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Buwnescorkuui /[.J1. TlinBuiieHHs: eEKTUBHOCTI CyAHOBOT €JIEKTPOCTAHIIIT 3
ACMHXPOHHUMU T€HEpPATOPHUMH KOMIUIekcamu. — KBamigikariiina HaykoBa mpars
Ha IIpaBax PyKOIIUCY.

HNuceprtaiiiss Ha 3100yTTS HAyKOBOrO CTymHeHs JoKTopa dimocodii 3a
cnemianpHicTIO 271 — «Mopcbkuii Ta BHYTpIIIHINA BogHui Tpancmopt» (["amy3s
3HaHb 27 — Tpaucnopt). — HamionansHuii yHiBepcutrer «Ojecbka MOpPChKa
akagemisny, Omneca, 2024.

BrnockoHaneHHsT aBTOHOMHHUX CHEPIeTHYHHMX YCTAaHOBOK CYJIEH Ta IHIIUX
TPAHCIIOPTHUX O0'€KTIB, MOKpPAIICHHS I1X TEXHIKO-€KOHOMIYHUX TMOKa3HUKIB €
OCHOBHOIO TE€H/JICHIII€I0 PO3BUTKY CYJHOOYAyBaHHS Ta aBTOHOMHO1 €HEPTeTUKH.

Bubip ontumanbHOro Ckjagy CyAHOBOI €JIEKTPOCTAHIlII 3 MOKpalleHUMU
EKCIUTyaTaliiHUMU SIKOCTSIMH CTIPUSE TIBUIIEHHIO €(EKTUBHOCTI €HEePreTUYHOT
YCTaHOBKH 3arajioM.

Ha mopcbkux cyaax sIK JDKepesia eJeKTPOEHEprii MOUIMPEeHI CHHXPOHHI
TeHepaTOpH, 10 TMOSICHIOETbCS MPOCTOTOI  PETYIIOBaHHS iX  HaMpyru.
baratoBuTkoBa 00MOTKa 30Yy/DKCHHS Ha pOTOPI T€HEpaTropa J03BOJISIE KEpyBaTH
HAMPYro0 CHUHXPOHHOTO TEHepaTopa 3a JOMOMOTOKI BIJHOCHO HEBEITUKHUX
ctpyMiB. Llg mpocroTa BuKIIMKama JBI 1HIN TPOOJEMH: KOHTAKTHI KUIBIS, IO
00epTalOThCS HA POTOPI 1 BEJIMKY 1HIYKTUBHICTh JAHIIOTA 30YKEHHS, 1110 3HAYHO
3HM3WJIO IIBHIKOJII0 CcUCTeMHu crabimizamii Hampyru. CydacHi O€3KOHTaKTHI
CUHXPOHHI Te€HEepaToOpH 31 3BEPHEHUM 30yJHUKOM 1 JI10JjaMHU, 10 OO0epTaroThCH,
JO3BOJIMJIA  YCYHYTH KOHTAKTHI KiNbIlM, TMPOTE 3HAYHO YCKIAMHWIH iX
KOHCTpYKIlito. [IpobreMHMM € BKJIIOYEHHS Ta CTIHKICTh MapajenbHOi poOOTH
CHHXPOHHUX T€HEPATOPiB JI0 CyTHOBOI OararoreHepaTopHOi eIeKTPOCTAHIII].

OmauM 13 mUIAXiB  MOJEPHI3aIlli  eJIEeKTPOCHEPTeTUYHOI YCTAHOBKH €
3aCTOCYBaHHSI aCHHXPOHHUX reHepatopiB (Al') 13 KOHIEHCATOPHUM 30y IPKCHHSIM.
VYrpaBiiHHA Halpyror acCHMHXPOHHOTO TE€HEpaTopa 3AIMCHIOETHCA 32 CTATOPHUM
JIAHITIOTOM HABAHTAXKECHHSI, TOMY 1HEPIIHICTh KaHATIB YIPABIIHHA Ta 00ypeHHS

OJIHAKOBI, 10 JI03BOJISIE peali3yBaTH MPAKTUYHO 1HBAPIaHTHY CUCTEMY CTa01Ti3arlii
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Hanpyru. Jlemndyrodi BIaCTHUBOCTI KOPOTKO3AMKHYTOTO pOTOpa POOJISTH
OaratoreHepaTOpHy YCTAHOBKY CTIMKOIO, 3HIKYIOThCSA OOMIHHI KOJMBAaHHS Ta
yJAapHI MOMEHTH HECHHXPOHHOTO BKJIIOYeHHS. Jl0/1aTKOBI KOHJEHCATOPHI OJIOKH,
HEOOX1H1 11 poOOTHM ACHUHXPOHHHUX T'€HEPaTOpiB, OJHOYACHO KOMIIEHCYIOTh
pPEaKTUBHY MOTYKHICTh CYJHOBOTO HaBaHTaXEHHS, 3HIKY0uU Ha 20 % cTpymH i
BCTAHOBJIEHY MOTY>KHICTh €JIEKTPOre€HEePaTOPIB.

