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FUNCTIONING TESTS (EXPERTISE)‘@F AUTOMATIC VOLTAGE REGULATORS
OF SYNCHRONOUS GENERATORS USING
JSC «NIIPT» DIGITAL-ANALOG-PHYSICAL COMPLEX
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The unique JSC «NIIPT» digital-analog-physical complex is
the largest electrodynamic model of power system in the
world
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80 generators and ' : E | 1.3 150 power transformers,
prime movers - 700 transmission lines

Control room

8 HVDC transmissions, '
shunt reactors, SVC, SC, 166 complex loads

STATCOM
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*/ "f% Anal%and digiféfparts of

”////// JSC «NIIPT> d

al-analog-physice I_ complex

Adjustable analog and digital models of steam,
hydraulic and gas turbines with its control systems

« Models of automatic voltage regulators of various
modifications

 Devices of power system perturbation modeling and
operation of the local and centralized emergency
automation complexes

 Transducers for electric parameters (I, U, P, Q, 6, s) the
sighals of which are used for control, measurement
and registration

o System of digital oscillographing
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@ Basic applications of

//// ~ JSC «NIIPT» dﬁf’tal—analog-phygj_gal complex

Researches of power systems of any level of
complexity

Expertise of new automatic voltage regulators and
development of recommendations about its
application in the unified power system (UPS) of
Russia

Adjustment of automatic voltage regulators for
concrete generators in power system «on a turn-key
basis»

Full-scale functioning tests of control devices,
protection and automatics, systems of automated data
management (in real time)
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RESEARCHES OF POWER SYSTEMS
OF ANY LEVEL OF COMPLEXITY
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Power system
of Central China

The world largest physical model was created in JSC «NIIPT»
in 1997 for the «Three Gorges» (China) power system research n
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FIG. 23 EDS — SCHEME 2005 CENTRAL CHINA
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; / Power system of Easte_m Chl_n_g

FIG.4 EDS — SCHEME 200S EAST CHINA
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EXPERTISE OF AUTOMATIC VOLTAGE
REGULATORS OF SYNCHRONOUS
GENERATORS AND

DEVELOPMENT OF RECOMMENDATIONS
ABOUT ITS APPLICATION IN UPS
OF RUSSIA




Official letter «About application

of automatic voltage regulators

for generators with the capacity 63=1200 M5

PoccHiickoe OTKPHITOE AKIMOHEPHOE 0OILECTBO JHEPTeTHKH H JNEKTPHHKALIHY
“E3C Poccun”

JenapTaMeHT reHepaIbHOi HHCIEKIMH 110 SKCIUTYATALMH NEKTPHYECKUX CTaHLH H ceTeil

CuctemHBIi onepaTop - LIeHTpanbHOe IUCIETYEPCKOE YNPABICHHE
Enuuoit IHEPTETHYECKON CHCTEMBI

HHGOPMAIIMOHHOE THCBMO HIT- 32- 2004(T1I)

O NpHMEHEHHH ABTOMATHHECKHX PErYARTOPOB Bo3byaaenus
A5t FeHEPATOPOB MoHOeTLI0 63-1200 MBT

B nacroswee spems 8 EDC Poccuu B 3KCIUIyaTauHH HaxoadTcs GoMblioe KOAHYECTBO
MOPANEHO H (HIMYECKH YCTAPEBIIHX CHCTEM BO3OYK/IEHHA C ABTOMATHYECKUMH PEryJATOPaMIH
BO30YHIEHHA CHIBHOIO OEHCTBHA (PEryTMpPOBRHME N0 MPOH3BOJHBIM HANDAKCHMA CTATOpR,
WaCTOTH CeTH, Toka potopa) Tuna APB-CJI, APB-C/JI[1, APB-CJI[11, BRINONHEHHBIX HA CTApOi
anemMenTHOH Oase. B Toike BpeMa Ha pAfe SMCKTPOCTAHUMHA HAUMHAKOT BHEJAPATHCH CHCTEMbLI
B036Y)KIEHHS HOBOTO MOKO/NEHHA ¢  MHKPONPOLECCOPHBIMU perynatopamu. [Tpuuém, kponme
OTEYECTBEHHEIX CHCTEM BOIGYKIEHHA C MMKPONPOUECCOPHBIMM PETYIATOPAMH  CIIBHOIO
NeHCTBHA B HEKOTOPBIX 3HEPrOCHCTEMAX OKCIUIYATHPYIOTCH M CHCTEMBl  BO3DYMiEHHA
3apyGexHBIX GHPM.

