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AHAJII3 CHCTEMHOI ABAPII 3 MOPYIIEHHSAM
JIMHAMIYHOI CTIMKOCTI

Ilpoananizosano aseapito 6 enepeocucmemi 3 HOPYULEHHAM OUHAMIYHOI CMIUKOCMI 3 Memoio

HOOIOHUX cumyayisx.

Knrouoei cnoea: o06’cOnana enekmpoenepeemuyna cucmemd, CMIUKICmMb —cucmemu, HeOANaHc
nomyscHoCmi, nepexionuti npoyec.

ITocTanoBka npodaemu

[Tpobnema cTiHiKOCTI B eJEKTpOeHepreTvlll HalOyja Ba)KJIMBOIO 3HAUYEHHS uepe3 00'eHaHHS
EJIEKTPUYHUX CTaHINH 1 MepexX Ha mapalielbHy poOoTy, TOOTO 3 MOMEHTY CTBOPEHHSI €JIEKTPHIHHUX
cucreM. [1]. Ilicns HuU3KM cepilo3HHMX aBapiii B eHeprocucreMax po3BuHeHuX Kpain (CLIA,
Himeuuuna, CPCP), noB's3aHuX i3 MOPYIMIEHHSIM CTIHKOCTI, TOCT/KEHHS i€l MpoOiieMy BU3HAHE
OpIOPUTETHUM. Y [2] HaroJouIyroTh, 1110, HANPHUKIAA, y cucreMax Mocenepro i JleHenepro 3a
nepion 3 1932 mo 1934 poxm Oymo 38 aBapiii, 3yMOBJICHHX pO3JIAJIOM TapajeibHOT POOOTH.
Cepiio3Hi yCKIaJHEHHs B MIATPUMII CTIHKOCTI 00'€JTHAHOT €IEKTPOSHEPTeTUUHOI CUCTEMHU Y KpaiHu
BHOCATH Je(IIUT MaJMBHOCHEPTETUYHUX pecypciB, IO ckiaBcs Ha cvorogHi Ha TEC, 1 sk
HACJIJIOK, BIAJIOB1 BIAKITIOYEHHs CHOXUBaviB. JlepiuT akTMBHOI MOTY>KHOCTI, IO BUHHUKAE Yepe3
HecTady NajiBa Ha €JIEKTPOCTAHINAX, 3HIKYE 3amac CTIHKOCTi, MPU3BOAMUTH 0 HEMOXKIMBOCTI
HIATPUMKH HOMIHQJIBHOI YacTOTH W MOXKE NMPHU3BECTH 332 HECHPUSATIMBUX YMOB 1O MOPYIIEHHS
CTaTUYHOI CTIMKOCTI CHCTEMH 33 KPUTEPIEM TEKYydOCTi (CIIOB3aHHS) IMapaMmeTpiB pexuMy y dopmi
"7TaBUHM 4acToTH".

VY niteparypi 3 1i€ei mpobaemu [1, 3], okpiM KoHcTaTaIlii GakTiB MOPYIIEHHS CTIHKOCTI, HiJle HE
BIAJOCS 3HAWTH aHali3 NPUYMH, XOJIy M HacHiIKiB aBapiil. be3 Takoro anamizy HEMOXIIHUBI
BIOCKOHAJICHHS 1 IMIJBUINEHHS piBHSA KBalidikaiii 4eproBoro W eKCIUTyaTallifHOro MepCOHaITy
€JIEKTPUYHUX CTAHLIHM 1 MEpEXkK, a TAKOXK MiITOTOBKA Ta HABYAHHS CTYJIEHTIB-€JEKTPOCHEPTeTHKIB.

Merta ctaTTi — BUSBICHHS 1 aHAJII3 MPUYMH aBapii B 00'e1HaHIN eHeprocucTeMi; mpeCcTaBIeHHS
XpOHOJIOTIi PO3BUTKY aBapii, aHami3 pearyBaHHS 3aco0iB MpPOTHABapiiHOI aBTOMATHUKH; OIlIHKA
TEXHOJIOT11 BITHOBJICHHS CTIMKOTO IMiCIsSaBapiitHOTO PEKUMY.