Buxopucranuss Al mnepcnekTHBHE, Tak $K TEXHOJOrli BHUPOOHMIITBA
KOHJICHCATOPIB Ta CUJIOBUX HAIMIBIPOBIIHHWKIB 3HAYHO 3HM3WIM iX BapTICTh Ta
MacorabapuTHI noka3HukKU. HaykoBi jgocnipkeHHs B raiysi po3poOku Al Ta ix
CHCTEM YMPaBIiHHS JO3BOJSATH CHPOCTHTH KOHCTPYKIIIO CYJHOBOTO T€HEepaTopa
3MIHHOTO CTPyMYy, ITOKPAIllUTH €KOHOMIYHI, €JEKTPOTEeXHIYHI Ta JUHAMIYHI
MOKAa3HUKHU MTPU aBTOHOMHIM Ta mapalieibHiil poOoTi.

3B's130K po00TH 3 HAYKOBUMH NMPOrpaMamMu, mjiaHamMm, TeMamu. PoGota
MPOBOJMIACH 3TITHO 3 MOJIOXKEHHAMH TpaHcnopTHoi cTparerii Ykpainu no 2030
poky (KMYVY 30.03.18 p. Ne 430-p).

ABTOp TmpuiiMae y4acTh B JEPKOIOHKETHHX HAYKOBO-IOCHITHUIIBKUX
poboTax kadeapu eneKTpUYHOI 1HXKeHepii Ta enekTpoHiku HY «OMAy.

I. HAP Neo JIP 0116U002392 «IligBuiieHHst e(peKTUBHOCTI pPOOOTH
CYTHOBUX €NEKTPOCHEPreTUYHNX Ta eJeKTpoMexaHiunux cucrem» (2016 — 2020
p.p.). Y 3aKimoYHOMY 3BITi acmipaHT BUKOHAaB migpo3aimm 3.1 — 3.8 B pozmimi 3.
«BAPIAHT [NIEPCITEKTUBHOI KOMITIOHOBKHA CYJHOBOI
EJIEKTPOCTAHIIII».

2. HJIP Ne JIP 01220201978 «Texuomnorii MM IBUIIICHHS
eHeproeeKTUBHOCTI CY/HOBUX EJEKTPOCHEPIEeTUYHUX 1 EJIEKTPOMEXaHIYHUX
YCTaHOBOK», (2022 — 2026 pp.).

Pobora gucepranta 0a3yeTbcs Ha HAYKOBO-AOCHIIHHULBKHX poOoTax
KojekTuBy HarionaneHoro yniBepcutetry «Onecbka MOpChKa» Ta € ix
NPOJOBXKEHHSIM 3 ypaxyBaHHSM CydYyaCHUX JOCATHEHb KOMITIOTEpHOI Ta
HaIlIBIPOBITHUKOBOI TEXHIKH.

MeTo10 A0CTiAKeHHsI € TIIBHUINCHHS eHeproeeKTUBHOCTI CYIHOBOI



€JICKTPOCTAHIIIT 32 paXyHOK BIPOBAKEHHSI ACHHXPOHHUX T'€HEPATOPIB.

OcHoBHA HaykoOBa rimore3a jucepraunii MOJsra€e B JOLUIBHOCTI
BIIPOBA/KEHHSI aCUHXPOHHOI MalllMHU B SIKOCTI T'€HepaTopa 3 KOHJIEHCATOPHUM
30y KEHHSIM B CYJHOBHX €HEPTeTUYHUX YCTAHOBKAX.

I'0/I0BHMM 3aBJAaHHAM HAYKOBOIO JOCJIIKEHHS € MOIIYK e(eKTHUBHHUX
MPUHIIUIIB Ta po3poOKa IU(PPOBUX 3aKOHIB yIPaBIiHHS HAPYTrOl aCHHXPOHHUX
reHeparopis (Al).

JlonomizkHi 3aBIaHHA POOOTH:

1. [Tomryk Ta onTuMmi3zaiiisi cnocody kepyBaHHs Hanpyrowo Al

2. JocmigpxeHHs: 1u(poBUX 3aKOHIB cTalLIi3amii Hanpyru Al

3. Po3poOka mBUAKOAIFOYOTO NaTyrKa Tpra3HOi HAMPYTH.

4. Y nocKkOHaJIeHHs] MaTeMaTUYHOI MOJIeJl KOHJIEHCAaTOpHOro 30y keHHs Al
O06’eKT TOCIIIKeHHS — TIPOIIECH KEPYBaHHS CYTHOBOIO €IICKTPOCTAHIIIEO.
IIpeamer pociigzkeHHs1 — cucteMa UGPOBOro yrpaBiiHHs Harpyroto Al'.

Ha 3axucTt BUHOCATBCS HACTYIIHI HAYKOBI pe3yJibTaTH JAUCEPTAIlii.

