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This study considers the sharply changing loads on powerful
transformers and the non-stationary electromagnetic processes they
excite, consisting of a set of parameters of different physical nature.
The task addressed relates to the fact that powerful transformers used
in modern electrical technologies fail almost twice as often as those
operating in public networks. This encourages the design of special-
purpose transformer equipment and requires establishing causal
factors of accidents, their development, and new research methods.

This work reports a method for large-scale modeling of non-
stationary electromagnetic processes in transformers.

The proposed criteria for the physical similarity of electromag-
netic processes in the model and the original have been confirmed
experimentally on a physical model and a real special-purpose trans-
former. A distinctive feature of the results is a method devised for the
formation of sharply changing currents, which are characteristic of
the electro-technological process in arc steelmaking furnaces.

The results of investigating additional losses and thermal over-
load of the transformer coincide, with reasonable accuracy for prac-
tice, with the experimental ones with an error not exceeding 5.7%.
This makes it possible to compile project documentation for design-
ing new types of special-purpose transformers. This is achieved by
improving engineering methods for calculating additional losses and
thermal overloads of inactive parts of transformer structures. In prac-
tice, the results allow for the correction of acceptance tests both at the
design stages and under industrial conditions.

Keywords: sharply changing loads, non-stationary electromag-
netic processes, cumulative effect, magnetostriction, non-sinusoidal
current, equivalence method, streamers, ferroresonance processes,
skin effect.
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This study considers the electromagnetic and electromechanical
processes in a traction induction motor. The task addressed relates
to the absence of a universal mathematical model of a high-power
induction motor that accounts for magnetic circuit saturation, cross-
saturation, and core losses. Such a model is required for an adequate
description of transient processes under the operating conditions of
marine power plants.

The essence of the results reported here is the construction of a
system of equations describing the electromagnetic and electrome-
chanical processes in a traction induction motor, taking into account
magnetic circuit saturation. The proposed model includes four differ-
ential and two algebraic equations, providing complete controllability
over the machine dynamics on both linear and nonlinear segments
of the magnetization characteristic. By applying the dynamic induc-
tance method, the model accounts for the interdependence between
flux linkages and currents in different coordinate axes, as well as for
the nonlinear variations of inductance parameters under magnetic
saturation. These specific features have made it possible to accurately
reproduce the real physical processes in the motor, as confirmed by
bench verification based on the Caterpillar 3516 marine power plant.
The results are attributed to the use of a generalized spatial model
and dynamic inductances that reflect the variability of the motor’s
magnetic state under different load conditions.

The built model could be used in the synthesis of automatic con-
trol systems, analysis of transient processes, diagnostics of electric

drives, as well as optimization of power plants. It could be practically
implemented under conditions of stable thermal regime of the mo-
tor and availability of reliable experimental data for identification of
saturation parameters.

Keywords: induction motor, power plant, mathematical model,
electromagnetic processes, dynamic inductances.
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The object of the study is the electromechanical part of a wind
turbine with a horizontally arranged gearless rotor and an AC gen-
erator with a capacity of up to 40 kW. The study solves the problem
of analyzing the electromechanical processes that occur during an
interphase short circuit in a wind turbine generator.

The article presents the results of theoretical studies of the short-
circuit mode of the power circuit of an AC generator of a gearless
type wind turbine with a capacity of up to 40 kW. The relevance of the
study is due to the need to increase reliability and reduce accidents
caused by interphase short circuits in wind turbines.

The choice of equations for the mathematical model of the electro-
mechanical part of the turbine is justified; a simulation model was devel-
oped using the MATLAB package; the adequacy of the simulation model
was assessed by comparing transient processes obtained theoretically
and experimentally on a laboratory bench under similar initial condi-
tions and the moments of inertia of the mechanical part of the rotating
elements of the wind turbine rotor and generator; a theoretical study of
transient processes during interphase short circuits has been performed.

Distinctive features: the proposed energy discharge equation and
the developed model allow for the estimation of the energy character-
istics of a wind turbine, taking into account the dynamic character-
istics of the rotor and the generator, which increases the accuracy of
the analysis of the energy characteristics in the mode of interphase
short-circuit of the stator windings of the generator.

Practical significance: the research results can be used in the de-
sign, modernization, and adjustment of protection systems for wind
turbine generators with a capacity of up to 40 kW.

