76% ¥ npu BEIpaBHUBAHUU THX HANpsKEHUH Oy/eT IUIaBHO yBEINYUBATHCS.
Hawunyummmu nmokasarensiMu 7151 BBIpaBHUBAHUS 3apsI0B MEXIY SUeHKaMU
aKKyMYJIATOpHOU OaTtapen o0iagaeT akTUBHBIN OanaHcup, UCTIONB3YIOIINN IS TIepeHoca
3aps/10B MHYKTUBHBIE AJIeMEHThI. Ero K03 (GuIMeHT no1e3H0ro AeHCTBYS B MEHbIIEH
CTEIEHH 3aBUCUT OT HEPAaBHOMEPHOCTH PACIpPEACICHUS 3aps/I0B B siueiKax akKKyMYJISITOPHOM
6atapeu 1 BO BpeMsi pabOThl MOXKET AOCTUTATh 95% U BhIIIIE, UTO C YUETOM MPUHSATOTO
JOMyCTUMOT0 pazdpoca HANPSHKEHUHA MEXKIY 3TUMU siYeHKaMU 103BOJIIET SKOHOMUTH 110 26%
AJIEKTPUUECKON IHEPTUH, YTO OCOOEHHO aKTYaIbHO JUIsl SHEProcOepeKeHHS IIPH

UCIOJIb30BaHNHU aKKYMYJIATOPHBIX OaTtapeil 00bIoi EMKOCTH.



Kntouegwie cnosa: akkymynsatopHas Oatapes, siaeiika, akTHBHBIN OanaHCHp, BBIPABHUBAHUE
3apsijia, peakTUBHBIE 3JIEMEHTHI, 3HepreTudeckast 3h(HeKTuBHOCTh, KO3 (UIIMEHT TOJIE3HOTO

NIEUCTBUL.

The work of balancers designed to equalize charges between battery cells has been
investigated analytically and by means of simulation modeling. Calculated expressions
characterizing the energy efficiency of active balancers using capacitive and inductive
elements for charge transfer are obtained. It is shown that the initial value of the efficiency of
a balancer with capacitive elements, taking into account the permissible voltage variations of
lithium-ion battery cells, does not exceed 76% and will gradually increase when these
voltages are equalized. An active balancer that uses inductive cells to transfer charges has the
best performance for balancing charges between the cells of a battery. Its efficiency is less
dependent on the uneven distribution of charges in the battery cells and can reach 95% or
higher during operation, which, taking into account the accepted permissible voltage spread
between these cells, saves up to 26% of electrical energy, which is especially important for
energy conservation when using high-capacity batteries.

Key words: battery, cell, active balancer, charge equalization, reactive cells, energy efficiency,

efficiency.
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TexHonornu AByHanpasJeHHOH 0eClIPOBOIHON NepeJayu JHePruu: COCTOSIHUE U
NMEePCIEeKTHBBI

EPEHIEHKO H.JI., BHYKOB C.A., IIIYPOB H.AU., KPABYEHKO /I.I1., ALPAMOB E.IO.
C pacmmpenueM 00J1aCTH TPUMEHEHHS TEXHOJIOTHH OECTIPOBOIHOM Mepejauu SHEPruu
BO3HUKJIA OCTpast HEOOXOAUMOCTh B TEXHOJIOTUH JABYHAINIPABJICHHON OECIIPOBOIHON TIepeaayun
SHEPI'UHU AJIs pealln3allii SHEPreTHYECKOro B3auMOJEHCTBUSA MEKAY O€CIIPOBOIHBIMU
3apsAOHBIMU YCTPOWCTBAMHU. B cTaThe aHaIM3UPYETCs COCTOSIHUE PA3BUTHS CUCTEMBI
JBYHANPABICHHON EMKOCTHOM Mepeauu SHEPTUH U CBSI3aHHBIE C TUM KIIIOUYEBbIE ITPOOIEMBI,
KPaTKO OMHUCHIBACTCSI OCHOBHOM MPUHIUIT pabOThI CUCTEMBI IBYHAIIPABICHHON
0ecrpoBOIHON Nepeaayn SHEPrUH, 00CYKIAI0TCSI OCHOBHBIE JOCTHKEHMS B IUIaHE TUITUYHBIX

TOMOJIOTHI IBYHAIIPABICHHOTO MPe0Opa3oBaHus, PE30HAHCHBIX CETEH, CTpaTeruil



YIIPaBJICHHs] MOITHOCTBIO U CLICHAPUEB IPUMEHEHUSI CHCTEMBI IBYHAIIPABICHHOM
0ecrpoBOTHOM TIepeiayy SHEPTHUH.
Knrwouesvie cnosa: nByHanpasieHHas OCIIpOBOIHAS TIepeiaua SHEPT UM, TBYHAIPABICHHAS

€MKOCTHasl Iepeiaya 3HePT U, TOMOJIOTHsI TPeoOpa30BaHUs, TOTOK SHEPTUH.