1. Briepiiie 3amporoHOBaHUi Ta peani3oBaHuil MU(POBUI CIIOCIO KEpyBaHHS
HAIpyrow AacHUHXpPOHHOTO TeHeparopa, 1o ImepeAdadae IUCKPETHY 3MiHY
€MHICHOTO CTAaTOPHOTO CTPyMy TeHepaTopa NUISIXOM KomyTaiii N OJoKiB
KOHJICHCATOPIB 32 JOTIOMOT'OI0 HAIiBIPOBITHUKOBHUX KIIFOUIB Y MOMEHTH MEPEXOTY
Hanpyrd Ha KJIO4Yax 4Yepe3 Hyllb, /1€ BUKOPUCTOBYIOTH N po3psnHe [BiilKOBe
YUCJIO, PO3PSIIA SIKOTO YIPABJISIOTh KOMYTAINIE€I0 OJIOKIB KOHJIEHCATOPIB, EMHICTh
AKX TMpOMOpIiAHA Ba3l pO3pSAAIB KEpyKUOro 4uuciaa, MpU IOMY YHUCIO
3MIHIOETHCS OJJUH Pa3 3a Mepioji FEHEPYEMOro CTPyMY Ha BEJIMYUHY, IPONOPLIIHY
BIJIXWJICHHIO HAIlPyTy reHepaTopa 3a MOMEpeHIN Mmepioa BiJ 3a1aHOr0 3HAYCHHS
3a BUHSATKOM 30HHM HEYYTJIMBOCTI, IO OibIle BiIXWUJICHHS HAMPYTH T€HEpaTopa,
BUKJIMKAHOTO 3MIHOIO KEPYIOUOTO YMCIIa HA OJUHUIIIO.

2. Bnepuie A0CTiDKCHHH Ta PO3POOJCHUM IIBUIKOMIIOYUN JTaTYUK
Tpua3HOi Hampyru, W00 BHUKOHYE JU(EpPEHLIIOBAaHHSA, BUIIPAMIICHHS Ta
IHTErpyBaHHs (a3HUX HANpPYr IeHepaTopa, SIKUM € 1HBApIaHTHUM JO0 YaCTOTH

CTpyMy, IO JI03BOJISIE BHUMIPIOBATH CEpe/HE 3HA4YCHHS TpUGa3HOi HaNpyru
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BIIPOJIOBXK OJTHOTO MEpIOAY T'€HEPOBAHOI HANPYTH Ta BUKOPUCTOBYBATH HOTO B
CUCTEMI KEpyBaHHS F€HEPATOPOM.

3. YaockoHajleHa MaTeMaTWYHAa MOJENbh EHEPreTUYHOI TEeHEepaTOPHOI
YCTAaHOBKU 3 KOHJEHCATOPHUM 30YKEHHSIM, IO BPaxOBY€ MpPOLIECH KOMYyTaIlii
(dha3HUX KOHJICHCATOPIB KOXKHOT'O PO3PSAAYy IM(POBOro peryiasTropa Ta 0OpaHOTo
3aKOHY KepyBaHHS HANpPYyTOIO FeHEpaTopa.

4. Bmepme [oCHiPKEHI Ta ONTHMI30BaHI 3a IIBUAKOAIEID LHUQPPOBI
OPUHLMIM Ta 3aKOHU KEpyBaHHS HAMpyrol AacHUHXpPOHHOTO TeHepaTropa: 3a
BIJIXWJICHHSIM — IHTETrpajbHUN Ta AuQeEepeHLiiHul, NHIMHUN Ta 3 QopcyBaHHIM
30y5KeHHS; 32 30ypEHHSIM — 10 €JIEKTPUYHOMY HaBaHTAKEHHIO.

IIpakTu4yHe 3HaYeHHS POOOTH MOJISATAE B HACTYITHOMY '

1. Po3pobnenuii Ta 3amaTeHTOBaHHMM cmoOCI0 KepyBaHHSA HaIpPYyrolo
ACUHXPOHHOTO T'eHepaTopa 3 KOHAECHCATOPHUM 30Y/UKCHHSM pealli30BaHMM Ha
EKCIIEpUMEHTAJILHOMY MakeTi MOTyXkHicTio 3 kBT Ta nmocmimkenuii Ha
JIOOTIPAIbOBAHIM KOMIT'IOTEPHIM MOJENI CYyJHOBOTO I'€HEPATOPHOTO KOMILICKCA.
JlocmimKkeHHsT TOKa3ajdu CHIBHNAAIHHS PO3PAaXYHKOBHX Ta EKCIEPUMEHTATHHUX
pe3yibTaTiB.