Keywords: wind turbine, generator, short circuit, mathematical
model, simulation modeling, dynamic processes.
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PO3POBKA METOAY MACHITABHOTO MOAEJTIOBAHHSA HECTAIIIOHAPHUX EJIEKTPOMATHITHHX
ITPOIECIB B IIOTY2KHOMY TPAHC®OPMATOPHOMY YCTATKYBAHHI ITPU PISKO3SMIHHUX
HABAHTAJKEHHSIX (c. 6-23)

B. B. 3iHoBKiH, 0. O. Kpucas, C. I. Illmio

O6’eKTOM JIOCJIi/[KEHHS € Pi3K03MiHHI HaBaHTa)XEHHS ITOTY>XHHUX TPAaHC(HOPMATOPIB Ta 30y/pKYI0Ui HUMH HeCTalliOHApHi eJIeKTPOMAarHiTHi
TIPOIIECH, IO CKJIAJAI0ThCS i3 CYKYITHOCTI ITapaMeTpiB pi3HOi (iznmaHol mpupoau. IIpo6aemMa, 110 BUPIIIYeThCs, TIOJIATae B TOMY, 1[0 TIOTYXKHIi
TpaHCOPMATOpH, fAKi BUKOPHCTOBYIOTHCA B Cy4aCHUX €JIEKTPOTEXHOJIOTifIX, BUXOAATh 3 JaZly Maibke yaBiui yacrilie B MoOpiBHAHHI i3
TIPALIOIOUMMU Y MepeXkax 3arajlbHOr0 KOpPUCTyBaHHs. Ile croHykae /10 po3po6Ku TpaHC(HOPMATOPHOTO YCTaTKyBaHHS CIIelia/IbHOrO ITpU3HAae
JeHHs i ToTpe6ye BCTAHOBJIEHHS MPUIMHHO-HACTIZKOBUX (DAKTOPIB aBapiii, IX pO3BUTKY, Ta HOBUX METO/iB TOCIi/[KEHHSI.

B po6oTi po3po6sieHO MeTo/, MacCIITaGHOT0 MO/IE/IFOBAHHS HECTAIlilOHAPHUX eJIEKTPOMAarHiTHUX ITPoIieciB B TpaHC(opMaTopax.

3anponioHoBaHi Kpurepil ¢i3nyHOI MOJ06H eJeKTPOMAarHiTHUX IIpolieciB B MOAEJi i OpUTriHaI MiATBep/PKEHO e€KCIIEPUMEHTAJIbHO Ha
isuuniit Mozei i peasibHOMY TpaHChOPMaTOPi CrelliaTbHOTo NPU3HaYeHHsA. XapaKTepHi BiZIMiHHOCTI pe3y/bTaTiB JOCIi/[KEHHS MOJIATal0Th
y po3po61ii MeTony (hOopMyBaHHS Pi3KO3MIHHHUX CTPYMIB, IIJ0 XapaKTepHi IJIsI eIeKTPOTEXHOIVIOTITHOTO IIPOIIECY AYTOBUX CTaJIeTJIaBHJIBHUX
revei.

Pe3ysbTaTHl ZOCII/PKEHHS I0AATKOBUX BTPAT i TEIJIOBOTO IlepeBaHTA)XXEHHsI TpaHc(opMmaropa 3 JA0CTaTHBOIO IS MPAKTUKU IOXHOKOI0
CriBMaJaroTh i3 eKcrieprMeHTaIbHUMHU 3 TOXHUOKOI0, Ka He repeBullye 5.7%. Lle fae 3Mory po3po6/saT MPOEKTHY JOKYMEHTAIli0 /1l po3po6-
KU HOBUIX THIIiB TpaHC(HOPMATOPIB CIeI[jaTbHOTr0 TPpU3HAYeHHHSI. Lle ocAraeThCs HUISIXOM YI0CKOHAIEHHS iH)KeHEepHUX METOZiB PO3paxyHKy
JIOIATKOBUX BTPAT i TETUIOBUX INepeHBAHTa)KEHb HEAKTHBHUX JieTaseil KOHCTPYKIil TpaHcdopMaTopiB. Ha mpakTUIli oTprMaHi pe3yabraTu
JI03BOJISIIOTh KOPETryBaTH IIPUIIMa/IbHO-3/1aB/IbHI BUIIPOOYBAHHS SIK Ha €TaIlax IPOeKTYyBaHHS TaK i B yMOBaX BUPOGHUIITBA.