Pe3yabTaT 10CaiIKEHHS

Posrmsiremo aBapito (uepBeHb 1997 r.), sika Mana Miclie B €HEPrOCUCTEMI 3 YMOBHOKO Ha3BOIO
OE 1 npu3Bena 10 MOpylIeHHsT €HEPronocTavyaHHs CIOKKMBadiB OuUTbI, HiXK Ha 10 roguH, ToMy €
Jy’e TOBYAIBHOK. 3arajibHa NOTYXKHICTH TeHepauii eneprocuctemu OE moxe mocsratu 1655
MBT, ane Ha yac modatky aBapii ¢akTuuHa reHeparis ckiaagaita 339 MBr. Ile BimoOpakeHo Ha
puc. 1, 3 IKOro BHJIHO, IO 3arajibHe HaBaHTaxkeHHs eneprocuctemu OE P, MoKpuBaaocs BIacHOO

redepaiiero noryxuocti Pr i noryxuictio P, o tpansurhiii JIEIT- 500 Big eneprocucremu OEY.
3B's13ku 3 iHUME eneprocuctemamu HE 1 BE Oynu BUMKHEHI.

Haragaemo, 1o HOpManbHUIN PEKUM, 10 BCTAHOBUBCS, Y Oy/Ib-sKiil €eHEProCUCTEM] MOKIUBUN
TUIBKHM 32 YMOBH 3a0e3ledeHHs] OalaHCy MOTYXHOCTI 1, HacaMmepesa, aKTUBHOI MOTYXHOCTI, sKa
Hece "BIAMOBIAANBHICTH" 3a 4acToTy B cuctemi. 3 puc. 1 BuaHo, mo B cuctemi OE B
nepeAaBapiiHOMy cTaHi 0ajaHC aKTMBHOI TOTYXKHOCTI CTPOTO BHKOHYBaBCS, TIOTYXKHICTh

nebanancy P, Oyna BigcyTHs (PH6 =P, -P. - P, =779 — 339 — 440 =0 (MBrT)), 1o
3a0e3nedyBasio 4actoty B cuctemi 50 I'm.
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3arajibHy Te€Hepallito MOTYXKHOCTI B

cucreMi OE B mepemaBapiiiHOMy pexuMmi

/ 3a0e3nevyBald TPH MapajelbHO MpaIoryi
4 enexrpoctaniii EC- 3, EC- 41 EC- 5 (puc. 2).

P ¢ 3a3HayMMO, IO HABAaHTAKEHHA Ha MLIMHAX
i X eJEKTPOCTAHINH, 3BaKalOYM Ha iXHIO
napajenbHy  poOOTy,  HaiuacTime — He

BIJIMOBIIAJI0O  IXHIM  BJACHIA  TeHeparii.

[TouaTok aBapii — 11 roa. 56 xB. 40 cek. 3a

* MICIIEBHM YacOM, KOJH CTaJoCsi BUMKHEHHS
N JIEII-500 Ha >xuBnsyoMy KiHmi (puc. 1) i1

HE
Pr=339 MBr
OEY

O JIEM-500

PT=440MBr

Pr=779mBr O eneprocucrema OF mepeiiniia Ha 130Jb0BaHy
po0OTYy 3 TOTYXHICTIO HebanaHca, fKa

JIOPIBHIOE

Puc. 1. [Tpunnunosa cxema 38°s13ky OE 3 P =P, - P.- P, =779 — 339 =440

IHIIUMH CHCTEMaMH (MBr).
OE

BE

Hebananc moTyXHOCTI, IO BHUHHKAE,
CTBOPIOE JTOJIATKOBHH TaJbMIBHHUA MOMEHT
IUisl poTopiB ycix reneparopiB cucremu OE.
Bin samexurs Bifg BelInuMHH HeOajaHca Ta
IHEepUIMHUX  XapaKTepUCTUK  Mac,  LIO
oOepratoTecs. Lle mpu3BOAUTE A0 3HMKEHHS
HIBUAKOCTI poTtopiB reHepaTopiB 1,
BIJITIOBIJTHO, /10 3MEHILIEHHS YaCTOTH.

