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3ABE3INEYEHHSA CTIMKOCTI POBOTA CUHXPOHHUX JABUI'YHIB ITPA ITOCAIIII
HAIIPYI' B MEPEXI ABO ITPUKJIAJJAHHI 3HAYHOI'O HABAHTAKEHHSA

Y cmammi posensnymi pexcumu cmanoi pobomu CUHXPOHHUX OBUSYHIE NPU KOPOMKOUACHUX
NOHUIICEHHAX Hanpyau 6 mepedici. Ompumani piGHAHHA eneKmpuyHoOi pieHosazu Hanpyau 0Jisl KOHMYpie
C/H 3 emnicmio 6 koHmypi 30y0oicenus. HaseoeHi po3paxyHKosi 3aneicHOCmi percumy (Gopcysants
30Y00ICEeHHS 3 eEKMPUUHOI) EMHICIIO, YEIMKHEHOL 8 KOHMYP 30V0JICEHHS.

Knrouoei cnosa: cunxpounuii 08ucyr; (hopcysannsi; 30y0HuCeHHst; EMHICMb; IHePYItHICMb.

The work examines modes of stable operation of synchronous motors with short-term voltage
drops in the network. Obtained equations of electrical voltage balance for LED circuits with capacit-
ance in the excitation circuit. Calculated dependences of the excitation forcing mode with the electric
capacity included in the excitation circuit are given.

Keywords: synchronous motor; forcing; excitation; capacity; inertia.

IHocTanoBka mpo0JjemMn
3BuyaitHO cuHXpOoHHI ABUryHH (C/I) mpaiiooTh B HOMIHAIBHOMY PEXKHMI 200 OIM3BKOMY 10
HBOT'O MPHU CHHXPOHHIA MIBUAKOCTI oOepTaHHA poropa. llpu mOpymIeHHAX €IeKTPOXKUBIICHHS BOHU
BTPaYyarOTh CTIHKICTh Ta BUIAAAIOTh 13 CHHXPOHI3MY. [IpH IbOMY CHHXPOHHI ABUTYHH INEPEXOISTh B
ACHHXPOHHHUH PEeKHM, IO CIPUYMHSE TEeperpiBaHHs MyCKOBOT OOMOTKH Ta MPU3BOAUTH A0 BUXOAY iX
13 magy. HaiiGinpm epeKTUBHUM METOAOM 30epeKeHHS CTIMKOCTI POOOTH € 3aCTOCYBaHHS PEXKHUMY
(bopcyBaHHs Harpyry 30yDKEHHS Bil THpHCTOpHOro neperBoproaya (TIT).
AHaJIi3 0CTaHHIX JOCTITKeHb Ta mMyOJriKkanii
Jist 30epeskeHHst cTanoi poOOTH CHHXPOHHHUX ABUTYHIB IPH KOPOTKOYACHUX MMOHMKEHHSX Ha-
IpYru B Mepexi abo Mmpu NpUKIaJeHHI 3HAYHOrO HAaBaHTAXEHHS JI0 BaJly ABHTYHA Y BCIX BHIAAKax
MOBUHEH BUKOPUCTOBYBATHUCS 30UIbIICHUN piBeHb Hanpyru 30ymkenHs [1, 2, 3]. HaitOinbm mieBuii
cnoci® BUKOHAHHS 3a3HAa4YeHOr0 3aBIaHHS NoJsrae B popcyBaHHi 30yIKEHHS i3 3aCTOCYBaHHSIM €MHi-
CHOI KOMIT€HCallii iHepLifHOCTI KOHTYPY, IO JOCATAETHCA HUISIXOM PO3PSAY MONEPETHBO 3apsHKEHO-
ro KOHJIeHcaTopa B 1ieil KOoHTYD [5, 6, 4].
DopMyTIOBAHHS METH J0CTIKEHHS
Meroro poOOTH € MiABHILEHHS MBHIKOIII pexxuMiB (opcyBanHsi Hampyru 30ymkeHHs CJJ
NUISXOM KOMITeHcaIlii iHepIiiHocTi 00MoTKH 30y pKeHHs (O3).
BukJiax ocHoBHOrO MaTepianay
OTprMaHi piBHSHHS MPH 3arajIbHONPUIHATUX MPUITYIICHHSX 1 TIO3HAYCHHSIX [2, 4] ereKTpidHoi piB-
HOBaru Hanpyru A1t KoHTypiB C/1 npy BMUKaHHI €IEKTPUYHOI EMHOCTI B KOHTYD 30Y/PKEHHS MalOTh BUTJISI:
Ud = rlid + p\Pd —‘cho,
Ug =Hhig+ p¥q+Ygo,
Uf =rfif + p\PI’ +UC,
pU. = Xy, (1)
0=regleg + P¥eq.
0=regleq + P¥eq:
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Pyx poropa Bu3Ha4Ya€eTHCA PiBHSIHHSM:

lI"diq —‘Pqid - MC = me (2)
CkJ1aJ10Bi TOTOKO3YETUUICHHS JUTS BIIIOBITHUX KOHTYPIB!
lPBd 212 Ud—rlid [1+&p]+\l”q(ﬂ ,
P h
lPéq :1: Uq—rllq[l+&p]+‘l’dco ,
P il
i X
g oto Ur_rfif£1+_cfp+iﬁﬂ,
p L r¢ p r¢ (3)