KirrouoBgi cyioBa: pisko3MiHHI HaBaHTa)kKeHHs, HeCTal[iloOHapHi eJIeKTPOMArHiTHI MpolecH, KyMy/lIATUBHUN edeKT, MarHiTOCTPUKILis, He-
CHHOCOIJATbHUI CTPYyM, METO[, €KBiBaJIEHTYBaHHs, CTpiMepH, (hepope30HaHCHI MpoIiecH, CKiH-eeKT.
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PO3POBKA MATEMATHUYHOI MOJEJII ACHHXPOHHOT'O IBUTYHA TPAHCIIOPTHOI EHEPTETUYHOI
YCTAHOBKH 3 YPAXYBAHHSIM ITPOLIECIB MATHITHOI'O HACUYEHH/I (c. 24-35)

. O. Kynarin, 1. 3. Macios

OG6’eKTOM JOCJIi/PKEHHS € eJIeKTPOMArHiTHI Ta eJeKTPOMEXaHiuHi MpOLeCH TATOBOTO aCMHXPOHHOrO JBUTyHA. [Ipobsema mossirae y
BiZICYTHOCT] yHiBepCaJbHOI MaTeMAaTHYHOI MOZIEJTi TTOTY>KHOTO ACHHXPOHHOTO /IBUTYHA, siKa 6 ypaxoByBala HACUYEHHs MAarHiTHUX KiJI, Kpoc-
HAaCUYEHHS Ta BTpaTy B cTasli. Taka Moziesb OTpi6Ha /IS aZIeKBaTHOTO OIIHCY ITEPEeXiJHUX PeXXUMIB B YMOBAaX eKCILIyaTallil CyJHOBUX eHepre-
TUYHUX yCTaHOBOK. CyTh OTPYMaHUX Pe3yJ/IbTaTiB MOJIATAE Y CTBOPEHHI CUCTEMU PiBHAHbD, 1110 ONKCYIOTh €JIEKTPOMATHITHI Ta eJIeKTpoMexaHiu-
Hi IpoLiecH B TATOBOMY aCUHXPOHHOMY ZIBUTYHI 3 ypaxyBaHHSIM HAaCHUEHHSI MarHiTHOTO KoJsia. Mojie/lb MiCTUTh YOTHPH AudepeHIiaabHi Ta
JiBa anre6paiuHi piBHAHHSA, 1[0 3a6€311€9yI0Th TIOBHY KEPOBAHICTh AMHAMIKOIO MAIIMHY Ha JiHIMHMUX i HeIHIHHNX AiITHKAX XapaKTepHUCTHUKN
HaMarHiqyBaHHs. 3aB/ASKH BUKOPHUCTAHHIO METOJy JUHAMIUYHUX iHAYKTUBHOCTEH y MOjeJi BpaXOBaHO B3a€MO3B’ 130K ITOTOKIB i CTPyMiB y
Pi3HMX OCSIX KOOPJMHAT, & TAKOX HeJIiHiitHI 3MiHM mapameTpiB iHAYKTUBHOCTI Iiji BIUIMBOM MarHitHoro HacuiyeHHs. Came 1ii 0co6IMBOCTI
326€e3M1eYMIN MOXJIMBICTh TOYHOTO BiATBOPEHHS pealbHUX (Di3MUHUX IPOIleciB y ABUIYHI, 110 MiATBEp)KeHO CTEHAOBOIO BepHudikalieio Ha
OCHOBI CyZJHOBOI eHepreTHyHoi ycraHOBKU Caterpillar 3516. ITosICHIOIOTBCS pe3y/IbTaTH BUKOPUCTAHHSIM y3araJbHEHOI IIPOCTOPOBOI MOAEJi Ta
JMHAMIYHUX iHAYKTUBHOCTEH, SIKi BiZlo6pa’kaloTh 3MiHHICTh MAarHiTHOTO CTaHy JJBUTYHA IIPU Pi3HUX peXKHMMax HaBaHTaKeHH:. PozpobieHa
MOZiesIb MOxke GyTH BUKOPUCTaHA ITiJi 4ac CUHTe3y CHCTeM aBTOMATUYHOIO KePyBaHHS, aHaJIi3y IepeXiHUX IpOoLeciB, AiarHOCTUKK CTaHy
€JIEKTPOTIPUBO/IB T ONITUMI3ALlii €HEPreTMYHNX YCTAHOBOK. 11 IIPaKTUYHE 3aCTOCYBaHHS MOYKJIUBE 32 yMOB 3a6€3MeUeHH s CTaGiIbHOrO TETLI0-
BOTO PeXXMMY JIBUTYHA, HAasIBHOCTI /JOCTOBIPHUX €KCIIePUMEHTATbHUX AAHUX /I ieHTH(IKaIil mapaMeTpiB HaCYeHHs.