[ToTenmiitna HebOe3neka 3HUKEHHS
YaCcTOTU B CUCTEMI MOJIATAE B TOMY, 1110 MOXeE
OyTu mopymieHa po00oTa MeXaHi3MiB BJIACHUX
noTped eIeKTPOCTaHIIH, TaKUX SAK: KUBUJIbHI
1 HUPKYJSLIAHI ~ HAcocH,  JIyThEBI
BEHTWJISITOPH, AUMOCOCH Ta 1H., IPUBOJ SKUX
3MIACHIOITh  enekTpoaBuryHu. Otxe, 3a
YMOBHU BUHUKHEHHSI HeOaTaHCy MOTY>KHOCTI
MOXK€E pO3MOYATHCS Taka HU3KAa TMOJNIA: 3HIKEHHS YacTOTH, 3MCHIICHHS MOMEHTIB
€JIEKTPOIIPUBO/IIB, 110 00EPTAIOTHCS; 3HWKEHHS MPOAYKTUBHOCTI MEXaHi3MIB BJIACHUX MOTPEO 1, Yy
ripiioMy pasi, NEepeKUJaHHs €JNEKTPOJBUTYHIB; MOBHE MPU3YNHUHEHHS POOOTH €JIeKTPOCTAHLIN 1
NPUITUHEHHS €HEPTONOCTauYaHHs CIIOYKUBAYIiB.

Jns 3amoOiraHHs Takoro HEraTUBHOIO CIEHApil0 B €HEeprocucTeMax 3aBkau MependadeHi
PI3HOMAHITHI CHCTEMH aBTOMAaTHKH, CEpell SKUX aBTOMAaTHYHE PETyJIIOBAHHS IIBMIKOCTI TypOiH
(APII), aBTomaTnuHe yacToTHE po3BaHTakeHHS (AUP) ta inmi. AYP, nanpuknan, 3a 3a3naneriap
BU3HAUEHUM QJITOPUTMOM 3abe3ledyye NpPUMYCOBE BUMKHEHHS YaCTUHU CIOXHMBAYiB IS
BIJIHOBJICHHsI OajlaHCy aKTMBHOI MOTY»XHOCTI. O0'eM HaBaHTa)XEHHS, SIKE BUMUKAIOTh, YEPTOBICTD,
TUMYacoBi i yacToTHiI ycraBku AYP BH3HauaroTh 3a3/aneriib, BUXOASYM 3 KIIFOYOBOiI BUMOTH —
30epexkeHHs cTiiikocTi cuctemu. Skmo AYP 3abesneuye OanaHC MOTYKHOCTI, MOKHAa TOBOPHUTH
Opo CHOPHUATIAMBHMA pe3yibTaT apapii. I[Hakiie HeMHHyde HacTae MOpYLIEHHS CTIMKOCTI
€HEeprocUCTEMHU — HAUTSKUYUN HACIHIIOK aBapii.

Posrnsimemo 3 nux mosuniid podory AUP Ha enekrpocrtanuisx cuctemu OE micis mouaTky
aBapii, To06to moumHatroun 3 11 rox. 56 xB. 40 c. 3a MiICIEBUM YacoM. 3BEpPHEMOCS 10
TeJIeMeTpUYHO1 1H(opMalii 1 mpeIcTaBUMO ii y BUIIIAAI HHKYeHaBeaeHoi Tabmauui 1 1 rpadikiB Ha
puc. 3 ipwuc. 4.

| 7omBr 143MBr |

1F1MBT

Puc. 2. Po3nozin 3aranbHO1 reHeparii moTy»HoCTi B
cucTeMi
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I3 TabGmumi 1 1 puc. 3, 4 BugHO, 1110:

— cucrema AYP Bctynuia B po6oTy depes AeKisibKa CeKYH/I Micisl I0YaTKy aBapii;

— 3a nepuii 30 cexynn aBapii AUP Bupobuna maiixe 80 % 3aranbHOro pecypcy BUMKHEHHS
HABaHTA)XCHHS,

— Hazani podota AUP xapakTtepusyeTbcss MEHIIIO IHTCHCUBHICTIO BUMKHEHHSI HABaHTa)KCHHS,

— 13 moyaTKy aBapii 1 0 BUUEpIaHHs 3aKiaaeHoro pecypcy AYP vactora B cucteMi CrioyaTKy
IIBUIKO 3HIDKYBAJacs, MOTIM JIENo cTadiIi3yBajacs Ha HU3bKOMY PiBHI, a JJajli MOHOTOHHO
noripuryBasiacs;

— 3zaranbHuil pecypc AYP, sxke Bumukaroth, 280 MBT, mo cranoButh 6mm3bko 36% Bin
HaBaHTaXXEHHs cucTeMu B 779 MBT, y 1iit aBapii BUSSBUBCS MAJIUM.

