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CAMO3AITYCK CHHXPOHHMX JIBUT'YHIB 3 KOMITEHCALIEFO IHEPLIIMHOCTI
KOHTYPY 3bYI’KEHHSA

Y pobomi eupiwena axmyanvua naykosa 3adaua, sKka noiseac 8 po3pooyi, meopemuyHux ma
EeKCNePUMEHMATLHUX OOCTIONCEHHSX NPUCTIPOI8 00 CAMO3ANYCKY CUHXPOHHUX OBUSYHIE 3 KOMNEHCaYi-
€10 IHepyitiHocmi KOHMypy 30y0oicennsi. Memor pobomu € nio8uueHHs: HAOTUHOCME PENCUMY CAMO3a-
NYCKY CUHXPOHHUX OBUZYHI6 BIONOBIOANbHUX MEXAHI3MIE 071 30epedcenHs Oe3nepepeHOCMI CKAAOHUX
mexHon02iyHux npoyecie. Ompumani po3paxynkogi 3anexcHocmi pexcumie camosanycky CUH npu ea-
CIHHI MA2HIMHO20 NOJA 34 PAXYHOK BMUKAHHS EMHICHUX HaAKonuuyeauie euepeii. Pospobaenuil npu-
cmpiii 0na camosanycky CI nomyoscnicmio 1000 kBm npusody nacocunoeo acpezamy 3 €HE eénposa-
00ICEHO HA HACOCHIU cmanyii [{HInposcvkoeo memanypeitinozo kombinamy. llpayezoamuicmes po3poo-
JIEHO20 NPUCMPOIO HE 3aNedHCUMb 8i0 HASABHOCI HANpYeU, KA JHCUBUMb CUCHEMY 30Y0dCeHHs ) pe-
HCUMI CAMO3ANYCKY.

Knrouosi cnosa: cunxpounutl 08UcyH, Camo3anyck, EMHICHULL HAKONUYYBAY eHepeiil

The actual scientific problem is solved in the work, which consists in the development,
theoretical and experimental researches of devices for self — starting of synchronous motors with
compensation of inertia of excitation circuit. The aim of the work is to increase the reliability of the
self-starting mode of synchronous motors of responsible mechanisms to maintain the continuity of
complex technological processes. The calculated dependences of the self-starting modes of SD when
extinguishing the magnetic field due to the inclusion of capacitive energy storage devices are
obtained. The developed device for self-starting of the SD with a capacity of 1000 kW of the drive of
the pump unit with ENE is implemented at the pumping station of the Dnieper metallurgical plant. The
efficiency of the developed device does not depend on the presence of voltage that supplies the
excitation system in the self-starting mode.

Keywords: synchronous motor, self-starting, capacitive energy storage.

IocranoBka nmpodiaeMu

CydacHi cicTeMH eleKTporocTadaH s BOJIOAIIOTh BUCOKUM CTYNEHEM HaJIMHOCTI 3a HasIBHOCTI pe-
3€pBYBaHHS CIIEMEHTIB CUCTEM EJIEKTPOIIOCTAYaHHsI, 3aCTOCYBaHHsI 3aC00IB PEICHHOrO 3aXUCTY 1 IIBHIKO-
TiI0401 aBTOMATHKH, L0 POOUTH BTPATY EIEKTPOXKUBIICHHS CIIOKUBAYIB IOCUTH P1IKICHOIO MOI€IO0.

Onnak, y BUNAAKY NPUPOJHMX KaTacTpod i CTUXIHHMX JIMX TEpPEPBH EIEKTPOXKUBIICHHS MOXYTh
CIIPUYMHHUTH TPHUBAJI MOPYLICHHS TEXHOJOTIYHMX TPOLIECIB, BENMKI MaTepiaibHi BTPATH, a B PA/i BUIAIKIB
MOXKEXI1 1 BHOYXH, 1110 MOYKE TIPU3BECTH JI0 TEXHOTEHHUX KaTacTpod.

