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JIHIPOBCHKHI Jep>KaBHUM TeXHIUHUI yHiBepcuTeT, M. Kam'ssHCbke

KEPYBAHHS KOHTYPOM 3bY/J’)KEHHSI ABTOHOMHOI'O
CHUHXPOHHOI'O TEHEPATOPA 1P KOPOTKUX 3AMUKAHHAX Y CTATOPI

Y pobomi eupiwena axmyanvua naykosa 3adaua, sKka noiseac 8 po3pooyi, meopemuyHux ma
EeKCNePUMEHMATLHUX OOCTIONCEHHAX NPUCMPOIE 00 PediCUMi6 2ACiHHA MACHIMHO20 NOSL CUHXPOHHUX
MAWUH 3 KOMREHCayicto IHepyitiHoCmi KOHmMYypy 30y0oicennsi. Memorw pobomu € 3MeHuen s HACAIOKIg
KOPOMKO20 3AMUKAHHS 6 CIAMOpi CUHXPOHHUX 2eHepamopie. Ompumani po3paxynKosi 3a1exiCHOCmi
PedACUMIB NPU 2ACIHHI MACHIMHO20 NOA 34 PAXYHOK 6MUKAHHS EMHICHUX HaAKonuyyeauie enepeii. Po3-
poobneni npucmpoi’ 05 pi3HUX CXeMOMEXHIYHUX PilueHb, NIOMBEPONCEHUX HABCOSHUMU OCYUIOSPAMA-
mu. Ilpayesoamuicmv po3pobreHux npucmpois He 3a1exiCums 6i0 HASGHOCMI HANPY2U, KA HCUBUMDL
cucmemy 30Y00CeHHsL Y PEeACUMI 2ACIHHA MASHIMHO20 NOJA.

Knrouosi cnosa: cunxpouna mawiuna, Kopomke 3aMUKAHHS, EMHICHUL HAKONUYY8AY eHepeii.

The actual scientific problem is solved in the work, which consists in development,
theoretical and experimental researches of devices to modes of damping of magnetic field of
synchronous machines with compensation of inertia of excitation contour. The aim is to reduce the
effects of short circuit in the stator of synchronous generators. The calculated dependences of the
regimes when extinguishing the magnetic field due to the inclusion of capacitive energy storage
devices are obtained. Devices for various circuit solutions confirmed by the given oscillograms are
developed. The efficiency of the developed devices does not depend on the presence of voltage that
supplies the excitation system in the mode of magnetic field quenching.

Key words: synchronous machine, short circuit, capacitive energy storage.

IHocTanoBka nmpodaemMu

ABTOHOMHI reHepyroui yctaHoBku (AI'Y) Ha 6a3i cuaxpoHHuX renepartopis (CI') 3Halum
LIMPOKE 3aCTOCYBaHHS HA MOPCBKUX Ta PIUKOBHX CyJHAX, Y FPCHKUX MICIIEBOCTAX Ta ocTpoBax. [lpu
excruryaTanii AI'Y MoxkITuBe MOMKOMKEHHA i30mwii 00MoTok cratopa CI', B pe3ynbTati 4oro BUHHU-
KalOTh KOPOTKi 3aMHKaHHS (K.3.).

Haii6inpm Bakkum pexxumom pobotu CI' € BHYTpIIIHI KOPOTKi 3aMHKaHHS y CTaTopi, IO
MPHU3BOAATH 10 pyHHYBaHHS OOMOTOK, a y psAi BUMNAAKIB — BUTOpaHHS 3ajii3a ctatopa. [Ipmdomy
cTpyM oO0MoTkH 30ymkenHs (O3) iHIYKYye eneKTpopyxoMy cuily (e.p.c.), sika )KUBUTb TOUKY K.3. Jliis
3MEHILEHHS HACIi/IKIB K.3. HEOOX1THO 3MEHIIUTH CTPYM 30y KEHHS, SIKUI BU3HAYAE MATrHITHE TIOJIE.

ToMy akTyaldbHOIO TEXHIYHOIO 3a7aucio € po3poOKa MPHUCTPOIB, sKi 3abe3nedaTh HadiiiHICTh
JKBiAaLii K.3. y CTaTOPi CAHXPOHHUX I'€HEPaTOPiB.