Taommus 1 JuHaMika 3MIHHM 9YaCTOTH
y 50,5
Teaemerpuuna indopmauis npo cran 5 o0 1%
eJIeKTPUYHOI CHCTeMH ¢ 19 \\
T 485 &
Yac, T. M.. Yacrora, P BUMKH., P T |
It MBT L Tere
11.56.4 50.00 0.00 ry %
45,5
11.56.5 47.52 52.80 F P aE AP APATNENE o P P 0P P
RSIRS ARSI IR RS R S S
11.57.0 48.44 76.00 Yac TOM., XBIIL, CEK.
11.57.1 48.28 92.6 Puc. 3. Ilepexinuuii mporec 3minu yactoTu B cucremi OE
11.57.2 47.96 324
11.57.3 47.88 14.00 » PoGora AUP
11574 47.80 0.00 50 7/‘
70 / \
11.57.5 47.80 0.00 Pome 60 +— o
mBr 50 / \
40
11.58.0 47.80 0.00 20 Y
20 I ‘
11.58.1 47.80 0.00 S Nololole *._L »
® S, AR A R
11.58.2 47.80 0.00 FPAEAT PN APNL o8 P P 0P o 0 o
RSN %\,}9\’%\%\;%@»\’%&% "> SRS
11.58.3 47.52 5.10 Yac, TOA., XBII., CEK.
11.58.4 47.20 1.20 Puc. 4. lunamika HaBaHTa)KCHHS, SKE
BHMKHEHO 3acobamu AYP
11.58.5 47.08 0.00
11.59.0 47.00 6.00 )
3 oIy Ha TE, IO MOKIIMBOCTI AYP BusgBuimcs Bxke
Beporo Py, MBT 280.1 BMYEPNAHMMH, a 9acTOTa MPOIOBKYBAla 3MEHIIYBATHCS,

3aBASKM ~ 3aco0aM  aBTOMATHKM 1 BTPYYaHHIO

JCTIETYEPCHKOTO mepcoHany cucrema OE crana po3minsTiucs Ha HECHHXPOHHI YacTUHU. PO3BUTOK
noJiii BigOyBaBCsl B TaKiil MOCIIIOBHOCTI:

1) 06 11 rox. 59 xB. 29 ¢c. aBTOMaTHUYHO BUILIMIIACS Ha 130;1b0BaHy poboTy EC- 3;

2) o 12 roa. 01 xB. 06 c. moBHICTIO ckMHYJa HaBaHTaxeHHs EC-4 (Ha mpodeciitHoMy »*kaprosi
"cina Ha (") yHACTIIOK BTpaTH BIIACHUX MOTPEO;

3) o 12 rox. 00 xB. 07 c. BuMKHeHO 0ok Ne 2 EC-5, BuIiIeHUH Ha HABaHTA)KCHHS BJIACHUX
noTpeo;

4) 0 12 rox. 05 xB. 43 c. 610k Ne 5 EC-5 BUMKHEHO Uepe3 HU3bKY 4acTOTy.

VY pesynbTaTi UX MO Oyl0 BUMKHEHO HAaBaHTAXCHHS 3arajbHOIO MOTyxkHicTIo 711 MBT,
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TOOTO MaB Miclle MOBHUM poO371aJ €HepronocTayaHHs CHOXKHBAyiB uepe3 MOPYLICHHS JUHAMIYHOI
cTiiikocTi cucremu. Hikde Ha puc. 5, 6 npuBeaeHi pparMeHTH CTPIYOK CaMOIUCIIIB MOTYKHOCTI U
gactrotu EC-5, mo peecTpyroTh TeleBUMIPIOBaHHS Ha BChOMY YacOBOMY Jiana3oHi aBapii B
CHCTEMI.

BuaHo, mo noTtyxHIicTh reHepamnii (BepTHKajdbHA BiCh) Ha pUC. 5 3a3HA€ CUIBHOI 3MIHM: BiX
HOopMasbHOI BemumaM 121 MBT (nuB. puc. 2) g0 pi3Koro migioMmy, MajiHHA W TOAATBIIOT
cralumi3anii Ha piBHI, AKMH 3a0e3nedye HaBaHTAKEHHs BIACHUX NOTpe6. Taky 3MiHy MOTYKHOCTI
Tpeba po3riIsAgaTH pa3oM 3i 3MIHOK 4YacTOTH Ha puc. 6. Ik MOXHA TMOSICHUTH TaKWH BEITUKHAN
CIUIECK IreHepallii Ha TOYaTKOBOMY €Tarli MepexiIHOro mporecy?