2. JocnmiykeHHsT TUIIOBUX NEPEXITHUX MPOLECIB Yy PO3pOOJIEHIH cHCTEMI
KepyBaHHS HANpyrol TMOBHICTIO BIAMNOBIJAIOTH BHUMOraM MIDKHApOJIHUX
CrangaptiB 1 Mopcekoro Perictpy CyaHomiiaBcTBa A0 MapaMeTpiB MEPexigHUX
MpoIeCiB y CymHOBIN enekTpocrtanitii. [lIBuakomiss kommeHcarii JMHAMIYHHX
BIIXWJIEHb HANpPyrW TpPH  KOMYTallii TUNOBOTO  aKTHBHO-1HIYKTHBHOTO
HABAaHTAKEHHS CYJHOBOI €JIEKTPOCTaHLIi 3 aCHHXPOHHHUM T€HEpPaTOPOM CKJIAJa€e
2..5 mepioiiB CTpyMy, IO B JECSATKU pa3iB MEHINE, HIK B €JIEKTPOYCTAaHOBKAaX 3
CHHXPOHHUMH T€HEPATOPaAMH.

3. JloompairoBaHHsi MaTeMaTUYHOI MOJENI T€HEPaTOPHOIO KOMIUIEKCY 3
KOMYTOBaHUMHU OJIOKAMH KOHJICHCATOPIB JO3BOJIJIIO JIETAIbHO JIOCHIIKYBaTH
NpOIECH KOMIICHCAIlli PEaKTUBHOI TMOTYXKHOCTI HABAaHTAXEHHS  CYJIHOBOI
eNIEKTPOCTaHIlli, Ta TOYHINIE aHai3yBaTH MpolecH cTabimi3amii Hampyru

reHeparopa 3 pisHUMHU AITOPUTMAMH YIIPABIIiHHS.
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4. JlocnipKeHHS Ta peaizallis Jaryvdka TpudaszHoi HAIpyru Ha JEHIeBOMY
KOHTpOJIEP], SIKUH BHMIPIOE CEpPEIHE 3HAUEHHS HAMpPYyrd B poOOUOMY Jiama3oHi
Y4acTOT BIIPOJIOBXK OJTHOTO MEPIOAY, JAO3BOJISIE peai3yBaTH IIBUJIKOII0Yl CUCTEMU
KEepyBaHHs HAIIPYrolO CyIHOBOI €J1eKTPOCTAHIII].

5. Po3po0riena cucrema 30yKeHHS Ta cTaOuTi3aIlil HAmpyTryd aCHHXPOHHOTO
IrCcHCpaTopa MOXKC 3HAUTHU IMUPOKE BIPOBAIKCHHA B CYJHOBUX, TPAHCIIOPTHUX Ta
THITUX aBTOHOMHUX €JIEKTPOYCTAHOBKAX MaJIOl Ta CEPEAHBOI MOTYKHOCTI, y TOMY
YUCJI Ha MaJIUX TiIpO Ta BITPOTEHEPATOPHUX YCTaHOBKAX.

OcHOBHI HayKoOBi pe3yJbTaTH ONMy0JIiKOBaHi:

1. Bumnesckuii J1.JI. LudpoBoil peryndarop HampsKeHUS ACHUHXPOHHOIO
re’Heparopa // DNeKTpOTeXHUUYECKHE U KOMIbIoTepHbIe cucTembl. — K.: TexHuka.
—2014. — Ne15(91). — C. 277 — 281.

2. Bumnesckuii J[.JI. OnTumuzanus 3akoHa peryJMpPOBAHUS HAMNPSHKEHUS
aCMHXpPOHHOTO TeHepaTopa // DHeprocOepekeHnue. JHepreTuka. JHEproayur .
—2014. — Ne12(131). — C. 40 — 46.

3. Vyshnevskyi L., Mukha M., Vyshnevskyi O., Vyshnevskyi D. Voltage
Sensor of the Autonomous Generating Set // 2020 IEEE Proceedings of 15th
International Conference on Advanced Trends in Radioelectronics,
Telecommunications and Computer Engineering (TCSET-2020), Lviv-Slavske,
Ukraine, February 25-29, 2020. — DOI: 10.1109/TCSET49122.2020.235525. —
IEEE Xplore Digital Library.

4. VVyshnevskyi L., Mukha M., Vyshnevskyi O., Vyshnevskyi D. Measuring
the Voltage of a Three-Phase Circuit in a Generator Set Control System //
TransNav, the International Journal on Marine Navigation and Safety of Sea
Transportation,2021.-VVol.15.— No. 4. — doi:10.12716/1001.15.04.21.— pp.877-881.

5. Vyshnevskyi L., Mukha M., Vyshnevskyi D. Discrete-Pulse Voltage
Control of an Asynchronous Generator // 2021 IEEE International Conference on
Modern Electrical and Energy Systems (MEES), Kremenchuk, September 2021.
DOI:10.1109/MEES52427.2021.9598478, https://www.researchgate.net/publicatio
n/356279404 Discrete-Pulse_Voltage_Control_of an_Asynchronous_Generator
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6. Vyshnevskyi L., Mukha M., Vyshnevskyi D., Drankova A. Discrete Laws
of Capacitor Control of Asynchronous Generator Voltage // 15th International
Conference on Marine Navigation and Safety of Sea Transportation TransNav
2023 Conference, 21-23 June 2023. Gdynia, Poland. — http://transnav.umg.edu.pl/.