VY mux yMOBaXx /ISl KMBJICHHS BiIIIOBITAIBHUX €IEKTPONPHUBOIIB MEXaHI3MIB, HAMPHKJIIA, IAXTHHUX
BEHTHJISITOPIB, BOJOHACOCHUX CTaHLIM HEOOXiHO 3aCTOCOBYBATH PEKUM CAMO3AITyCKy CHHXPOHHUX JBHTY-
HiB (C/I). 3acTocyBaHHS IMITyJIbCHOOYTOBHX KOMYTaTOpIiB Ta aBTOMATIB TaCiHHS MOJS Y OE3KOHTAKTHUX CTa-
THUYHUX CHCTeMax 30yKEHHS € HEOLUIBHAM Yepe3 MOKIIMBICTh TIepEHAIPYKESHHSL.

ToMy aKkTyanbHOIO TEXHIYHOIO 33/1a4€l0 € pOo3pOO0Ka CXEMOTEXHIUHUX PillleHb, SIKi 3a0e3medy-
I0Th HaJiHHICTh pexuMy camosamycky CJI.
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AHaJI3 0CTaHHIX JOCTIIKeHb Ta MyOTiKanii

BimmiaHoro ocobnusictio [1] camozanycky C/l € oquHOUHME 200 TPYHOBUI BUOIT 3 HACTYITHUM PO-
3rOHOM TIPH BiTHOBJICHH] €NEKTPOKUBIIEHHS. [I[pnuoMy B MOMEHT BiITHOBJIEHHS €IEKTPOKUBIICHHS Psi ABHU-
T'yHIB 200 1X 3HAYHA YaCTHUHA Ma€ KyTOBY IIBUAKICTb, SIKa BIIPI3HAECTHCS Bill HYJIS, IO SIK MPABUIIO, 3a0e31e-
4ye MiBUILIEHI MOMEHTH OOepTaHHA B MOPIBHSHHI 3 IYCKOM 3 HEPYXOMOI'O CTaHy IPH OZHOMY 1 TOMY X
3Ha4YeHHI HAIIPYyTH >KUBJIEHHA. 3a3Buyaii camo3amnyck C/ BinOyBaeThes MPH HABAaHTAXKEHNX MEXaHi3Max, 10
MPU3BOANTD A0 30UTBIIEHHS TPHBAJIOCTI PO3TOHY Yepe3 3HUKEHOI HAaIlpYyTH B Tiepiof Horo BimHoBIeHHs. Ha-
sBHICTH 30ymkenHs y C/] mpu HeCHHXpOHHOMY BBIMKHEHHI MO)KE BHUKJIMKATH 3Ha4YHI CTPYMH CTaTopa Ta
EJIEKTPOMArHiTHOr0 MOMEHTY, II0 HeOe3MEeYHO I IBHUTYHIB. TOMy HAiOUTBII ONTUMATBHHUMH YMOBaMU
CaMO3aIycKy € MiHIMAIBHUIA CTPYM BKJTIOUEHHS 1 MAKCUMAITBHO MOYKJIMBHH BX1THUI MOMEHT.

s oOMeXeHHs MHaMIYHIX HaBaHTAKEeHb HEOOXIHO MaTH MOXJIMBO MEHIIIE 3HaYEeHHS €.p.C. CTa-
Topa CJ1 3 MeTor0 0OMEXEHHS CTpyMy BKJIIOUEHHSI, 10 MOXKE OYTH JOCATHYTE 3aCTOCYBaHHSM Pi3HHX CIO-
co0iB 1 3aco0iB raciHus noms [2, 3, 4], 30UTbIIEHHSIM Yacy BBEACHHS aBTOMaTHYHOTO TIOBTOPHOTO BKITIOYEH-
Hs (AIIB) abo aBTOMaTHUHOTO BKITIOUEHHS pe3epBy (ABP) [5, 6, 7].

HominanbHo 3aBanTakeni CJ1 micist BUBOY X 3 CHHXPOHI3MY, SIK IPAaBUJIO, CAMOCTIHHO HE PECHHXPOHI-
3YIOTECA [S, 6, 7], 110 MOB'SI3aHO 3 3yIMMHKAMH BiTIOBINAIEHUX MEXaHI3MIB, TIOPYILEHHAM Oe3MepepBHOCTI TeX-
HOJIONYHMX MPOLIECIB 1 3HAYHUM EKOHOMIYHMM 30uTKOM. [IpoTe, 11t ycminHoro caMo3arycky B yMOBax Bif-
HoBiieHHs1 Harpyry C/] MOBHHHI MaTH Ha/UTUILIKOBHI MOMEHT, 1110 MOKJIMBO JOCSTTH MPU MiHIMAIBHO MOX-
JIMBOMY Yaci IEPEPBH €NEKTPOKUBIICHHSL.

