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ONTUMIBALIA ITY CKOBUX PEXKUMIB CMHHXPOHHOTI'O IBUI'YHA 3
BATATOCTYIIEHEBOIO KOMIIEHCAHIE€IO IHEPHIMHOCTI KOHTYPY
3bYJIKEHHA

Y pobomi posernsoacmuvcsa naykoga 3aoaua, sKa noaseac 6 NiOBUWEHHI NYCKOBO20 MOMEHY
C/] ons po36opomy mexauizmis i3 3HAUHUM MOMEHMOM CIMAMUYHO20 ONOPY 32I0H0 OOHOYACHO20 00-
MEJHCEHHS CmPYMI6 cCIamopa ma nycKoeoi 0OMOmMKU 3a PAXYHOK 3ACMOCY8AHHS MUPUCTHOPHOZ0 pe2)-
JAMOPA HANpy2U 3 GUKOPUCHMAHHAM 0a2amocmynenesoi Komnencayii inepyiunocmi KOHmMypy 30)-
ooicenns. Ilpobnema nycxy nomyaxcnux CI 3 cmpymooOMmediceHHsmM He 8mpadae c8o€i akmyanrbHOCHi,
Hacamnepeo 0Jisk PO36OPOMY MEXAHIZMIB 31 SHAYHUM MOMEHMOM CIATHUYHO20 ONOPY, A MAKONC 8 YMO-
6aX JHCUBTICHHS OBUSYHIB 810 NPOMANCHUX EJIeKMPUYHUX MEPEdC, WO XaAPaKmepHo O/ npueodie mexa-
Hi3MI8 OYPOBUX YCMAHOBOK HAMO- Ma 2a30000Y8HOI NPOMUCIOBOCHI, MYPOOKOMNPECOPI8 2azonepe-
Kauy8anbHUX CManyitl ma Kap '€pHuUx eKckaeamopis.

Knrouosi cnosa. bazamocmynenesa KoMneHcayis inepyitinocmi; nycKOBUIl pedicum;, CUHXPOH-
HUL 08USYH; KOHMYD 30V0ACEHHS; MUPUCTOPHUTL PeCYNIAMOP HANpyau.

The paper solves an actual scientific problem, which consists in increasing the starting mo-
ment of the synchronous motor for reversing mechanisms with a significant moment of static resis-
tance according to the simultaneous limitation of the currents of the stator and the starting winding
due to the use of a thyristor voltage regulator with the use of multi-stage compensation of the inertia
of the excitation circuit jinn. The problem of starting powerful synchronous motors with current limi-
tation does not lose its relevance, primarily for reversing mechanisms with a significant moment of
static resistance, as well as in the conditions of powering engines from extended electrical networks,
which is typical for drives of mechanisms of drilling rigs in the oil and gas industry, turbocompressors
of gas pumping of stations and quarry excavators.

Keywords: multi-stage inertia compensation; starting mode; synchronous motor; excitation
circuit; thyristor voltage regulator.

IHocTanoBka mpo0JjemMn

VY cyuacHiii IPOMHUCIOBOCTI OMITHA TEHJCHLIS 10 PO3IIMPEHHS cepH 3acTOCYBaHHS CHHX-
pornux npuryHiB (CJ]) cepenHix i BENMKUX MOTYKHOCTEH. 3aCTOCYBaHHS TAKHX IBHUTYHIB 3 OTHOTO
00Ky 3a0e3meyye JOCUTh BUCOKI TEXHIKO-€KOHOMIUHI MOKAa3HUKH, a 3 IHIIOT0 — BUMarae 3acTOCyBaH-
HSl HOBUX TEXHIYHUX pillleHb CTPYMOOOMEKEHHS IS 1X MYCKY, OCOOJIMBO Il MPUBOLY MEXaHI3MIB 31
3HAYHUM MOMEHTOM CTAaTHYHOTO Oropy (KyJIbOBi Ta CTPHIKHEBI MJIMHH, TPOOAPKH, CKPEOKOBI KOHBEE-
pH) , @ TAKOXK B YMOBaX >KMUBJICHHS JIBUTYHIB BiJl MPOTSHKHUX CNCKTPHUYHUX MEPEXK, IO XapaKTEPHO
JUIsL IPUBOAIB MEXaHi3MIB OypOBHX YCTaHOBOK Ha()TO- Ta ra3oA00yBHOT IPOMHUCIIOBOCTi, TYpOOKOMII-
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pecopiB rasornepekadyBaJbHUX CTaHLIA Ta Kap'€pHUX EKCKaBaTOPiB. 3HA4YHI ENEKTPOJMHAMIYHI Ta
CTPYMOBI HaBaHTa)KEHHSA CTAaTOPHUX Ta IYCKOBUX OOMOTOK POOJSATH 3aCTOCYBaHHS aCHHXPOHHOTO
croco0y mycky notyxaux CJ] mpobneMaTHyHuM, a B ISIKUX BUMAIKaX i HEMOXKITUBUM.