7. Iarent Nel13039 C2, UA, H02P9/46, Croci6 kepyBaHHS HAIpyTrorO
aCHHXPOHHOTO0 reHeparopa // Bumnescekuii JI.B., Bumnescekuit JI.JI. / Omy06i. B
brom.Ne 22 . — 25.11.2016.

Oco0ucTnii BHECOK 3100yBaua.

Hayxkogi niparti [1] Ta [2] BUKOHAHI CaMOCTIIHO.

VY HaykoBHX po0OOTax, skl OmyOJIKOBaHI y CHIBaBTOPCTBI, IUCEPTAHTY
0COOMCTO HAJICKUTH HACTYIIHE!

[3] Ta [4] — MozenOBaHHSI Ta MaKETyBaHHS 3alpPOIIOHOBAHUX CIIOCOOIB Ta
CXeM JaTyuka TpuQa3Hoi HalpyTH;

[5] ta [6] — mnporpaMmyBaHHS KOMII IOTEPHOI MOJIeTi TEHEPATOPHOIrO
KOMILJIEKCY, aHaJli3 Ta MOPIBHSHHSA PE3yJIbTAaTiB MOJICIIOBAHHS CIIOCOOIB Ta 3aKOHIB
KEepyBaHHS,

[7] — narenTHMiII mONmIYK, MOJIENIOBaHHS, pPO3pOOKA Ta HAJAIITYBAHHS
EKCIIEPUMEHTAJIbHUX MAKETIB PEryJsiTOpa HalPYTH.

Amnpo0auisi, yuactb B KOH(pepeHIisx.

1. Bummescekmii JJI, Myxa M.J. IlepcneKTHBM BHKOPHUCTaHHS
KOH/ICHCATOPHOI CHCTEMH YIPaBIIHHS B CKJIaJl CYAHOBOI eJleKTpocTaHuii //
Marepianu X MDKHapoJIHOI HayKOBO-TeXHIYHOI KoHpepeHiii «CynHoBa
CJICKTPOIHXKEHEPIs, eJeKTpoHika 1 aBTomaTukay, Opeca: HY «OMAy, 2020. —
C. 48-49. — DOI:10.31653/2706-7874.SEEEA-2020.11.1-245.

2. Bummnescobkuii [.JI., Myxa M.J. ExcriepuMeHTanbHl  TOCHIIKEHHS
MPOIIEeCiB cTadLIi3alii HAMmpyTru acHHXPOHHOTO TeHepatopy // Marepiamm X1
MDKHApPOJIHOT HAyKOBO-TeXHIYHOI KOHGepeHIii «CyaHoBa eNeKTpOIHXKEHepis,
eJeKTpoHika 1 aBTtoMmatuka», Opneca: HY «OMAy», 2021. — C. 55-57. -
DOI:10.31653/2706-7874.SEEEA-2021.11.1-238.

3. Bumnescekuit [[.J1., kepiBauk Myxa M.U. JlaTunk Hanpyru aBTOHOMHO1


http://transnav.umg.edu.pl/

8

reHepaTopHoi ycraHoBku // Martepianu Il HaykoBo-TexHIYHOi KoHpepeHIi
MosIoguX BYeHMX «IHHOBalli Ta TEXHOJOri HAa MOPCHKOMY Ta BHYTPIIIHbOMY
BOJHOMY TpaHcnopti», Oneca: HY «OMAy, 2023. — C. 18-20.

4.Vyshnevskyi L., Mukha M., Vyshnevskyi D., Drankova A., Borysenkov |I.
Discrete-pulse Control of Reactive Power Compensation in Ship Power Plants //
2024 1EEE 6th International Conference on Modern Electrical and Energy Systems
(MEES), Kremenchuk Mykhailo Ostrohradskyi National University, Ukraine,
September 18-21, 2024. — https://mees.ieee.org.ua.

BrnpoBamxxeHHsI 1UCEPTALINHOIO TOCTIIKEHHS.

HaykoBi pe3ynbTaTé poOOTHM BIPOBA/KEHI B PEKOMEH[Allli Ta BUCHOBKHU
JEP>KOIOKETHUX HAYKOBO-IOCTIAHUIIBKUX POOIT Kadeapu eNeKTpUIHOI 1HXKeHepii
ta enektpoHiku HY «OMA»: HJIP Ne JIP 0116U002392 «IlinBumieHHs
e(eKTUBHOCTI pOOOTH CYJHOBUX EJIEKTPOCHEPTETUUHUX Ta €JICKTPOMEXaHIYHUX
cuctem» (2016 — 2020 p.p.) ta HAP Ne JP 01220201978 «Texuonorii
NIJBULIEHHS  €HEProe(EeKTUBHOCTI  CYAHOBUX  €JIEKTPOEHEPreTUYHUX 1
SJIEKTPOMEXaHIYHUX YCTaHOBOK» (2022 — 2026 pp.).