DopMy.IIOBAHHS METH T0CTiKEHHS

Mera nocmiHKkeHHs] — MiABUIICHHS HaAIMHOCTI peXXUMY CaMO3aIlyCKy CHHXPOHHMX JBUTYHIB Bil-

MOBigaIbHUX MEXaHI3MIB [T 30epeskeHHsI Oe3MepepBHOCTI CKIIAIHUX TEXHOJIOTYHMX MPOLIECIB.
Buxuiag ocHoBHOro Marepiany

OmuH 3 po3polIIeHNX BapiaHTIB MpUcTporo 30ymkenHs CJl, sikuii 3a0e3neuye pesxumu GopcyBaHHs
CTpyMy i racinHs oy, npuBeneHnii Ha pric. 1 [10]. [Ipn cHHXpOHHOMY X0/l IBUTYHA CTPYM Y KOHTYpI 30y-
JDKCHHST BU3HAYAETHCS TIOYATKOBOIO YCTABKOIO 30yKyBaya.
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Kpim toro, nakormmayBau eHeprii (HE) orpumye mimsapsin Bin 30ymkyBada. Ha Omok noriku (BJI)
HaJIXOIUTh CUTHAJ BiJ] OXiJHOI TOTYXHOCTI 10 KyTy HaBaHTaxkeHHs1 UP, sSIKuii y BiTHOCHUX OJMHUIIAX TIPO-
MOPLIHHMIA TOXIHOI Bil MOMEHTY 1O KyTy HaBaHTaxeHHA. OcHOBHOIO (hyHKUi€0 BJI siBsieThesl BU3HAUEH-
HSI 3HaKa TOXiJHOI BiJ MOMEHTY IO KYTY HaBaHTaXKEHHS 1 cTaH THpucTopa VS2, SKkuii BU3HAYAE PSKUM Ke-
PYBaHHSI KOHTYpOM 30YIDKEHHSI: IpU YBIMKHEHOMY VS2 — pexuM (QopcyBaHHS, IPH BUMKHEHOMY VS2 —
POKUM TaciHHSI OIS

Js ycminiHoro camo3arycKy HoMiHaiubHO 3aBaHTaxkeHnX CJI BM3Ha4abHUM (pakTopoM, KpiM Be-
JIMYWHU BXiTHOTO MOMEHTY, € IOIYCTUMUH Yac TepepBU €IeKTPOKUBIICHHS, KM BU3HAYAETHCS 3HAUCHHSM
CTpyMY HECHHXPOHHOTO BKJIIOUYeHHsI. [t ouiHky BBy pisHux C3 Ha camosanyck CJ] po3paxoani mepe-
XiJTHI ITPOLIECH BKa3aHOTo pekumy [8, 9].

Ha puc. 2 nperncrapieni po3paxyHKOBi 3aJIeKHOCTI pexxuMy camo3artycky CJI mpy BKIIFOYeHHi B 00-
MOTKY 30ykeHHs (O3) 4OTHPUKPAaTHOrO pO3psIIHOro pesuctopa. [Ipu 1ipoMy AOMycTHMEI Yac Ha camo3a-
myck ckiaB Tr = 1,32 T, npu kpatHOCTI cTpy™My Ha O3, piBHuMiA K= 4.0.

IcroTHe 3HMXKEHHS Yacy TaciHHs nons CJI mocsraeThcsi BUMUKAHHSIM i3 POOOTH THPHCTOPIB 30Y-
JDKyBada 3yCTPIYHIM CTPYMOM eMHicHOro HakonmuyBaua eHeprii (CHE). Ha puc. 3 HaBeneHo po3paxyHKOBi
3aJIeKHOCTI BKa3aHOr0 peXXUMY IpH €eMHOCTI HakonnuyBada eHeprii C=2500 Mx®d. AHami3 po3paxyHKOBHX
3aJIeKXHOCTEH MOKa3ye, 10 Yac racinHs noinst craHoBuTh 1= 0,435 T, ipu pieHi nepenanpyr va O3 K =7,73.
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Puc. 2. Po3paxyHKOBI 3aJ&KHOCTI pe- Puc. 3. Po3paxyHKOBI 3aI&XKHOCTI PeXUMY
KuMy camosamycky CJI mpu BKJIIOYEHHI B camosarycky CJI 3 3amuxanasaM O3 npu HE
O3 4oTHpUKpPaTHOTO PE3UCTOPaA 2500mKD