OnHaKO aBTOMATHYECKHE peryisTopsl Bo3OyseHna 3apybeiHbiX npousBoauTeEncii
BECHMa CYLIECTBEHHO OTJIHYAKTCA OT OTEHECTBEHHBIX KAK M0 CTPYKTYPE MOCTPOCHHS, 3aKOHIM
PeryIHpOBAHMA, TAK M 10 MCMOJBIYEMEBIM B HHX napameTpam ans crabunmsalid pesuma B
CHCTEMHEIX CTAGH/IH3ATOPAX PEryNATOPOB BO30YXiAEHHA 3apy0eiKHOTo NPOH3BOACTBA TAKIX
¢upM, kak ABB u SIEMENS, o0bHO MCTOABIYIOTCA He mpiMenseMble B dnepretuke Pd

PAMETPbI VLN CTAOMIIM: PEKHMA 10 [IEPELEYE — HIEKTPUYECKER MOLIHOCTE M HacToTa
BPALICHAA BANA NeHeparopa. AHAIH3 CTPYKTYPbL H 3aKOHOB PEry/MpOBAHHMA yKasauHex APB
TNOKa3BIBAET, YTO OHH obecneunsaioT NPHEMJIEMOC  KA4yeCTBO CTEsMﬂ“SBu“H pekHME B
KOHUCHTPHPOBAHHBIX 3HCPIOCHCTEMAX, XAPAKTEPHBIX J7d pa3sBHTRIX CTpaH 3anafa, Ho
OKAa3BIBAIOTCA HEAOCTATOMHO IPPEKTHBHBIMH NPH Henoab3osanni B EDC Poccun.

Hanpumep, npopenednsie 8 2002 rofy CcHCTEMHHIE HCOLITAHHA N0 BKIKYEHIO
aneprobnoka Nel Cepepo-3aneano TILL na napannensiyio pabory ¢ ®unnsnameii noxasuiu,
yto crabunmsauua pexuma no auuun 330/400 kB Cesepo-3anmaanas TOLL - Yullikkala
3Q(GEKTHBHO OCYIIECTBASETCA TONLKO YCTAHOBAEHHEIM HA [EHEPATOpe MApoBOi TypOUHLL
perynatopoM Bo3bysnenus tvna APB-CJII], a cuctemunie crabunusatopsr ST-1A dupmsl
SIEMENS, ycTaHOBNEHHElE HAa T[EHEpPaTOpax rajoBhX TypGuH, NpHHUMOHANEHO He
np WIS AeMndup HH3KoyacToTHOH (0.25 - 035 Tw) cocrasnsiouieit
OTHOCHTENIBHOTO [BHAKCHHA POTOpOB. MCIBITAHHA TAXOKE [IOKA3ANM, YTO W CAMM CHCTEMLI
BO30YHKUCHHA reHepatopos rasoBslX TypGux dmpmni SIEMENS cywectsenso ycrynaior
OTEYECTREHHEIM THPUCTOPHEIM CHCTEMaM MO GHICTPONEHCTEHIO M KPATHOCTH (GOpCHPOBKH N0
HATPAKEHHIO.

B 1997-98rr. OAO «HMHIIT» nposoiuno cpapHUTENLHMWHA AHATH3  CHCTEMHOTO
crabunuzatopa Tuna PSS (ABB) u APB-C]| B pamkax nccnenosanuit sneprocuctemsl «Tpn
Yuwensan (KHP). Pesynbtarsl MccneZoBanud nokasand, 4to ctaGHnusatop THna PSS umect
Gonee HUaKyI0 3¢ heKTHBHOCTL AeMNGUPOBAHMA HUIKOUACTOTHEIX KoneBanuii B 3HeprocucTeme
no cpasHeruio ¢ APB-CJI kax B ciyyae BbIIAYH MOLIHOCTH No npoTmkennsiM BJ1 v cnoxmoit
CXEME JHEPrOCHCTEMBI, TAK H B JIPYTHX CXEMHO-PEKHMHBIX CHTYALHAX.