Excnepumentaneuuii  creHn  AlT  Ta  3amporpamMoBaHi  KOHTPOJIEpH
BUKOPUCTOBYIOTBCS B JOCHIKECHHSX CHCTEM KOHJICHCATOPHOTO 30YKCHHS
TeHEepaTopiB Ta B CUCTEMax KOMIICHCAIlll PEaKTUBHOI MOTY>KHOCTI HaBaHTaKCHHS
CYJHOBOI €JIEKTPOCTAHIII].

Po3pobnieni maremaTudHi Ta KOMIT IOTEpHI MOJENI BUKOPUCTOBYIOTHCS B
HaBYAJILHOMY IPOIIEC] MATOTOBKK MAariCTPiB YHIBEPCHUTETY.

HaykoBi pexomeHmamii aucepTaHTa BpaxOBYIOTHCS CYAHOIUIABHUMH Ta
CYIHOOYIIBHUMHM KOMTIAHIIMH TIPH 3aMOBJICHHI, MPOEKTYBaHHI, €KCIUTyaTallii Ta
PEMOHTI CY/IEH.

CTpykTypa Ta o0csir quceprauii. J{uceprarisi CKIIaga€ThCs 3 BCTYITY, I SITH
PO3iTiB, BUCHOBKIB, MEPEIIiKy BUKOPUCTAHUX JDKEPEN Ta A0aTKIB.

OOcsar puceprauiiiHoi  poOOTHM  CTAaHOBUTH 154  CTOpIHKM, MEperiK

BUKOpPUCTAHUX JuKepen i3 108 HaliMmeHyBaHb, 3 noaartka , 60 pucyHKiB, 4 Ta0wii.



ABSTRACT

Vyshnevskyi D. "Improving the efficiency of ship power plants with
asynchronous generator complexes."

Qualification research paper presented as a manuscript. Dissertation for the
degree of Doctor of Philosophy in the specialty 271 — "Marine and inland water
transport” (Field of knowledge 27 — Transport). National University "Odessa
Maritime Academy", Odesa, 2024.

The improvement of autonomous power plants of ships and other transport
objects and the enhancement of their technical and economic indicators is a major
trend in the development of shipbuilding and autonomous power engineering.
Selecting the optimal composition of a ship's power plant with improved
operational qualities enhances the overall efficiency of the power plant.

On marine vessels, synchronous generators are commonly used as power
sources due to the simplicity of regulating their voltage. However, this simplicity
has led to other challenges, such as rotating contact rings on the rotor and high
inductance of the excitation circuit, which significantly reduces the response speed
of the voltage stabilization system. Modern contactless synchronous generators
with reverse excitation and rotating diodes have eliminated contact rings but have
significantly complicated their design. The inclusion and stability of the parallel
operation of synchronous generators in multi-generator ship power plants remain
problematic.

One way to modernize the power plant is to use asynchronous generators
(AG) with capacitive excitation. Voltage control of an asynchronous generator is
carried out by the stator load circuit, allowing an almost invariant voltage
stabilization system to be implemented. The damping properties of a squirrel-cage
rotor make the multi-generator installation stable, reducing exchange oscillations
and impact moments of non-synchronous inclusion. Additional capacitor blocks
required for the operation of asynchronous generators simultaneously compensate

for the reactive power of the ship's load, reducing currents and the installed power
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of electrical generators by 20%.

The use of AGs is promising because capacitor and power semiconductor
production technologies have significantly reduced their cost and size-weight
characteristics. Scientific research in the field of AG development and their control
systems will simplify the design of a ship's AC generator and improve its
economic, electrical, and dynamic performance during autonomous and parallel
operation.

Research Connection with Scientific Programs, Plans, and Topics. The
work was carried out in accordance with the provisions of Ukraine's Transport
Strategy until 2030 (Cabinet of Ministers of Ukraine, March 30, 2018, No. 430-p).
The author participates in budget-funded scientific research projects of the
Department of Electrical Engineering and Electronics at the National University
"Odessa Maritime Academy."

Research Project No. DR 0116U002392 "Improving the Efficiency of Ship
Power Plants and Electromechanical Systems" (2016—2020). The graduate student
completed sections 3.1 — 3.8 in Chapter 3 "Option for a Prospective Ship Power
Plant Layout."

Research Project No. DR 0122U201978 "Technologies for Improving the
Energy Efficiency of Ship Power Plants and Electromechanical Systems™ (2022—
2026).

The research work of the dissertation is based on the scientific research
carried out by the team of the National University "Odessa Maritime Academy"
and continues it, taking into account modern achievements in computer and
semiconductor technology.

Research Objective: The aim is to improve the energy efficiency of a ship's
power plant through the implementation of asynchronous generators.