1
1
S e e I e ey e 2 JI _________ J‘ _________ SRR
1
= [ !
78| =mmmemsadbosemand Winod IERSE fbecses mcecos 45T M
1
85! \ - :
it et b gl b bt ) N
i 1
e A e e
5| i iR 1
¢ e A e J_l _____ it )
| ! 1 ‘ | |
| 1 1 |
e L R e e L e
| k *‘ }__,_If :
12l
1i.55 11,58 12,01 i2.05 12,08 12,11
100° 150 T30 ‘00 720 140

Puc. 5. lunamika 3minu noryxsocti (MBT) EC-5 mig uac Puc. 6. [lunamika 3minu yacroru (I'y) EC-5 min yac aBapii
aBapii

3a3HayMMoO 1€ pa3, 10 Yy BIIHOBJIEHHI OajlaHCy MOTY>KHOCTI B CUCTEMI O€pYTh y4acTh CUCTEMU
(AYP) 1 (APIL). Ilepma 3aiiicHIOE TPUMYCOBE 3HMKEHHSI HaBaHTa)KEHHS, a Jipyra — 30UIbIIEHHS
HOTY>KHOCTI TeHepauii. SIk 3a3Havanocs paille, 3a HmapaieiabHOl poOOTH CTaHLil iXHE (aKTHUHE
HaBaHTa)XCHHA, SK MpaBWJIO, He30ajJaHCOBAHE 3 MOTYXHICTIO reHepauii. [lif yac BUMKHEHHS
JIETI-500 Hakuja HaBaHTaXEHHS Ha OKpemi cTaHmii Oyae He onHakoBuM. Lli 1Ba YMHHUKH
IPU3BOJATH IO TOTO, L0 1 TajJbMiBHI MOMEHTH Ha T€HepaTopax HapajesibHO MPAIIO0UnX CTaHIIN
OyayTh pi3HUMH (Ha mpodeciifHOMY KaproHi — BOHM OTPUMaroTh pi3Hi "momroxu"). HeonHakoBi
raJlbMiBHI MOMEHTH pPa3oM 13 PI3HUMH I1HEPUIMHMMU XapaKTePUCTUKaMH CTaHIIN CTBOPIOIOTH
HEOJIHAKOBI 3MIHHU IIBUJKOCTI POTOPIB reHEpaTOpiB i, BIAMOBITHO, YACTOT, 110 PO3PI3HAIOTHCS, HA
pi3HUX craHmisx. Toxdl 1 Bctynae B airo cucteMa AP 3 migBuienHs renepartii moty»HocTi. Tax
MOJKHA TOSICHUTH 3pPOCTaHHS TMOTY>KHOCTI TeHepamii (puc. 5) 1 maaiHHA 4YacTtoTh (puc. 6) Ha
MOYaTKOBOMY €Talli IepeXiTHOTO MPOIIECy.

[licns po3aineHHs CcUCTEMM Ha HECHMHXPOHHI Mpailoroui 4YacTMHW W BuMmkHeHHs EC-4
nepexigHuil aBapiiHUN mnporiec (aKTUYHO 3aKIHYMBCS 3 YKpal TsOHKKMUMU Haciiakamu. Jlami
HNOYMHAETHCSI POOOTa 3 BIHOBICHHS HOpMaibHOI cxemu cuctemu OE, sika mpoxoauTh y Takii
MMOCITOBHOCTI:

1) o 12 rox. 48 xB. 3a MicLIEeBUM yacoM OyJio moaaHo Hanpyry Ha muHu EC-4 no miHii 3B'13Ky 13

cuctemoro HE (nuB. puc. 1);

2) o 13 rox. 36 xB. 6yna BBimkHeHa JIEIT-500 i1 movanocs ii 3aBaHTaKEeHHS;

3) o 13 roa. 37 xB. Oyna 3pobieHa cuaxponizamis EC-3 13 cuctemoro;

4) o 16 ron. 24 xB. Oyna 3aiiicaena cuaxposizaiis EC-5 i3 cucreMoro;

5) o 17 roa. 30 xB. OyB 3amymienuit y pooory 6s0k Ne 5 va EC-5;

6) 020 rox. 40 xB. OyB 3amyiieHuit y podoty oauH i3 TypooreHepatopis EC-4;