B GOnbMHCTBE  OTEYECTBEHHBIX ponp puLx  APB, xen ©
cuctemamu Boabyxaenns OAO «nextpocunan (APB-M) u @®I'YIT «HHHDnekrpomamn
(YHHPEL) np A " 2 P € SUKOMBI  YHpawicind, paice

peatuIoBanHLie B perynatopax BoiBymiexus THna APB CJI, APB-CHITl, APB-CHTTIM u
XOPOLIO 3apeKOMCHI0BABLIHE Celal B TeUenHe MHOTONETHET IKCTUTYATALMH,

Kpome Toro, OAO «3JICHB» paspaGotan W npeaiaraeT K TMOCTABKE CHCTEMEI
B0IGYMAEHHS ¢ MHMKPOTIPOLIECCOPHBIM PETYJIATOPOM, PEalu3yiolMM  &ITOPHTMBl  TEOPHMt
HeyeTKOM JIOrHKH.

Tlo sananmio JlenapraMenTa HaYYHO-TEXHHYECKOH NOAMTHKH H paseuTHs OAO PAO «EDC
Pocenun, 8 OAO «HHUUIT» Guina paspaboTana nporpaMMa CHCTEMHEIX MCTIBITaHHUIL perynaTopa
po3Byuenns APB-M, cobpana Monens O3C CHOMPH 1 NpoBefenb! HCTILITAHHA, N0IBOIHBLIHE
OLEHUTb €ro SO(EKTHBHOCTH [0 YCIOBMAM CTAOMAMIZUMM PEKHMA KAk NPH  MAILIX
BOIM, TAaK i NpH chp Bonpumx PHAHEIX anmil.  Menerranua
NOIBONKIH CYLLECTBEHHO COKPATHTH Bpems nBoja APB-M ma cTanumu, Tak Kak Hactpoiika
xananos APB-M 0wna BINONHeHa B YCHOBMAX (H3mueckodi monenu. [lo pesynstaram
MCMBITAHHA  BRIMYIEHE  HAY9HO- p JALUHH N0 HMCrnonk Ha
INEKTPOCTAHUMAX PEryaTopa Bo3byiuienns APB-M, yrhepijennbie JlenaptaMenToM Hay4Ho-
rexunueckoll nonutikn PAQ «E3C Poccuun. [lepssie cepuiinbie ofpastbl peryastopos
BO3OYKNEHHA YCT 1 Ha Kp pexoft ['IC, Bonro, AJC, Bypefickod I'3C # Ha
PAIE APYTHX INEKTPOCTAHLAT.

B wuactosumee spems OAO HHMIIT coBMecTHO ¢ JApYruMH HHCTHTYTaMHM OTpaciu
paspaboTanc THNOBYIO CXEMY MOMEIHM HEPrOCHCTEMEl M THIOBYIO POTPAMMY KOMIUIEKCHLIX
CHCTCMHBIX MCIBITAHMA TONOBHBIX OBPAILOB  PEryNATOPOB  BOIGYIKAEHHA  CHHXPOHHEIX
reneparopos (APB) B 3700 cxeme, koTopas yTeepaiesa JlenapTaMeHTOM HayUHO-TEXHHYECKOR
nonutrkn K paseuti 1 CO «(JTY-E3C».

B uensx ofecneuenus cucremmoii HanexnoctH EnuHo Onepretnueckoit Cretemsl
Jlenay iT  Hay # noautukn  coeMectHo ¢ OAO «CO-LJIY EDC»
]PEKOMEH[IYET MPHMEHATh CHCTEMB BO3GYHKIEHHA OTCUECTBEHHOro NpOHIBOACTBA. B cnyuae
NPHHATHA PEIEHHA O YCTAHOBKE perynstopa BoiGysmnenns 3apyBemHoro nponiBoacTsa,
HeofX0HMO TIPOBECTH MCMEITAHMA B COOTBETCTBHHM € THmoBOH mporpamMMoll yTeepkneHnol
JlenapTamMenToM Hay4HO-TEXHIMECKOH TOMMTHKH, H OCymecTRuTh cornacosakne ¢ OAO «CO-
LY E3Cy.