Pozpobnennit npuctpiit mis camoszamycky C/I npuBomy HacocHoro arperaty 3 €HE BnpoBamkeHo
Ha HacocHii cTanuii JHinpoBceKOro MeramypriliHoro komOiHaty. [lapamerpu MpUBIZHOTO CHHXPOHHOTO
JBUTYHa: HOMiHaJbHa oTyxHIcTE 1000 kBT, 600 06/XB, Hanpyra i cTpyM craropa Bianosigao 6000 B i 112
A. €mmnictp HakormmuyBaua eneprii 800 Mx®. OcuiorpaMy caMo3aIycKy 3a3Ha4eHoOro ABUTYHA HaBelcHa
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Ha puc. 4. 3 aHaNi3y OCLIJIONPaMH BUILTMBAE, 110 Yac NIEPEPBHU EIEKTPOXKUBIICHHA cKanae 1,54 ¢ mpu kpart-
HocTi nepeHarnpyxenb Ha O3, mo nopiBHIoe Krc= 3,46 [11].
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Puc. 4. Octunorpama camosamycky oquHodHoro CJI nprBozaa HacocHoro arperary 3 €HE

BucHoBkn
1. Bukopucranust emnicHoro HakonmayBada eneprii (CHE) y xoHTypi 30ymxeHHs1 3a0e3meuye
KOMIIeH a0 iHepiiitHocTi O3 Ta MigBUIICHHS BXiJHOTO MOHETA i IHTEHCHBHE TaciHHS MarHiTHOTO
TOJISL.
2. Po3pobieni nmpuctpoi 3a0e3nedytoTh HaJiiHNI caM03aIlyCK CHHXPOHHHX €IEKTPOIPHBOLIIB Me-
XaHI3MIB 3 Oe3MepEPBHUMH TEXHOIOTTYHUMH TPOIECAaMU HE3aJISKHO Bijl HASSBHOCTI HATIPYTH Y CUCTEMI efle-
KTPOXKUBJIEHHS 30y/IKyBaya.
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SELF-STARTING OF SYNCHRONOUS MOTORS WITH COMPENSATION INERTION
OF THE EXCITATION CONTOUR
Nizimov V., Tonkonog 1., Cherstvyakov M.

Abstract

The actual scientific problem is solved in the work, which consists in the development, theoretical
and experimental researches of devices for self - starting of synchronous motors with compensation of inertia
of excitation circuit. The aim of the work is to increase the reliability of the self-starting mode of synchronous
motors of responsible mechanisms to maintain the continuity of complex technological processes. In the event
of natural disasters and natural disasters, power outages can cause long-term disruptions of technological
processes, large material losses, and in some cases fires and explosions, which can lead to human casualties
and significant economic damage.

Under these conditions, the mode of restarting synchronous motors must be used to power the re-
sponsible electric drives of mechanisms, such as mine fans, water pumping stations.

To limit the dynamic loads, it is necessary to have the smallest possible value of e.r.s. stator SD in
order to limit the switching current, which can be achieved by using various methods and means of extin-
guishing the field, increasing the time of introduction of automatic re-inclusion or automatic inclusion of the
reserve. The calculated dependences of the self-starting modes of SD when extinguishing the magnetic field
due to the inclusion of capacitive energy storage devices are obtained. The developed device for self-starting
of SD with a capacity of 1000 kW of the drive unit of the pump unit with ENE was implemented at the pump-
ing station of the Dnieper Metallurgical Plant. The efficiency of the developed device does not depend on the
presence of voltage that supplies the excitation system in the self-starting mode. The use of ENE in the excita-
tion circuit provides compensation for the inertia of the OZ and increase the input coin and intensive quench-
ing of the magnetic field. The developed devices provide reliable self-starting of synchronous electric drives
of mechanisms with continuous technological processes regardless of the presence of voltage in the power
supply system of the exciter.
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