AHaJi3 0CTaHHIX JOCJTiIKeHb Ta mMyOJiKamii

[Ipu poOOTi CHHXPOHHUX TEHEPATOPIB ENEKTPOPYXOMa CHJIa BH3HAYAETHCA YaCTOTOIO 00ep-
TaHHsI TEIUIOBOrO ABUTYHA (Ta3oBa TypOiHa, AW3ENbHUN BUTYH) Ta MarHiITHUM MOTOKOM, SIKHI 3ajie-
XKHUTb BiJ cTpyMy 30ymkeHHs. [t 3MeHIIeHHsT 00csry pyiHYBaHHS! HEOOX1IHO 3MEHIIUTH €.p.C LIS~
XOM 3MEHILIEHHS MAarHiTHOTO TMOTOKY, SIKUM BU3HAYAETHCS CTPYMOM 30y KeHHS. (s 3MeHIIeHHsS
cTpyMy 30yIDKEHHS IPU KOPOTKUX 3aMHUKaHHSIX HEOOXiAHO 3MEHIINUTH CTaly 4acy oOMOTKH 30y KeH-
HS 332 PaXyHOK BMHKAaHHS B OCTaHHIH aKTHBHOTO pe3rcTopa abo 3yCTpiuHOI €.p.C. Bi IOMOMIXXHOTO
reseparopa [1, 2].

TpudazHi KOPOTKi 3aMUKaHHS HA BUBOJAX CTaTOpa MPHU3BOAATH A0 HAWOUTBII TSHKKUX HacHil-
KiB, SIKi IOIIKOKYIOTh 1301511110 0OMOTOK. Haiibinpm yacTuM BUAOM KOPOTKOTO 3aMHUKAHHS € OTHO-
¢azHe Ha KopIyc reHepaTopa abo aBodazHe Mix co00r0.

Haii6inpmmii cTpyMm K.3., [0 BCTAHOBHMBCA, B CHHXPOHHIN MallMHi Mae Miclie Ipu ogHodas-
HOMY KOPOTKOMY 3aMHUKaHHi, CTpyM MOABIHHOrO 0AHO(]A3HOr0 KOPOTKOTO 3aMHKaHHS (ABO(a3zHOro
3aMUKaHHS Ha HelTpalib) OlNIbIIe CTPyMy CHMETPHYHOI'0 KOPOTKOTO 3aMUKaHHS.
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DopMyJTHOBAHHS METH T0CTITKEHHS
TeopernuHe Ta ekcliepUMEHTaNIbHE AOCTiIKEHHS CIIOCO0IB Ta MPUCTPOIB TACiHHSA MarHiTHOTO
MOJIsI 3 METOIO 3MEHIIEHHS HEraTUBHUX HACTIAKIB KOpoTKoro 3amukanus CI.
BukJsiax ocHoBHOTO MaTepiaay
BusnaveHi Bupasu cTpymiB 30yIKEHHS UIs Pi3HUX MpUCTpoiB raciHus nomns CI [3].
[Ipu 3menmenHi cranoi yacy O3 BMHUKaHHSIM PO3PSAHOTO PE3UCTOpa CTPYM 30YKECHHS BH-
3HAa4Ya€ThCS BUPA30OM
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BMukaHHS 1OIAaTKOBUX €IEMEHTIB Y PEKUMI TaciHHS MOJs HEOOX1IHO MPOBOJUTH 3a JOIIOMO-
rofo 0e3KOHTAaKTHUX CHJIOBUX elleMEHTIB. /IJi1 BUMHKaHHSI THPHUCTOPIB 30YyIKyBadiB 3aCTOCOBYIOTh
eMmHicHMI HakonuuyBau eHeprii (CHE). [IpumycoBe BUMHKaHHSA TUPUCTOPIB 30ymKyBada 3a0e3medy-
€Tbest 200 3yCTPIYHOIO HANPYTo0, a00 3yCTPIYHUM CTPYMOM €MHICHOTO HaKOMMYyBaya eHeprii.