7) o 22rox. 10 xB. Oynu 3HATI Bci oOMexeHHs 3a cuctemoro OE.
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BucHoBku

[IpoBeneHuii aHami3 MpUYHMH, XOAYy W HACTIAKIB aBapii J03BOJSE 3pOOUTH JEsKi BUCHOBKH 1
NPUITYIICHHS, SKI MOTJM © JONOMOITH YHUKHYTH a00 MOM'SKIINTH TMOAIOHI SIBUINA Hagam B
cucremi OE.
1. Heo0xinHO 301IBIIUTH BIACHY BCTAHOBJICHY T€HEPYBAJIbHY MOTYKHICTb.
2. HeoOxinHO 301IBIIMTH YaCTKY MOTY>KHOCTI, SIKa PE3ePBYETHCS VIS BiAMPALIOBAHHS CUCTEMHU
AUYP, nopiBHSHO 13 3araJpHUM 00'€éMOM HaBaHTAKCHHS.

3. KopucHo po3risHyTH CKIaiHimi aiaroputMu ynpaBiiHHa AYP mOpiBHSHO 3 HasBHUM
NPaBUJIOM POOOTH 3 BIIXHMJICHHS YacTOTH, HAPUKIIA, 3 BIAXMICHHS HeOallaHCca MOTYKHOCTI,
il IIBUAKOCTI 1 HABITH IPUCKOPEHHS.
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POWER ENGENEERING AND ELECTRICAL ENGINEERING

L. Tereshkevych, Cand. Sc. (Eng.); V. Miloserdov, Cand. Sc. (Economics), Assist.
Professor

ANALYSIS OF SYSTEM FAILURE WITH DISTURBANCE OF DYNAMIC
STABILITY

Failure in power system causing the disturbance of dynamic stability is analyzed in order to prevent or
minimize its consequences as a result of applying optimal strategy of operation in similar situations.

Key words: unified power system, system stability, power imbalance, transient process.

Problem set up

The problem of stability in electric power engineering became very important when electric
stations and electric grids were united for parallel operation, i.e., since the time of creation of
electric systems [1]. After a number of serious accidents in energy systems of the developed
countries (USA, Germany, USSR), caused by the disturbance of stability, the investigation of this
problem is considered to be of great importance. In [2] it is stressed that, for instance, in the systems
of Mosenegro and Lenenergo in the period of 1932 -1934 38 accidents, caused by the disturbance
of parallel operation, took place. The deficit of fuel energy resources, present nowadays at thermal
power plants ( TPP) of Ukraine and, as a consequence, rolling blackouts of the consumers greatly
complicates the stability of unified electric energy system of Ukraine. Lack of fuel at electric power
stations and active power shortage decreases the stability margine, it becomes impossible to
maintain nominal frequency and may lead, under unfavourable conditions, to the disturbance of
system stability by the criterion of mode parameters flow (drift) in the form of “frequency
avalanche”.

In the literature, on this problem [1, 3] except statement of the facts of stability disturbance, it is
not possible to find the analysis of the reasons, course and consequences of the accidents. Without
such analysis improvement and increase of qualification level of operating and duty staff of electric
stations and grids as well as training of the students in electrical power engineering is not possible.

Aim of the paper

--revealing and analysis of the reasons of the accident in the unified energy system;
--submition of the chronology of accident development;

--analysis of protective automatic devices reaction

--evaluation of the technology of stable after accident mode recovery.

Results of the study

The given accident (June 1997), that took place in energy system with the convectional name
UE, led to the disturbance of power supply of the consumers for more than 10 hours and that is why,
it is very instructive. Total generation power of UE energy system may reach 1655 MW, but at the
moment of time prior to the start of the accident, actual generation was 339 MW. This is shown in
Fig. 1, it is seen from this Fig. that total load of UE energy system P; was covered by its own
generation of power P, and power P; by transit over-head transmission line — 500 from UEU energy
system . Links with other energy systems — NE and BE were disconnected.

It should be noted that normal mode, that was established, is possible in any energy system only
when power balance and active power, “responsible” for the frequency in the system are provided.
It is seen from Fig. 1, that in UE system in prefault state the balance of active power was strictly
executed, imbalance power P;, was absent, P, = Py — Py — P = 779 — 339 — 440 =0 (MW) that
Haykogi mpaui BHTY, 2015, Ne 1 1
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provided system frequency 50 Hz.