AHaJIi3 0CTaHHIX JOCTITKeHb Ta mMyOJriKkanii

[TapamerpuuHi criocoOu MycKy 3 BUKOPHCTAHHSIM PEaKkTOpiB, aBTOTpaHc(opMaTopiB Ta HaIiB-
npoBiTHUKOBUX peryinstopiB Hanpyru (TPH) 3a6e3neuyroTh 0OMexeHHS MyCKOBUX CTPYMIB, IPOTE HE
JIO3BOJISIIOTH CTBOPUTU HEOOXITHHMX ITYyCKOBMX MOMEHTIB Ijsi po3Bopory CJl BuIle mepepaxoBaHUX
MeXaHi3MiB.

[linBumenHs myckoBoro Mmomenty CJ] Moxke OyTH TOCATHYTO:

— 3aCTOCYBAaHHSIM CIeLliaJIbHUX 3aKOHIB KEPYBaHHS KOHTYPOM 30Y/KECHHS (IMCKpETHE KepyBaH-
HSl HAlpyrolo 30yILKeHHs, Oe3MepepBHE UM CTYIIHYACTE 3MiHa BETMUYMHH OIMOPY MMYCKOBOTO PE3UCTO-
pa, i HaBiTh iX crminbHE KepyBanus) [1, 2, 3];

— yckiagHeHHsM cucteMu 30ymkeHHs CJ1 (myckoBi iHAYKIIHHI OOpU B POTOPi, CHCTEMU 30Y-
JDKEHHS 3 TIepeTBOPIOBaYaMH JTBOCTOPOHHBOI MPOBIAHOCTI, EMHICHI HAKOMUYyBadi €HEprii B KOHTYpi
30ymxenns) [4, 5];

— 3MiHOIO KOHCTpYKIIT BiacHe CJ/] (3acrocyBaHHS po3ILeruieHHX 0OMOTOK 30y/DKEHHs 3 TOCITi-
JTOBHMMH KOHJICHCATOPaMH, PO3MIIIEHHS MOMEepeYHOT 00MOTKH 30y /UKeHHs) [6].

Icnyroui cioco6u 1 MpHUCTPOi HE TO3BONSIIOTH CTBOPUTH HEOOXiTHUX MyCKOBHMX MOMEHTIB IpH
00MEXeHH1 CTaTOpiB CTPyMY Ha 3aaHOMY PiBHI.

DopMyTHOBAHHS METH J0CTITKEHHS

Mera noCHimKeHHsT — MIABHILEHHS MycKoBOoro MoMeHTy C/I mist po3BOpPOTY MeXaHi3MiB i3
3HaYHUM MOMEHTOM CTaTHYHOI'O OMOPY MPU OOMEXKEHHI CTPYMIB CTATOpa 3a PaxyHOK 3aCTOCYBaHHS
TUPUCTOPHOTO PETYNATOpa HANPYTH 3 BUKOPUCTAHHSM 0araTOCTYIEHEBOI KOMIICHcalii iHepuifHOCT1
(BCKI) xoHTYpY 30ymKECHHS.