1(, Xoeq ). .
l{’éd :—[1"1‘ rGe ]redled,

p ed
1 Xceq .
Wsq =—| 1+ logleq -
dq p{ feg eqeq

EnexrpuyHa eMHicTh (KOHIEHCATOP) YBIMKHEHA B POTOPHE KOJI0, TO CTpyMy 30y/DKEHHs Oyae
MaTH BUTIISLL

1
It = (Ut - pysa), (4)
ri| Tos P+1+——
f( of P T, J
Xof . o . .. .
ne Top = o Te =r— — BiANOBiAHI cTaii yacy O3.
f f
Tomi:
. T,
It = I02c (Ut - pysa) ()
i (chTcp +Tcp+1)
abo

Tcp
ri (T p° +2£Top +1

)(Uf -~ Pysg ), (6)

T
e TO ZJTGfT X E_,Zﬁ

Hanpyra 30ymkeHHs npuiiMae BUTTISL
Ur=Up + U ()

Topni Bupa3 (6) HaOyae BUTISIY:

Tep

s (T02 p? + 2eTgp +1

it )(qub +Uc—P\V6d)- (8)
Bupas ctpymy O3 mipu HEKOMIIEHCOBAaHOMY KOHTYPi Y pekumMi popcyBaHHs

if :;(Urf - PYsd ) (9)
Iy (ch p +1)

VY uncenbauKy Gopmyiau (9) mictutbes Gopcyrounii 4ieH, a 3HAMEHHUK TPEICTaBICHUI KO-
JUBAJIBHOIO JIAHKOIO TIPY BiAMIOBIZHOMY BHOOpi 3HA4EeHHS €MHOCTI. IIpy HAasgBHOCTI €IEKTPHUYHOI €M-
HocTi B O3 MOkHa OUIbII iIHTEHCHBHO 3MiHIOBAaTH CTpyM. Hampyra 3apsmkenoi eMHocTi Mmoxe B 5 —10
pasiB nepeBUILyBaTH (HOPCYIOUY HAPYTy CEPiiHUX TUPUCTOPHUX 30yIKyBadiB.
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J1s TOpiBHSITLHOTL OIIHKY BILTUBY €JICKTPUYHOI EMHOCTI Ha pekuMu (popcyBaHHS 30y DKCHHS
OTPHMaHI PO3PaxyHKOBI 3aJIGKHOCTI 3 EMHICHOIO KOMIIEHcaIliero inepuidHocti O3 Ta il BiACYTHOCTI.
Pesynbrati urcenbHOro TOCTiKEHHS MpeACTaBiieH] Ha puc. 1, 2.
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Puc.1. Tlepexigni npouecu pexxuMiB GopcyBaHHS HAPYru 30yHKEHHS: KOMIIEHCOBaHUM KOH-
Typ (a); icHytounit koHTyD (0)
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Puc. 2. Tlepexiani nponecu ¢opcyBanns 30ymxenns C/l npu Hakuai HaBaHTakeHHs M = 1,8
B. 0. 1 mocajui Hanpyru B enexkrpomepexi 1o 0,8 Uy: a) 3 EHE B O3; 6) 6e3 €HE B O3

Hageneni pe3yibpTaT MoKa3yoTh, M0 cTpyM 30ymkeHHs 21,1 A y nepiioMy BUIaIKy Jocsra-
etbes 3a gac 0,091 ¢, a y apyromy — cranoButh 19,16 A 3a yac 0,45 c.

Ha puc. 2, a, 6 npuBeneHi nepexifHi npouecu pexxumy ¢popcyBanns Hanpyru 30ymxenns CJJ
NpH MPUKIAJaHHI 3HAYHOrO YAapHOro HaBaHTa)KEHHsS Ha Bajl ABUTYHa, IO JopiBHIoe M. = 1,8 B.o.
MpH OZJHOYACHIN MOCaAli HANPYTH B )KUBUIIBHIN enexTpomepexi no 0,8 U, BinnosigHo.