Total generation of power in OE system in prefault -mode was provided by three parallely

operated power stations ES- 3, ES- 4 i1 ES- 5 ( Fig. 2).
We should note that loading on the buses
NE O of these power stations, taking into
, consideration their parallel operation, as a
P rule, does not correspond to their own
Pe=339MwWw generation . Start of the accident is referred to
/ 11 hr. 56min. 40 sec. of local time, when
UEU S / disconnection of line — 500 took place on
Transmission line - 500 supplying end (Fig. 1) and energy system OE
started to operate in isolated mode, the

P: =440 Mw N imbalance power equals

\ S Pi.=P, - P, — P, =779 — 339 =440

Prn=779 MW (MW).

BE O The emerging power imbalance creates
additional braking torque for the rotors of all
generators of UE system. It depends on
imbalance value and inertia characteristics of
rotating masses. This leads to the decrease of
generators rotors speed and, thus, to frequency
drop. Potential danger of frequency drop in
the system is that the operation of the station
auxiliary needs mechanisms such as supply
pumps, circulating pumps, flow fans, smoke
exhausters, etc., drive of which is performed
by electric motors may be violated.

Thus, in case of power imbalance the
following series of events may occur:
frequency drop — decrease of the moments of
rotating electric drives — reduction of
auxiliary mechanisms performance and, in
worse case — changeover of electric motors —
complete shut-down of electric stations and
outage of energy supply.

Fig. 1 Schematic diagram of UE connection with other
systems

Fig. 2 Distribution of total generation of power in the system

To avoid this negative scenario, various automatic means are provided in energy systems, namely,
automatic regulation of turbine speed (ARTS), automatic frequency off-loading (AFL) and others.
For instance, AFL, according to preset algorithm, provides forced disconnection of the part of
consumers to restore active power balance. Volume of disconnected load, order of priority,
temporary of frequency AFL settings are determined apriori, proceeding from the key demand —
maintaining of system stability. If AFL provides power balance we may speak about positive result
of the accident. Otherwise, energy stability violation becomes inevitable ---it is the worst result of
the accident.

From these positions we will consider the operation of AFL at power stations of UE system after
the start of the accident that is, beginning from 11 h. 56 min. 40 sec. of local time. Let us study the
telemetric information and present it in the form of the table 1, given below and graphs in Fig. 3 and
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Fig. 4.

It is seen from the Table 1 and Figs. 3 and 4 that:

-AFL system started operation only several seconds after the start-up of the accident;

-during first 30 seconds of the accident AFLS worked almost 80 % of the total resource of load
sheding;

-further AFL operation is characterized by less intensity of load sheding;

-from the beginning of the accident and to the depletion of AFL resource, frequency in the
system first dropped rapidly, then stabilized at low level, and further monotonously worsened;

-total AFL resource being shedded, is 280 MW, that was approximately 36 % of the system load
in 779 MW, in the given accident turned out to be small.

Table 1 £ 505 Frequency change dynamics
r 50 (&
e 49,5 \
Telemetering information about the q 49 \\
state of electric power system u ﬂfzg —0 [
e PO —n L
Hr, hr. Frequency, | P shed., MW 0 47;3 T
month.. Hz y 4!’22
11.56.4 50.00 0.00 Hz 455
R R I R R R R K R S R K.
11.56.5 47.52 52.80 &p“’\@*’\’@ 06‘009\\6‘06‘0"‘ 0‘*’0_*’»@“’ o %"\@“’ S
11.57.0 48.44 76.00 Time fr., min.. sek.
11.57.1 48.28 92.6 Fig. 3. Transient process of frequency change in UE system
11.57.2 47.96 324
11573 47.88 14.00 Operation AFL
100
11.574 47.80 0.00 o 50 A
MW g F\
11.57.5 47.80 0.00 60 ) 4 \
11580 47.80 0.00 0 4 \
30 \
11.58.1 47.80 0.00 0 N
10 4
11.58.2 47.80 0.00 04 N0 o?
9 ) S D P )
11.58.3 47.52 5.10 (’}co@(‘;o (,;\@ \’0;\ QN 4\“9 %%@@7’%%}@?’%%- c;t;-"”cg’f?
YRy 'C' WYY Ry *\,"’ RN e g
11.58.4 47.20 1.20 Time hr., min., sek.
11.58.5 47.08 0.00 Fig. 4. Dynamics of loading, shedded by AFL
11.59.0 47.00 6.00 o .
Taking into account the fact that the possibilities of
Total  Pipea, MW 280.1 AFL turned out to be exhausted and the frequency

continued to decrease, system OE became to be divided
into asynchronous parts by means of automation facilities and actions taken by dispatching staff.
The events took place in the following sequence:

at 11.59.29 EC- 3 automatically allocated for isolated operation;

at 12.01.06 EC- 4 completely shedded the load (in professional slang — “sat on 0”) as a result of
auxiliary power losses;

at 12.00. 07 unit Ne2 of EC- 5 was disconnected, and was allocated for auxiliary power loading;

at 12.05.43 unit Ne5 of EC- 5 is disconnected due to low frequency.