BukJiax ocHOBHOTO MaTepiay 10CTizKeHHS

VY pexumi acuaxpoHHoro mycky CJI enekTpoMarHiTHU MOMEHT CTBOPIOETHCS TIEPEBAYKHO Ty~
CKOBHH (KOpPOTKO3aMKHEHOI) 00OMOTKOI0, @ 00MOTKa 30y mKeHHs (O3) BUSBIAETHCS HETOBAHTAKECHOIO
3 Takux npuuuH. [lo-nepme, maca mini O3 misa Benukux CJI mepeBuInye Macy Miai craTopa 0OMOTKH.
Tomy, sik mokaszano B [1] mis Bemukoro CJ] moryxnicTio 3150 kBT, 500 00/XB, 3a yac aCHHXPOHHOT'O
MYCKY MEPEeBULICHHS TeMIepaTypu cratopa ooMoTok ckiano 10,4°C, a oOMoTku 30yKEHHS — BCHO-
ro sume 0,087°C. Ilo-gpyre, min 9ac mycKy, aMIUTITYAa CTPyMY 4acTOTH KoB3aHHS O3 NEKUTh Y Me-
xax (0,8...1,6) Bix HOMiIHAJIILHOTO CTPYMY 30y/IKCHHS.

Bennunna enexktpomartitHoro MoMmeHTy O3 He3HauyHa uepe3 ¢azoBuii 3cyB mik ii EPC i
ctpymoM, 6au3pkuM 10 90 en. rpagycis. [Ipu oqHOMMEHHIH MOMSPHOCTI IUX BETHYUH CTBOPIOETHCS
PYXOBHIA MOMEHT, a 3a PI3HOMMEHHOI — ranbpMiBHHIA. BHacmigok ogHoBicHOTO edekry O3, MOMEHT,
10 CTBOPIOETHCS HEIO, MiJICYMOBYETHCS 3 MOMEHTOM ITyCKOBOI OOMOTKHM JI0 MIBCHHXPOHHOI IIBHJIKOC-
Ti, a miciaa — BigHIMaeThcs. ToMy IS 30LIbIIEHHS eleKkTpoMarHitHoro MmoMeHTy CJl 3a paxyHOk
CKJIQJIOBO1 BiJ OOMOTKHM 30y/KeHHS HeoOXimHo 3MeHmmTH (a3oBuil 3cyB mik EPC i ctpymom O3,
301TBIIYIOYH aMILTITYAY LBOTO CTPYMY, IO Bele 0 Mepepo3noairy HaBaHTaxeHHs Mbk O3 1 mycko-
BOIO 0OMOTKOI0. Takuil eeKT qocsATaeThesl BKIOUEHHSIM 0aratocTylneHeBol KoMIeH callii iHepuiiHoc-
ti (BCKI) B O3. Ockinbku HOro peakTHBHUII omip 00epHEHO MpomopLiiHuiA KoB3aHHIO poropa C/I, To
IIPH [IbOMY TaKOXK YaCTKOBO KOMIICHCY€ETHCS €IEKTPOMAarHiTHa iHepIiHHICTh KOHTYPY 30y KEHHS.

BigHocHUH HeNMiHIMHUN €MHICHHU OIip, KUK 3a0e3Meuye MaKCUMyM €JIeKTPOMarHiTHOro Mo-
MeHTy CJ] mpoTAroM ychboro aCHHXpOHHOTO ITYCKY, BU3HAYA€ThCS 3AJICHKHICTIO [2]:

ab+csd
Xe=—"""" 1)
b+sd

ne a, b, ¢, d — xoedimieHTH ampokcuMaIiii.

Ockinbku pearizaiiis 0e3nepepBHOI 3MiHM EMHOCTI ITOKH 10 € CKJIATHUM TEXHIYHUM 3aBiaH-
HSIM, TO CTYIIHYAcTa 3MiHa BETUYMHU €EMHOCTI HAKOMMYYBayda € OLIBII JOILTEHO.