K1ro4oBi c10Ba: aCHHXPOHHUI IBUTYH, €HepreTU4yHa yCTaHOBKA, MaTeMaTU4YHA MOJieJIb, €JIeKTPOMAarHiTHI IIpolecy, AUHaMIivHi iHAyK-
TUBHOCTI.
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IJEHTU®IKANIA TMHAMIYHHX ITPOLECIB CTPYMY MDK®A3ZHOT'O KOPOTKOI'O SAMHUKAHHSA
BITPOT'EHEPATOPA, IITO ITPAITFOE€ B ABTOHOMHOMY PEXXHWMI (c. 36-44)

Gulim Nurmaganbetova, Vladimir Kaverin, Sultanbek Issenov, Gennadiy Em, Yerlan Ualiyev, Elmira Sarsembiyeva,
Zhanara Nurmaganbetova, Zhanat Issenov

OG6’eKTOM JIOCITi/PKEHHS € eJleKTpOMeXaHiuHa JacTHHA BiTpOTypOiHM 3 TOPU30HTAJIBHO PO3TANIOBAHUM Oe3pelyKTOPHUM POTOPOM Ta
TeHepaTopoM 3MiHHOTO CTPYMY HOTY)KHICTIO 710 40 KBT. [locsmipKyBaiack pobsiemMa aHasi3y eJleKTpOMeXaHiYHUX IIPOIIECiB, 0 BiZOyBaIOTHCS
IIiz; 9ac MK¢a3HOro KOPOTKOTO 3aMUKAHHS Y BiTpOTYypOGiHHOMY reHeparTopi.



V cratTi npeAcTaBIeHi pe3y/lIbTaTh TEOPETUUHUX AOCIiKEHb PeXXKUMY KOPOTKOIO 3aMUKaHHS CUJIOBOTO KO0JIa FeHepaTopa 3MiHHOI'O CTPY-
My Ge3pelyKTOpPHOI BiTpOTYp6iHU MOTYXHICTIO 10 40 KBT. AKTYaJIbHICTb JOCTIZPKEHHs 3yMOBJIeHa HEOOXi/IHICTIO MiZIBUIIIEHHS HaZlilTHOCTI Ta
3MeHIIIeHHs aBapiliHOCTi, CIpUYNHEHO] MXK(a3HUMU KOPOTKUMU 3aMUKaHHSIMU y BiTpoTypOiHax.

OG6TI'pyHTOBaHO BUOGIp PiBHAHB /I MaTeMaTUYHOI MOJieJli eJIeKTpOMeXaHiqHOl YacTUHH TypOiHH; po3po6JeHo iMiTaliitHy Mozess 3a Jj0-
nomorolo nakery MATLAB; afgexkBaTHiCTb iMiTaliliHOI MOZieJli OLIiHEHO LUISIXOM IIOPiBHSIHHSA IePeXiJHUX MPOLEeCiB, OTPUMAHUX TEOPETUUHO
Ta eKCIIEPUMEHTAJIFHO Ha JIAG0PaTOPHOMY CTEeH/Ii 32 aHAJIOTiYHMX ITOYaTKOBMX YMOB Ta MOMEHTIB iHepIlil MeXaHi9YHOI YaCTHHU 06epTOBUX
eJIeMEeHTiB poTopa Ta TeHepaTopa BiTpoTypOiHU; IIPOBE/IeHO TeOpeTUYHE JAOCIi/PKEHHS IIepeXiIHUX MPOoLeciB i yac MiXk(pa3HUX KOPOTKUX
3aMUKaHb.

BigminHI prch: 3amrporioHoBaHe piBHAHHS PO3PsiAy €Heprii Ta po3pobsieHa MOJiesIb JO3BOJISIOTh OIIHUTH €HepPreTUYHI XapaKTepPUCTUKHI
BiTpOBOI Typ6iHM 3 ypaXyBaHHSAM JUHAMIYHUX XapaKTEPHUCTUK POTOpa Ta FeHepaTopa, IO Mi/IBUIIye TOYHICTh aHaJIi3y eHePreTUYHHX Xapak-
TEPUCTUK y PeXKUMi MDK(Pa3HOT0 KOPOTKOTO 3aMUKaHHS 0OMOTOK CTaTopa reHepaTopa.

ITpakTUyHe 3HAYEHHS: Pe3yJIbTaT! AOCTIPKEHHS MOXKYTh 6yTH BUKOPHUCTAHI ITPU MTPOEKTYBaHHI, MOZiepHi3aIlil Ta HaJarofKeHHi CCTeM
3aXMCTy BITPOBHX TypOOTeHepaTopiB MOTYXKHICTIO 710 40 KBT.

KirrouoBi ciroBa: BiTpoBa TypG6iHa, reHepaTop, KOPOTKe 3aMHUKaHHsI, MaTeMaTHYHa MO/eJib, iMiTalliliHe MOZIe/II0BaHHsI, JUHAMIUHI 1Ipo-
LIeCH.
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