Scientific Hypothesis: The dissertation's main scientific hypothesis is the
feasibility of implementing an asynchronous machine as a generator with
capacitive excitation in ship power plants.

Main Research Task: Search for effective principles and develop digital
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voltage control laws for asynchronous generators (AG).
Auxiliary tasks:
1. Search and optimization AG voltage control methods.
2. Study of digital laws of AG voltage stabilization.
3. Development of a high-speed three-phase voltage sensor.
4. Improvement of the mathematical model of capacitive excitation AG.
Object of Study: processes of managing a ship's power plant.
Subject of Study: digital voltage control system for AG.

Scientific results submitted for defense:

1. For the first time, a digital method for controlling the voltage of an
asynchronous generator is proposed and implemented, involving discrete changes
in the capacitive stator current of the generator by switching N capacitor blocks
using semiconductor keys at moments when the voltage across the keys crosses
zero. An N-bit binary number controls the switching of the capacitor blocks, whose
capacitances are proportional to the weights of the control number bits. The
number changes once per period of the generated current by an amount
proportional to the deviation of the generator voltage from the set value during the
previous period, excluding the dead zone where the voltage deviation caused by
changing the control number by one unit is greater.

2. For the first time, a high-speed three-phase voltage sensor was
developed that performs differentiation, rectification, and integration of the
generator's phase voltages. It is invariant to current frequency, allowing it to
measure the average value of the three-phase voltage during one period of
generated voltage and use it in the generator control system.

3. The mathematical model of the energy-generating installation with
capacitive excitation is improved, considering the processes of switching the
phase capacitors of each digit of the digital regulator and the chosen generator
voltage control law.

4. For the first time, digital principles and laws for controlling the voltage

of an asynchronous generator were investigated and optimized for speed: by
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deviation — integral, differential linear, and excitation-boosting; by disturbance —
by electrical load.
Practical significance of the study:

1. The developed and patented method of controlling the voltage of an
asynchronous generator with capacitive excitation was implemented on an
experimental model with a capacity of 3 kW and tested on an improved computer
model of the ship generator complex. The studies showed a match between the
calculated and experimental results.

2. The study of typical transient processes in the developed voltage control
system fully meets the requirements of International Standards and the Maritime
Register of Shipping for the parameters of transient processes in a ship power
plant. The speed of compensation for dynamic voltage deviations when switching a
typical active-inductive load of a ship power plant with an asynchronous generator
Is 2-5 current periods, which is tens of times less than in installations with
synchronous generators.

3. Refinement of the mathematical model of the generator complex with
switched capacitor blocks allowed for a detailed study of the processes of
compensating the reactive power of the ship's power plant load and a more
accurate analysis of the voltage stabilization processes of the generator with
different control algorithms.

4. The development and implementation of a three-phase voltage sensor on a
low-cost controller that measures the average voltage value in the working
frequency range within one period makes it possible to implement high-speed
voltage control systems for a ship's power plant.

5. The developed excitation and voltage stabilization system for the
asynchronous generator can be widely applied in ship transport and other
autonomous power installations of small and medium capacities, including small
hydro and wind generator installations.

Scientific results published:

1. BummneBckuii J[.JI. I{udpoBoii perynsatop HanpspKeHHS aCHHXPOHHOTO
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reHepaTopa // DJIeKTpoTeXHUYECKHEe U KoMIbloTepHble cucTeMbl. — K.: TexHuka.
—2014. — Ne15(91). — C. 277 — 281.

2. Bumnesckuii J[.JI. OnTumusanus 3akoHa peryJIMpOBAHUS HANPSHKEHUS
ACHHXPOHHOTO TeHepatopa // DHeprocOepexeHue. DHEpreTuka. DHEproayaur .
—2014. — Nel12(131). — C. 40 — 46.

3. Vyshnevskyi L., Mukha M., Vyshnevskyi O., Vyshnevskyi D. Voltage
Sensor of the Autonomous Generating Set // 2020 IEEE Proceedings of 15th
International Conference on Advanced Trends in Radioelectronics,
Telecommunications and Computer Engineering (TCSET-2020), Lviv-Slavske,
Ukraine, February 25-29, 2020. — DOI: 10.1109/TCSET49122.2020.235525. —
IEEE Xplore Digital Library.

4. Vyshnevskyi L., Mukha M., Vyshnevskyi O., Vyshnevskyi D. Measuring
the Voltage of a Three-Phase Circuit in a Generator Set Control System //
TransNav, the International Journal on Marine Navigation and Safety of Sea
Transportation,2021.—Vol.15.— No. 4. — doi:10.12716/1001.15.04.21.— pp.877-881.