®dopcyBaHHs Hanpyru 30yDKEHHS MOKasye, 1o 3actocyBandst CHE B koHTYpi 30ymKeHHs 3a0e3-
nevyye yrpumyBaT B cuHXpoHi3Mi CJl 10 HaBaHTa)keHb PiBHUX M, = 2 B.0. IpH 3Ha4YCHHI HATIPYTH B Me-
pexi 0,8 U,,. [Ipu Binkmouenomy €HE npuryn Bumnanae 3 cuaxponizmy npu M= 1,58. 0. TalU =0,8 U,.

TakuMm YMHOM, aHaIi3 PO3PaXyHKOBHX 3aJICKHOCTEH MOKA3ye, IO B 00JIACTi 3HAYHUX HABaH-
taxkeHb (M, > 1) HeoOXxigHO 3acTocoByBaTH KepyBaHHS 3 €HE muisxom 3MiHM CTPYKTYypH CHIIOBOTO
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neperBoproBaya. B obnmacti manux HaBaHTaxkeHb (M. < 1) HeOOXiTHO 3aCTOCOBYBAaTH KepyBaHHS 3
HPUCTPOSIMU aBTOMATUYHOTO PEryNtoBaHHs 30y pKeHHs (AP3).

Pe3ynpTaTti BopoBakeHb MOAEIBHOTO JBUTYHA 3 €EMHICHOIO KOMIICHCALIIE€I0 1HEPLIHHOCTI KO-
HTYpY 30y/KeHHS Ta 3 1l BIICYTHICTIO HaBeJeHO Ha puc. 3, a, 0.

AmHaini3 eKCrIeprUMEHTAIBHUX JAOCTIHKEHb MOKAa3ye, 110 B 3alIPOIIOHOBAHOMY IPHCTPOI MIBUAKOIIS
pexumiB GopcyBanHs npuoau3HO B 10 pa3iB nepeBuIllye MBUAKOIIIO TPAJUIIIHHIX CHCTEM 30y KEHHSL.
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Puc. 3. Pesynbprat eKcriepuMEHTaIBHUX JIOCIIIKEHb. TIPU EMHICHIH KOMIICHCAIIT 1HYKTHB-
HOCTI KOHTYpY 30ymKeHHs (a); st cepiitHux 30ymKyBauiB (0)

BucHoBkn
Amnasiz po3paxyHKOBUX 3aJI©KHOCTEH MOKa3ye, IO B iCHYIOUHX 30yIKyBauyax MaKCUMallbHE
3HaueHHS CTpyMy 30ymkeHHs 21,1 A mocsraetbes 3a vac 0,091 ¢, a mpu kommeHcallii — 3HaYCHHS
cTpyMy ctaHoBuTh 19,16 A 3a yac 0,45 c.
BcranoBieHo, 110 MpH €MHICHIA KOMIIeHcallii iHepIiifHOCTI KOHTYpY 30ymxenns CJI mBua-
KOJlisl pO3TISHYTHX peXuMiB y 8 — 10 pa3iB BuIIa, YMM y cepiiHUX THPUCTOPHUX 30yKyBaviB.
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ENSURING STABILITY OF SYNCHRONOUS MOTORS WHEN THE VOLTAGE
IN THE NETWORK DROPS OR A SIGNIFICANT LOAD IS APPLIED

Abstract

To increase the stable operation of the LED and increase the reactive power supplied to the
network, during short-term voltage drops, in all cases, the network should use either parametric and
relay excitation forcing or applying a significant load to the motor shaft. The limitations of the existing
thyristor exciters and excitation forcing devices can be significantly expanded. The most effective way
to implement the specified task is forcing the excitation with capacitive compensation of the inertia of
the excitation circuit by discharging a pre-charged capacitor in this circuit with the simultaneous
supply of a forcing voltage from a thyristor converter.

Since the electric capacity (capacitor) is included in the excitation circuit, it is therefore ap-
propriate to determine its effect on the transient processes in the rotor circuit, partly on the nature of
the current change in the OZ in the excitation forcing mode. For this purpose, the expression of the
excitation current is found from the third equation of the system. A comparative analysis of the ob-
tained expressions shows that the presence of electrical capacitance in the excitation circuit allows for
a more intensive change in the current in this circuit, since there is a forcing term in the numerator,
and the denominator is represented by an oscillating link with an appropriate selection of the capacit-
ance value . In addition, the total voltage in the excitation circuit due to the charged capacity can be 5
to 10 times higher than the forcing voltage of series thyristor exciters.

Analysis of calculated dependencies shows that in the first case, the maximum excitation cur-
rent value of 21.1 A is reached in 0.0091 s, and in the second case, the current value is 19.16 A in 0.45
s. To confirm the theoretical propositions, experimental studies of the model engine were carried out
in the forced excitation mode with capacitive compensation of the inertia of the excitation circuit and
with serial thyristor exciters.
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