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Pedepar:

1. O6’eKT mocCiI>)KeHH: epexifHi Ta KBasiyCcTajeHi IPOLeCH BEHTUIbHO-IHIYKTOPHUX CTapTep-TreHepaTopis. MeTa
po6OTH: PO3POO6JIEHHS MAaTEMATUYHOI MOZEI /17151 aHaJli3y PeXXUMIB i OOIpYHTYBaHHS IPUHLUIIIB (POPMYBaHHS
NepeXifiHUX i KBa3iyCTaJI€HUX €JIEKTPOMArHiTHUX IIPOLECIB BEHTUILHO-IHIIYKTOPHUX CTapTEP-T€HEPATOPIB AJIs
IiABUILEHHS iX eHeproedeKTUBHOCTI. MeToau JocifKeHHs. BupilleHHs [10CTaB/leHNUX y JUcepTaliiiHiil po6oTi
3a/1a4 TPYHTYEThCS HA MaTEeMaTUYHOMY, iMiTallilHOMY i pi3MYHOMY MOJE/IIOBAHHI, METOIAX CKIHUEHHUX €JIEMEHTIB,
arpokcuMmaliii 3ajie>kHoCTel iHAyKTUBHOCTI, KOMyTalilHUX QPYHKLiN IepeMUKaHHS, PO3KJIaaHHs epiofAnYHNX
curHaiis B psag, Oyp’e, ynceNbHUX METOLIax 00POOKY pe3ysbTaTiB. TeopeTuyHi Ta IPaKTUYHi pe3yipTaTu. Y
IYcepTaLiliHii po6OoTi BUPILIEHO BAKJIMBE HAYKOBE 3aBJJaHHS PO3POOJIEHHS] MaTEMAaTUYHOI MOZEJ 1J1s1 aHali3y
peXUMiB, BU3HAUYE€HHS NPUHLIMIIB (POPMYBaHHS XapaKTepy NPOTiKaHHS NepexigHuX i KBaziyCcTaaeHuX NpoLeciB

BEHTUJIbHO-iHIYKTOPHUX CTapTEeP-T€HEPATOPIB 3 BpaXyBaHHSIM IIaPAMETPIB €JIEKTPOMEXaHIYHMX [IE€PETBOPIOBAYIB,



CIIPSIMOBAHMX Ha MiJBUIIEHHS X €eHeProeeKTUBHOCTI. BIOCKOHAIEHO MaTEMATUYHY MOZEJIb BEHTUJIBHO-
IHIYKTOPHOTO CTapTep-reHepaTopa 3a paxyHOK pOo3p00JIeHUX JIOTIYHUX BUPA3iB 1111 BU3HAUEHHS CTaHY
HaMiBIPOBiIHUKOBUX €JIEMEHTIB BEHTUJILHOTO IIEPETBOPIOBAYA Ta PiBHSHD 3B'S13KY MiXK iHIIyKTOPHOIO MAIIMHOIO Ta
eJIeMEHTaMU KoJ1a NIOCTiHOTO CTPYMY, BpaxyBaHHsI BTPAT B CTaJi i MEXaHIYHUX BTPAT, 110 AaJI0 3MOTY IOCIiIUTU
0CO0JIMBOCTI KBa3iyCTaJIeHUX i NEPEXiHUX MTPOLIECIB SIK B CTAPTEPHOMY TaK i B FeHEPATOPHOMY PEXKUMAX.
Po3pob6seHo iMiTalliliHi MOzieJli BEHTUIbHO-IHIYKTOPHOTO CTapTep-reHepaTopa, sIKi BpaXxOBYIOTh HEJiHiHICTb
MAarHiTHOi CUCTeMHU, JUCKPETHICTh POOOTH BEHTUJILHOTO IIEPETBOPIOBAYA, MEXaHiYHi BTpaTH, BTPaTH B CTaJli Ta
0OMOTKAX, OCOOJIMBICTb HABAHTAKEHHS [IEPBUHHOTO JBUTYHA TA ITapaMeTpU aKyMyJISITOPHOI 6aTapei. Bniepiue 3a
IOTIOMOTOIO 3aIIPOIIOHOBAHOI MaTeMaTUYHOI MOJieJli HAYKOBO OOTPYHTOBAHO BILJIMB ITapaMeTpPiB BEHTUJIbHO-
iHIYKTOPHOTrO CTapTep-reHepaTopa, akyMyJIITOpHOi 6atapei i oOMesxkeHHs (pa3HOro CTpyMy Ha KBasiycTaseHi Ta
[epexifiHi IpolLlecu B CTApTEPHOMY Ta F€eHepaTOPHOMY pexkumax. Po3po6eHo pekoMeHaauii o10 NpUHLMIIB
KepyBaHHS BEHTUJIbHO-IHIyKTOPHOTO CTapTep-reHepaTopa B CTaAPTEPHOMY PEKMMi, SIKi 3a6€311e4yl0Th He0OXifHi
TPUBAJIICTb IyCKOBUX IIPOLIECiB, BUTPATH €HEeprii akyMyJIITOPHOI 6aTapei Ta 3HU3UTH Pi3Ki cTpruOKU (pa3HUX CTPYMiB
Ta CTPyMiB aKyMyJIITOpPHOI 6arapei. Po3pobsieHo pekoMmeHaalii momo kepyBaHHs BICTI' B reHepaTOpHOMY peXXumi
npy 30yKEHHi i 3MiHi HaBaHTa)KE€HH4, SIKi 3a6e311eYnyy BiIXUIeHHs piBHS BUXigHOI Hanpyru He Ginbuie 1...2 % Bif,
HOMIHQJIBHOTO ii 3Ha4€HH4 1711 BChOTO [ialla30Hy HABAaHTAKE€Hb Ta JO3BOJIUJIM NOCITTU 3MEHIIEHHS TPUBAJIOCTI
nepexifHux rnpouecis. OGrpyHTOBaHO MiHIMaJIbHY BEJIMYMHY €EMHOCTI KOHJIEHCATOpa B KOJIi IIOCTIMHOIO CTPYMY, sIKa
3abe3neyvye BilNOBIOHICTb SKOCTi BUXiHOI HAIIpyT'y reHepaTopa cTanaapraM. Po3po6sieHo JocigHANl
€KCIIEPMMEHTAIbHUH 3Pa30K BEHTUJILHO-IHAYKTOPHOIO CTapTEP-T€HepaTopa Ta MPOBELEHO HOT0
€KCIIEpMMEHTAaJIbHI JOCJiIPKEHHS B CTAPTEPHOMY Ta reHepaTOpHOMY pexkumax. OTpruMaHi poboui xapakTepUCTUKU
BEHTWJILHO-iHAYKTOPHOIO CTapTEP-T€HEPAaTOpa B FEHEPAaTOPHOMY PEXKUMI MiATBEPAXYIOTh €(DEKTHUBHICTh
3aIIPONIOHOBAHUX MIPVHLMIIB PETYJII0BAHHS Or0 BUXiHOI HANPYTM 3MiHOIO MaKCAMAaJIbHOTO 3Ha4€HHS (pa3HOTO
CTpyMy. PesysbTaTu pucepraniiiHoi po60oTu BIIpOBapKeHi B HaBYaIbHUM Npoliec Kadenpy eeKTPOTEXHIKY Ta
eJleKTponpuBoay KuiBCbKOro HallioHaJbHOTO YHIBEpCUTETY OYIiBHUILTBA i apXiTeKTypu Ta Kadenpu
€JIEKTPOMEXaHIYHOr 0 06JIaIHAHHS €HePrOEMHUX BUPOOHMLTB HallioHaJIbHOTO TEXHIYHOTO YHIBEPCUTETY YKpaiHu
«KuiBcokuit ITonitexniynnii Inctutyt iMeHi Irops CiKOpCbKOro» y BUIJIALI MaTEMAaTUYHMX Ta iMiTalilHUX MOZeel,
QJITOPUTMIB PO3PaxyHKy Ta NPUHIUIIIB KEPYBaHHS CTapTeP-T€HEPATOPiB HA OCHOBI BEHTUJIBHO-iHIYKTOPHUX