With the expansion of the field of application of wireless energy transmission technology,
there is an urgent need for bidirectional wireless energy transmission technology to realize
energy interaction between wireless chargers. The article analyzes the state of development of
a bidirectional capacitive power transmission system and related key issues, briefly describes
the basic principle of operation of a bidirectional wireless power transmission system,
discusses the main achievements in terms of typical bidirectional conversion topologies,
resonant networks, power management strategies and application scenarios for a bidirectional
wireless power transmission system.

Key words: bidirectional wireless power transmission, bidirectional capacitive power

transmission, conversion topology, energy flow.
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MeToa ObICTPOH OLIEHKH éMKOCTH AKKYMYJIATOPA 3JIEeKTPOMOOUJISI C TOMOIIb IO
M3MepeHusl UMIeJaHca

BOP3EHKOB A.H., BHYKOB C.A., MAJIO3EMOB B.B., XAJIUKOB U.X., II{lYPOB H.N.
Tounast onileHKa ypoBHS 3apsa aKKyMyJsiTopHoOi 6atapeu (State-of-charge, SOC) no3Bonser
OLICHUTH €€ TeKyIllee COCTOSTHUE. Pe3ympTaToM ynmpaBieHus: COCTOSHHEM aKKyMYJIsITopa
SIBISIETCS] ONITUMM3ANKS €r0 pabOThI M MPOJICHUE CPOKA CIY>KOBI, HA KOTOPBIA BIUAET
KOJINYECTBO LIUKJIOB 3apsia/pa3psana. B ctarbe npuBOANUTCS ONMUCAHNE KOMIUIEKCHOTO
M0JIX0/1a U3MEPEHUS HMIIEAAHCa C TOMOIIBIO KYJIOHOBCKOTO MeToa. MeTomonorus
M3MEpEeHHs UMITeIaHca peiHa3HadeHa 11t oneHKH SOC aKKyMyJIsTOpOB, IPUMEHSEMBIX B
ANEKTPOMOOMIISX, B YCIOBUAX dKCIUTyaTanuu. st moarBepkaeHus 3 HeKTHBHOCTH
MCTOJIb30BAHUS KYJOHOBCKOT'O METO/1a C TIOMOIIBIO MTPOrPaMMHO-AIIAPATHOTO KOMILIEKCa
MIPOBE/ICHBI U3MEPEHUS UMIIEJaHCa IS IBYX THIIOB aKKyMYJIITOPOB — TUTUH-UOHHBIX U
CBHHI[OBO-KHCIIOTHBIX.

Knrouegwle cnoea: >nekTpoMoOniib, COCTOSIHUE 3apsiia aKKyMYJIATOPa, KYJTIOHOBCKUN METO/,



JIUTUI-UOHHBIN aKKYMYJISITOP, CBUHIIOBO-KHUCIIOTHBIN aKKyMYJISITOP, TUTUN-TIOJIUMEPHBIN

AKKyMYJISITOP, HUKEIb-METAIIOTUAPUAHBINA aKKYMYJIATOP.

An accurate assessment of the battery charge level (State-of-charge, SOC) allows you to
assess its current state. The result of battery health management is to optimize its operation
and extend its service life, which is affected by the number of charge/discharge cycles. The
article describes a comprehensive approach to measuring impedance using the Coulomb
method. The impedance measurement methodology is designed to evaluate SOC batteries
used in electric vehicles under operating conditions. To confirm the effectiveness of using the
Coulomb method, impedance measurements for two types of batteries, lithium-ion and lead—
acid, were performed using a hardware and software package.

Key words: electric vehicle, battery state of charge, Coulomb method, lithium-ion battery,

lead-acid battery, lithium polymer battery, nickel metal hydride battery.
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JIEKTPO3apsiAHas CTaHIMA dJIekTpoModunieit mo cranaapry CHAdeMO ¢ HakonuTeaem
IHEPrUuM

AHIPUALINH C.H., CUHT'MU3UH U.U., BOP3EHKOB A.H., KPABYEHKO /I.I1.,
EPEIIEHKO H./I.