BMukanHS perynsaropa Hanpyru J03BOJNsSE OOMEKHUTH CTPYMOBI Ta €IICKTPOMHAMIYHI HaBaH-
Ta)XEHHsI Ha OOMOTKHU CTaTOpa 3MIHOIO HaIpyTH.
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Hns ouinku BruuBy BCKI Ha myck C/l B ymoBax oOMEKEHHsI HApyrd MEpexi KUBJICHHS 3a
JOTIOMOT'OI0 PEryJIsiTOpa, HaBeAEHI po3paxyHKoBi 3anexxHocTi mycky CJI mpu cTymiHYacTiid 3MiHI €M-
HOCT1 HAKONMYYyBaya B 3aJIGKHOCTI BiJl KOB3aHHSL.

[TpuHnmmnoBa cxema myckoBoro npuctporo [6], mo mictute TPH Ta GaratocryneHeBuit Kom-
MeHcaTop iHepUiHOCTI, IpencTaBieHa Ha puc. 1.

Ua Ub Uc

Vs2 vS3 vs6

BIR W v Y vssAN N AUZ

Puc. 1. Tlpuauunosa cxema myckoBoro npuctporo 3 BCKI B kontypi 30ymkenns 1 TPH y
craropi C/]

KepyBanus BuxinHoto Hampyroto TPH 37iliCHIOETBCS B 3a€KHOCTI Bif BETHMYHMHH CTPyMY
craropa, sika 3a JornoMorow aatdukis TA, TU, HaaxomuTs Ha Mikpomnporecopuuii Moaynb (MCU),
mo GpopMye Kepyroui curHaimy s 070Ky kepyBaHHs Tupuctopamu (AUZ) i 3/1ifiCHIOE KOHTPOJIb BH-
ximnoi Hanpyru TPH. Komyramis xirouie BCKI i, BignmoBigHO, 3MiHAa HOTO €MHOCTI, TPOBOAUTHCS Y
(GyHKIIT KOB3aHHS, [0 OOYUCITIOETHCS IILIIIXOM BUMIPIOBAHHS YaCTOTH OOEpTaHHS POTOpa ABHUTYHA.

[Tpu nomaui Hanpyru Big TPH Ha cratop C/ ctpym B O3 3amukaetscs yepe3 pesuctop R1 i
nocnigoBHo 3'enHanuid 3 HUM BCKI (C1, C2 i C3). [Ipu 30u1bIIeHH] DIBHIKOCTI 00epTaHHS poTOpa
cymapua emHicth BCKI moBuHHa 30inmbrryBatucs BiamoBigHo (1), 110 AOCATAETHCS MOCTITOBHUM
BKIroueHusaM kiarouiB K1, K2 1 K3.

Ha puc. 2 npexacraBnena 3aieXHICTh KOB3aHHS S MOMeHTY M, Ha puc. 3 — Bix cTpyMy craTo-
pa |. Po3paxynku BukoHaHi i apuryHa tamy CJIC3-2000-100 mist pi3HMX 3HAUY€Hb HAIIPYTH MEpeT-
Boprosava (U,/U,,; = 1; 0,9; 0,8) ta npu cryminuacTiit 3mini emuocti (C = 75; 100; 150 Mx®) i3 mociti-
JOBHO BKJIIOYEHHUM ITYCKOBUM pe3ucTopoM R, = 4R;. [lyHKTHpHUMHM NiHISIMU Ha pUCYHKaX 300pa)keHi
nmyckoBi xapakrepuctuku CJ1 nmpu BkirouenHi B O3 nuile YOTUPUKPATHOTO ITYCKOBOT'O PE3UCTOPA.

AmnHaniz po3paxyHKOBHX 3aJeXHOCTEH mokasye, mo 3acrocyBanHs BCKI nosBomse icTroTHO
301TBIIMTH eleKTpoMarniTHui MoMeHT CJ] mpu oOMeXeHHi CTpyMiB cTaTopa 3a PaXyHOK BETUYWHHU
HaIpyru THPUCTOPHOT'O PETYIATOPA.
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Puc. 3. 3anexnocrti crpymy CIl mpu BCKI C = 75; 100; 150 mx®

TakuMm 4MHOM, MO)KHa OTpHUMAaTH Oa)kaHy iHTerpaipHy Xapakrepuctuky CJI mis po3Bopoty
MeXaHi3MiB 13 3HAUHUM MOMEHTOM CTaTHYHOT'O OHOPY.