As a result of such events loading of total power 711 MW was disconnected, that is, the complete
disorganization of energy supply took place, as a result of violation of dynamic stability of the
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system. Below, in Fig. 5 and 6, fragments of recorder charts of EC- 5 power and frequency are
shown. They record telemeterings in all time range of the accident in the system.

It is seen, that generation power (vertical axis), Fig. Sundergoes considerable change — from
normal value of 121 MW (see Fig. 2) to sharp increase, drop and further stabilization on the level,
that provides loading of auxiliary power. Such change of power must be considered together with
frequency change in Fig. 6. How could such great surge of generation at the initial stage of transient
process be explained?

*7“;" ______ [ e e
| PR === ! ! ! ; ll
126j-----=-—~ SIS LR e ST ol sioee Al s e e 00 o 4
‘ 1 1 1 | \
I
158 [---mmmmm- o S S e e
t 1 i ! '
e bmmeaas 1‘}» ~~~~~ iR SEEEE EESEER fpessesssa]
1 1 1
121',,.4_4___1.; _______ JI _________ J{ ________ J: _________ _; _________
J h ' 1
_?l ‘ t — ! 1
(=) IS A —-—— u---p-—‘—'—"l ------- e Hooommmss
; ol A | |
e = TRV EVEDE e TR e e L RN e ) P U A
: U ;
e i ! (I ] [
A o i S RN VE i o i S VST e
¥ | i 1 I
7 (s S M A I PR el LR e J__l ,,,,, dememmomas s s oo
t ! 1 ‘ ! !
! ! 1 1 1
e i s T !
L ) | I
iz + 5
A 1,38 i2.01 i2,05 12,08 i2,11
: 120 140 ils T30 40
Fig. 5. Dynamics of EC- 5 power change (MW) during the Fig. 6. Dynamics of EC- 5 frequency change during the
accident accident

It should be noted, that systems of AFL and ARTS take part in restoration of power balance in
the system. The first system performs force decrease of loading, and the second system performs the
increase of generation power. As it was mentioned before, in parallel operation of power plants their
real loading is not, as a rule, balanced with generation power. In case of transmission line-- 500
disconnection load surge on separate power station will not be the same. As a result of these two
factors braking moments on the generators of parallely operating power station will be different (in
professional language — they will get different “kicks”). Different braking moments along with
various inertia characteristics of power stations create different changes of generators rotors speed
and, hence, frequencies, that differ, at various power stations. In this case, ARTS system for
generation power increase, starts to operate. In such a way the increase of generation power (Fig. 5)
and frequency drop (Fig. 6) at the initial stage of transient process can be explained.

After the division of the system into nonsynchronous operating parts and EC- 4 disconnection
transient emergency process was cover with very serious results. Further, the work, aimed at
restoration of normal circuit of UE system started, it was performed in the following sequence:

at 12.48, local time, the voltage was supplied to buses of EC- 4 along communication line with
system NE (see Fig. 1);

at 13.36transmission line-500 was connected and its loading began;

at 13.37 synchronization of ES- 3 with the system was performed ;

at 16.24 synchronization of ES- 5 with the system was performed;

at 17.30, unit Ne5 at ES- 5 was put into operation;

at 20.40 one of turbogenerators of ES- 4 was put into operation;

at 22.10 all the limitations from UE system were removed.

Conclusions

The analysis of reasons, course and consequences of the accident allows to make certain
conclusions and assumptions that would help to avoid or soften similar phenomena in UE system.

It is necessary to increase auxiliary installed generating power.

It is necessary to increase the portion of the power, reserved for AFL systems, as compared with
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total volume of loading.

It is expedient to consider more complex algorithms of AFL control as companed with the
existing rules of work; for instance, regarding deviation of power imbalance, its speed and even
acceleration.
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