[IpennoxeH cmocod CHMKEHHUSI MECTHOTO BO3JICUCTBUS AIeKTpo3apsaHbix ctannuii (33C) Ha
ceTh IyTeM HHTerpanuu B coctaB 93C akKyMyJIsATOpHOI OaTapen B kKauecTBe OyQepHOro
HAKOMUTEJIS U CHUKEHHSI TUKOB MOTPeOsIeHUs IeKTpodHeprun. Pa3zpaboTan npoToTun
33C ¢ Hakonutesnem sHeprun Tuna LiFePos mocTpoeHHBIH 1O TOMOJIOTHH ¢ O0IIEH ITMHOM
nocrostHHOro Toka. Cucrema ynpasnenus 93C crannapra CHAdeMO noctpoena Ha
KOHTPOJUIEPE B CBA3KE C MUKPOKOMITBIOTEPOM, I KOTOPOT0 pa3paboTaHo MPOrpaMMHOE
oOecrnieueHre BepxHero ypoBHs. CTaHIMs YCHEIIHO NPOTECTUPOBaHA Ha
CHEIUATU3UPOBAHHOM AMYJIATOPE SIEKTPOMOOMIIA, a TakKe Ha AIeKkTpoMoOmsix Nissan Leaf.
Kniouesvie cnosa: >nexrposapsanas cranius, ctangapt CHAdeMO, nutuii-nonHas
aKKyMyJsITopHasi 6aTapes, Hakonutesb sHeprun LiFePoy, mpeobpa3oBarenn MOCTOSIHHOTO

TOKa, IIMHA IIOCTOAHHOT'O TOKAa, KOHTPOJIJICP 3ap;mH0171 CTaHIIMH.



A method is proposed to reduce the local impact of electric charging stations (EPPS) on the
network by integrating a battery into the EMF as a buffer storage device to reduce peaks in
electricity consumption. A prototype of an EHS with a LiFePO4 type energy storage device
has been developed, built according to a topology with a common DC bus. The ECS control
system of the CHAdeMO standard is built on a controller in conjunction with a
microcomputer, for which top-level software has been developed. The station has been
successfully tested on a specialized electric vehicle emulator, as well as on Nissan Leaf
electric vehicles.

Key words: electric charging station, CHAdeMO standard, lithium-ion rechargeable battery,

LiFePO, energy storage, DC converters, DC bus, charging station controller.
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Bansinne 4acToThl NUTAKIIEr0 HANPSAKEHUA HA 3(PPeKTHBHOCTH PadoThI 030HATOPA
MAKCYJIOB /I.B.

PaccMOTpeHO BiMsHME 4acTOTHI IUTAIOILETO HAIPSKEHUS Ha IIPOU3BOAUTEIBHOCTD
o30HaTOpa. PazpaboTaH UTepallmOHHBINA MPOIIECC ISl MOACIUPOBAHUS ABHKCHHUS HOHOB B
paspsAHOM IPOMEXKYTKE 030HATOPA U ONPEEIIECHUS ONITUMAIbHON 4acTOThI, KOTOPOM
COOTBETCTBYET MaKCHMaJjbHasl MPOM3BOAUTEILHOCTD. MccienoBana 3aBUCUMOCTD
ONTUMAJIBHOM YaCTOTHI OT TEMIIEPATYPHI, TABIEHHUS, COCTaBa Fa30BOM CMECH, MPOXOISIICH
4yepe3 030HaTop, MPUIIOKEHHOTO HANPSKEHMSL.

Knroueswie cnosa: o30HaTop, 6apbepHBIN pa3psijl, CHHTE3 030HA, YACTOTA MUTAIOLIETO

HaMNpsHKEHUs, UTEPAllMOHHBIN Mpoliecc.

The influence of the frequency of the supply voltage on the performance of the ozonator is
considered. An iterative process has been developed to simulate the movement of ions in the
discharge gap of the ozonator and determine the optimal frequency, which corresponds to
maximum performance. The dependence of the optimal frequency on temperature, pressure,
composition of the gas mixture passing through the ozonator, and applied voltage is
investigated.

Key words: ozonator, barrier discharge, ozone synthesis, supply voltage frequency, iterative

process.
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