B pesynbrati mogemoBanus mycky CJI tunmy CAC3-2000-100 npuBoay KyiaboBoro Oapadan-
HOTO MJIMHA 3 PO3IIITHYTHM IPUCTPOEM, BUKOHAHOTO B OPTOTOHANBHIN crcTeMi koopauHat d—(, Oymnu
OTpUMaHi PO3pPaxyHKOBi 3aJIeXHOCTI MepexigHux mpoueciB. HomiHanbHi mapamerpu apuryna: P, =
2000 xBrt, U, = 6000, I,= 229 A, n, = 100 06/x8. [Tapamerpu O3: Ug, = 51, I, = 276 A.

Ha puc. 4 npeacraBieHi xapakTepUCTUKU MyCKy ABUTYHA 13 3aCTOCYBaHHSM 3allPOIIOHOBAHOI
CHCTEMH, a Ha PUC. 5 — NPSAMUIA aCUHXPOHHUI MYCK 13 AECATUKPATHUM J0JATKOBUM PE3UCTOPOM.

3acrocyBanHs BCKI m03BONMMIO MiABHIUTH €ISKTPOMATHITHUH MOMEHT, IO PO3BUBAETHCS
JIBUTYHOM, 3 JIBOPa30BOro A0 2,5 Bij HOMiHaJBHOr0. BHaCHiZOK mepepo3moily CTpyMOBOI'O HAaBaH-
Ta)XCHHSI MK POTOPHHUMH KOHTYPaMH, CTpyM y AeMIi(epHiii 0OMOTLI NpH IIyCKy 3HU3UBCS B Cepel-
HBOMY Ha OJIMH HOMIHAJ y MTO3/I0BXKHIH Ta MmomnepevyHii 0OMOTKax.
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Puc. 5. [IlunamiuHi XapaKTEPUCTHKH MPSIMOro aCHHXpOHHOTO mycKy CJ]
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BucnoBku
3acTocyBaHHs 0araToCTyIEHEBOI KOMIICHCAIlii iHEpIIHHOCTI B KOHTYpi 30YIUKCHHS Y TIO€]I-
HaHHI 3 PEryasTOPOM HANPyTu B KOJi cTaropa 3a0de3neynTh HeoOXinqHuil myckoBuit moment C/I mpu
3HIDKEHHI CTPYMOBOT'O HaBAaHTAXKEHHS Ha OOMOTKH CTaTOpa.
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OPTIMIZATION OF STARTING MODES OF A SYNCHRONOUS MOTOR WITH
MULTISTAGE COMPENSATION OF THE INERTIA EXCITATION CIRCUIT

Abstract

The work solves an actual scientific problem, which consists in increasing the starting moment
of a synchronous motor for reversing mechanisms with a significant moment of static resistance ac-
cording to the simultaneous limitation of stator currents due to the use of a thyristor voltage regulator
with the use of multi-stage compensation of the inertia excitation circuit. The problem of starting a
powerful synchronous motor with current limitation does not lose its relevance, primarily for reversing
mechanisms with a significant moment of static resistance, as well as in the conditions of powering the
motors from long electrical networks, which is typical for drives of mechanisms of drilling rigs in the
oil and gas industry, turbocompressors of gas pumping stations and quarry excavators.

To evaluate the effect of the developed device on the start of a synchronous motor in the condi-
tions of limiting the voltage of the power supply network with the help of a regulator, the calculated
dependences of the motor start-up with a step change in the storage capacity depending on the slip are
given.

The static dependence of sliding on the moment M is presented, and the stator current is pre-
sented. The dynamic characteristics of the engine start using the proposed system and the direct asyn-
chronous start with a tenfold additional resistor are presented.

The use of the developed device made it possible to increase the electromagnetic moment devel-
oped by the engine from twice to 2.5 times the nominal one. As a result of the redistribution current
load between the rotor circuits, the current in the damper winding at start-up decreased by an average
of one rating in the longitudinal and transverse windings.
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