[Ipu racinni MaraitHoro noist 30ymkenas CI, mo mpamioe B pexxuMi OJU3BKOMY A0 PEXKUMY
BUIBHOT'O XOAYy, CIIPaBEAINBa HACTYITHA CHCTEMa PiBHAHB U NOAOBXHBOI oci CI
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OTtpuMaHi po3paxyHKOBI 3aJIeKHOCTI pexkuMy racinns noms CI” naBeneHi Ha puc. 1. Anani3 po-
3paxyHKOBHX 3aJIKHOCTEH MOKasye, mo HaiiOunpm iHTeHcuBHE racinHsg mons CI' BinOyBaeTscst mpu
BKItOUeHHI enekTpudHoi eMHocti HE B O3. Brmouenns napanensno emHocti HE pospsimHoro pesucro-
pa R., J03BOJISIE iCTOTHO 3HU3UTH PiBEHb NepexinHoi Hanpyru 1o K. = 4,4 3amicts K, = 8,3. Brimouenns
po3psiaHoro pesucropa kparHictio K, = 10 3 AI'TI 3a0e3nedye NpakTUYHO PiBHY IIBHAKOAIIO, ajle 3
OB BHCOKMM piBHeM niepeHanpyru Ha O3. [Ipu iHBepTyBaHHI 30y)KyBada 3 KpaTHICTIO (hOpCYBaHHS

1,7 wac racinns moinst 10 0,2 Vo 36inbinyersest Ha 11 % y MOPIBHSHHI 3 PE3UCTOPHIM BapiaHTOM.
Po3poOnenuit npuctpiii, skuii 3a0e3nedye pekuM GopcyBaHHA CTpyMy abo raciHHS MarHiT-
HOT'O TIOJIs, HABEACHO Ha puc. 2.
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Puc. 1. Po3paxyHKOBI 3aJI©KHOCTI IPOLIECiB TaciHHsI 1moJisi MoaenbHoro CI': ¢ — mpu iHBepTy-

BaHHI 30ykyBava, K, = 1,7; 6 — npu BBIMKHEHHI po3psaHoro pesucropa B O3, K, = 10; 6 — npu
PO3PSIIHOMY PE3UCTOPi Ta EMHICHOMY HaKomuuyBadyi eHeprii, Kcg = 4,4; 2 — npu BmukanHi B O3 em-
HICHOTO HakKomu4yBayua eneprii K. = 8,3
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Puc. 2. IlpuauunoBa cxema npuctporo ans kepyBanus CI' 3 €EHE: G — cunxponHuii renepa-
top; TV — natumk nanpyru; TA — patauk ctpymy; TS — mkepena 3apsinHoi Hanpyru; AK — 0110k kepy-
BanHs1 racindsM nonst; AUC — OJIoK KepyBaHHS
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- Puc. 4. Ocuunorpama nporiecy racinas mosus

Puc. 3. Ocumorpama mporecy raciHHs CI' npu niHiiHIA 3MiHI CTpyMy B KOHTYpi 30Yy-
monss CI' 3 mepesapsmom €HE B koHTYpi mxeHHs C = 500 mMx®; Ug= 50 B; Iy, = 10 A;
30yIKEHHS Ugmax = 149 B; t,= 0,022 ¢

Ocuuiorpama mpomecy TaciHHSA
noist MognensHoro nsuryna MCA-72/4,
. '. ;11 f {'\ ![ﬂ!\ npHBeleHa Ha PHC. 3, MITBEPIKYE OCHOB-
| U 'U-,E]I | ]LH '”._Ll”'_ﬂ s e Hi TEOPCTHUHi TONOKCHHA 1 aHAMITHYHI
1 AR “H"___ ===t - 3aJIeXHOCTI, XapaKTepHi A KOTUBAJILHOTO
| = EE iz i ol pospsiny €HE B KoHTYpi 30ymKeHHS.

== Ha puc. 4 npusenena ocuuiorpama

MPH PanTOBOMY 3HHMKHEHHI HANpYrH B Me-

pexi skuBneHHs. [lopiBHSUIbHA OLIIHKA PO3-

: = PaxyHKOBHX 1 EKCIIEpHMEHTaJIbHHUX IaHUX

Uy P _[1'—1: - —b i HOKa3ye, IO 4Yac JOCSTHEHHS CTPyMOM

SR : 30y/DKEHHSI HYJIBOBOTO 3HAuUCHHS: pPO3pa-

— xyHkoBe — 0,019 c; ekciepuMeHTanbHEe —

0,022 c; 3HaYeHHs TepexiAHOl HANpYTru Ha

00MOTIII 30yIKEHHS: po3paxyHkoBe — 155

B; excriepumenTtansne — 149 B; kpaTHicTh

MEepEeHANPYKCHHS Ha OOMOTII 30yKESHHS
ONM3bKa 10 TPHOX.