MalluH.

2. The object of research: transient and quasi-steady processes of switched reluctance starter-generators. The
purpose of research: the development of mathematical model for analysis modes and the substantiation of
transient and quasi-steady electromagnetic processes formation principles of switched reluctance starter-
generators to increase their energy efficiency. Methods of research are based on mathematical, simulation and
physical modeling, finite element methods, approximation of inductance dependences, commutation switching
functions, decomposition of periodic signals in a Fourier series, numerical methods for result processing.
Theoretical and practical results. The important scientific task has been solved in the work: the developing a
mathematical model for analyzing modes, the determining principles of formation the nature of transient and
quasi-steady processes of switched reluctance starter-generators taking into account the parameters of
electromechanical converters, aimed to improving their energy efficiency. Improved mathematical model of
switched reluctance starter-generator due to the developed logical expressions for determining the state of the
semiconductor converter elements and the coupling equations between this reluctance machine and DC circuit
elements, accounted steel and mechanical losses, which made it possible to study the features of the quasi-steady
and transient processes, as in starter, as in generator mode. Simulation models of switched reluctance starter-
generator have been developed, which take into account the nonlinearity of the magnetic system, discrete
operation of the semiconductor converter, mechanical losses, losses in steel and windings, the load of the primary
motor and battery parameters. For the first time, with the proposed mathematical model help, scientifically found
the influence of the parameters of switched reluctance starter-generator, battery and current limitation on the
energy indicators on quasi-steady and transient processes in starter and generator modes. Recommendations for
the principles of switched reluctance starter-generator control in the starter mode were developed, which provide



the required starting processes duration, the battery energy consumption and to reduce the sharp surges of phase
and battery currents. The principles of switched reluctance starter-generators control in generator mode with
excitation and load changes were developed, which provided the deviation of output voltage up to 1...2 % of the
nominal value for the entire load range and allowed to reach the reduction of transient’s duration. Scientifically
found the minimum capacitance value of the DC circuit capacitor, which ensures the accordance of the generator
output voltage quality to the standards. An experimental sample of switched reluctance starter-generator was
developed and its experimental studies in starter and generator modes were carried out. Obtained operating
characteristics of switched reluctance starter-generator in generator mode confirm the effectiveness of proposed
principles of its output voltage regulation by changing the phase current maximum value. The results of
dissertation work were introduced in educational process of the Department of Electrical Engineering and Electric
Drive of the Kiev National University of Construction and Architecture and the Department of Electromechanical
Equipment for Energy-Consumption Industries of the Institute of Energy Saving and Energy Management of the
National Technical University of Ukraine "Igor Sikorsky Kyiv Polytechnic Institute" as a mathematical and
simulation models, calculation algorithms and principles of control of the switched reluctance machines.
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