5. Vyshnevskyi L., Mukha M., Vyshnevskyi D. Discrete-Pulse Voltage
Control of an Asynchronous Generator // 2021 IEEE International Conference on
Modern Electrical and Energy Systems (MEES), Kremenchuk, September 2021.
DOI:10.1109/MEES52427.2021.9598478, https://www.researchgate.net/publicatio

n/356279404 Discrete-Pulse Voltage Control of an Asynchronous Generator

6. Vyshnevskyi L., Mukha M., Vyshnevskyi D., Drankova A. Discrete Laws
of Capacitor Control of Asynchronous Generator Voltage // 15th International
Conference on Marine Navigation and Safety of Sea Transportation TransNav
2023 Conference, 21-23 June 2023. Gdynia, Poland. — http://transnav.umg.edu.pl/.

7. Iarent Nel13039 C2, UA, HO02P9/46, Crnoci6 kepyBaHHSI HaIpyroro
acCMHXpOHHOTO reHeparopa // Bumnescrkuii JI.B., Bumnescrkuii J1.JI. / Omy6. B

bron.Ne 22 . — 25.11.2016.
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Personal contribution of the author.

The scientific papers [1] and [2] were completed independently.

In scientific papers published in co-authorship, the following are the
personal contributions of the dissertation author:

[3] and [4]: Modeling and prototyping of the proposed methods and circuits
of the three-phase voltage sensor;

[5] and [6]: Programming of the computer model of the generator complex,
analysis, and comparison of simulation results of control methods and laws;

[7]: Patent search, modeling, development, and adjustment of experimental
prototypes of the voltage regulator.

Participation in conferences.

1. Bwummuescekuit /.JI., Myxa M.I. IlepciekTMBM  BUKOPUCTaHHS
KOHJICHCATOPHO1 CHUCTEMHU YIPABIIHHA B CKJIaal CYJHOBOi €IeKTPOCTaHIil //
Marepianu X MDKHapoJIHOI HayKOBO-TeXHIYHOI KoHbepeHiii «CynHoBa
€JIEKTPOIHXKEHEPIs, €NEeKTpoHIKa 1 aBTomaTtuka», Omeca: HY «OMA», 2020. —
C. 48-49. — DOI:10.31653/2706-7874.SEEEA-2020.11.1-245.

2. Bumnescbkuit J[.JI., Myxa M.J. ExcniepumeHTanbHl  JOCHIIKCHHS
IpoLeciB cTallIi3alii Hampyru acMHXpOHHOTO reHepatopy // Marepiamm X1
MDKHApPOJIHOT HAyKOBO-TeXHIYHOI KOHGepeHIii «CyaHoBa eNeKTpOIHXKEHepis,
eJeKTpoHika 1 aBTtoMmatuka», Opneca: HY «OMAy», 2021. — C. 55-57. —
DOI:10.31653/2706-7874.SEEEA-2021.11.1-238.

3. Bumnescekuii J1.J1., kepiBHUK Myxa M.J. Jlatunx HaIlpyru aBTOHOMHOI
reHeparopHoi ycraHoBku // Marepianu Il HaykoBo-TexHIYHOI KOH(pepeHIli
Mosiofux BYeHUX «IHHOBalli Ta TEXHOJOrii HAa MOPCHKOMY Ta BHYTPIIIHHOMY
BOAHOMY TpaHcnopTi», Oneca: HY «OMA», 2023. — C. 18-20.

4.Vyshnevskyi L., Mukha M., Vyshnevskyi D., Drankova A., Borysenkov .
Discrete-pulse Control of Reactive Power Compensation in Ship Power Plants //
2024 IEEE 6th International Conference on Modern Electrical and Energy Systems
(MEES), Kremenchuk Mykhailo Ostrohradskyi National University, Ukraine,
September 18-21, 2024. — https://mees.ieee.org.ua.
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Implementation of dissertation research.

The scientific results of the work are implemented in the recommendations

and conclusions of budget-funded scientific research projects of the Department of
Electrical Engineering and Electronics at NU "OMA™:
1. Research project No. JIP 0116U002392 «IligBuiieHHs eheKTUBHOCTI poOOTH
CYJIHOBHMX €JIEKTPOCHEPIeTUYHHUX Ta eJIeKTpoMexaHiuHux cuctem» (2016 —2020)
2.Research project No. JP 01220201978 «TexHonorii  miJBHIICHHS
eHeproeeKTUBHOCTI CYIHOBUX EJIEKTPOCHEPTETUYHUX 1 EJICKTPOMEXaHIYHUX
ycTaHOBOK» (2022 — 2026)

Experimental AG stand and programmed controllers are used in research on
capacitor excitation generator systems and reactive power compensation systems
for ship power plant loads.

The developed mathematical and computer models are used in the training
process for preparing university master's students.

The scientific recommendations of the dissertation author are considered by
shipping and shipbuilding companies in the design, operation, and repair of ships.

The structure and scope of the dissertation. The dissertation consists of an
introduction, five chapters, conclusions, a list of used sources and appendices.

The volume of the dissertation is 154 pages, a list of used sources from 108

items, 3 appendices, 60 figures, 4 tables.
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