Ha puc. 5 npusenena ocuuiorpama
MPY PAaNTOBOMY 3HHKHEHHI HAaIllpyrd B Mepesxi kuBieHHs. [1opiBHsIIbHA OLlIHKA PO3PaxyHKOBUX 1 eKcIe-
PUMEHTAIBHUX TAHUX MOKa3ye, 0 PO3paxyHKoBHH yac raciHas momst — 0,066 ¢, ekcrepuMeHTanbHe —
0,072 c; 3Ha4eHHs NepexigHoi Hampyryd Ha OOMOTII 30y/DKEHHS 1 BY3JIi TaciHHS HOJS: PO3PAXYHKOBE —
81,3 B, ekcniepumenTtanbue — 83 B.

U A YT

Puc. 5. Ocuunorpama npotiecy raciHHs moJis
CI npu anepionuyHiii 3MiHI CTpyMy B KOHTYpi 30y-
wxeHHs C = 500 Mx®; U, = 50 B; I, = 10 A; Upjpar =
83 B
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BucnoBku

Ha mincraBi aHamITHYHOTO i TEOPETHYHOTO OTJISIAY JTOBEISHO, IO IHEPUiHHICTh KOHTYPY 30Y-
JOKEHHS 1 HasIBHICTB 3acTOKOIO0YrX KOHTYpiB CI' He mo3Boise e)eKTUBHO KepyBaTH KOHTYpPOM 30Y-
JDKEHHSI B peKMMax racinHs moisi. Bukopucranns €HE B cxemi cuctemu 30ymKEHHS CHHXPOHHOTO
reHepaTopa Jajl0 MOXKIIUBICTh BCTAHOBUTH OCOOJMBOCTI MEPEXiJHUX TPOIECIB TaCiHHS MAarHiTHOTO
MOJIsl B KOHTYpi 30yIKEHHS B TIOPIBHSAHHI 3 iCHYIOUHMH CHCTEMaMH.

[IpoBeacHUMU €KCIIEPUMEHTAMHU JIOBEICHO JOLLUIBHICTh BUKOPUCTAHHS PO3POOJICHOrO IpH-
CTPOIO B PSKHMMAaX TaCiHHS MarHiTHOTO TOJSI CHHXPOHHOI MAaIllMHU 1 MepeBaru HaJl iCHYIOUHMH TIPH-
CTPOSIMU.
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MANAGE THE EXCITATION CONTOUR OF AN AUTONOMOUS
SYNCHRONOUS GENERATOR WITH SHORT CIRCUITS IN THE STATOR
Nisimov V., Filin 1.

Abstract

The actual scientific problem is solved in the work, which consists in development, theoretical
and experimental researches of devices which provide reduction of negative consequences at short
circuits in a stator of synchronous machines.

The most difficult mode of operation of synchronous machines is internal short circuits in the
stator, which leads to the destruction of the windings, and in some cases — the burning of steel.
Moreover the current of the excitation winding induces emf, which feeds the point k.z. To reduce the
effects of k.z. it is necessary to reduce the excitation current that determines the magnetic field.

Despite the relative short-livedness, k.z. lead to power failure, but also adversely affects the
operation of adjacent, especially loaded electrical receivers and, in addition, can cause failure of the
excitation system SG.

Therefore, the urgent technical task is to develop devices that ensure the reliability of the
elimination of short-circuits in the stator of the synchronous generator.

Comparative analysis of the obtained expressions shows that the inclusion of electrical
capacity contributes to a more intense change in the current of the OZ.

It is proved that a significant amount of time and the presence of soothing circuits SG do not
allow to intensively dampen the magnetic field.

The experiments confirmed the feasibility of using the developed device in the modes of
damping the magnetic field of the synchronous generator and identified the advantages over existing
devices.
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