IlepBblii 3amecTHTENE /
HAYANBHEKA j M.IO. JlbBos

JlnpekTop no ynpasienuio
pexumamu EIC- rnapneiil nucnetyep

OAO «CO-ILLY E3C» (7 A.D, Bonnapenko

[lefiko 710 51 78
Jlesanponckuit 927 94 95
Pacceinaetcs: 4.1,5,6.1,6.3,64,8.1,82,83,85

B uensx obecneuenus cucteMHoii HapexHocTH Emunoit Duepretuueckoit Cucrembl
Jlenaprament HayyHo-TexHuueckod nomutuki  cosmectio ¢ OAO  «CO-LUTY EOC»
PEKOMEHIYET NPUMEHATh CHCTEMbI BO3OYXIEHHA OTEYECTBEHHOTO NMpOM3BOACTBA. B ciyuwae
MPUHATHA PEIEHHS O YCTAHOBKE pEry/sTopa BO3DYKIeHHs 3apybexHoro npou3BOACTRA,
Heo6XOAMMO MPOBECTH MCMBITAHUA B COOTBETCTBMU C THTMOBOH NporpaMMol yTBepkaeHHOM
JlenapTaMeHTOM Hay4HO-TEXHMYECKOH MONMTHKH, W ocywecTBHTb cornacoBatue ¢ OAO «CO-
LAY ESC». 12
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Poccuiickoe aKuHOHEpHOE 001UECTBO YHEPreTHKH H JIeKTPHpHKAUHH

«EI3C Poccnn»
COTIJIACOBAHO: YTBEFKJAIO
JupeKTop Mo ynpasieHHIO [NepBelii 3aMecTHTENbL HAYAIbLHHKA
pesxumamu EDC-rnagubiii aucneryep JlenapTaMeHTa HayUHO-TEXHHYECKOi
0AO «CO-LUTY EDC» MOMUTHKH H Pa3BHTHA
= PAO «E3C Poccnny
d A.®.Bonpapenko =TT B bobrmce
EXHHUECKOH
« 2004 r. FREK- 2004 r.
i -
3amecturens ['eHepansHOro HayuHei# pyKOBOAHTEE
JIMpeKTOopa 110 Hay4HOH paboTe

OAO «HMucTHTYT OAQfI:mT),

SHEPI'OCETBITPOEKT

JL.HoBukoB

2004 r.

NPOTPAMMA
KOMILIEKCHBIX CHCTEMHBIX UCTTBITAHUI
MHUKPOIIPOLECCOPHBIX ABTOMATHUYECKHX

PEr'YJATOPOB BO3BYXXKAEHHSA CHHXPOHHBIX

TEHEPATOPOB

(THITOBASA).

3aB. oTACIOM INEKTPOIHEPIE€THHECKHX CHCTEM

OAO GHMHITT» o pCBexxems
PykoBoauTens paboTE,

3aM.3aB OTZETIOM 2JIEKTPOIHEPreTHYECKHX CHCTEM,
0AQ «HHUATIT» AX.Ecunosuy

Canxt-IlerepGypr, 2004r.



MPOTOKOI COBEIITAHKHA" . -~
no pesybmamam UCHbIMAHUIE ASMOMAMUNECKUX PE2yAAMOpOs
so3dyrcoenus UNITROL, uszomosanempix komnanueii ABB, no
«llpozpamme KOMRIAEKCHBIX CHCRICMHBIX UCHBIMANUE
MUKPORPOKECCOPIBIX ABHIOMAMUNECKIX PEYARINOPOE 6030YHCOeH A
CUHXPOHHBIX 2EHEPAIMOPOS) HA UUPPO-AHANV20-lusuuecKom KoMIVIEKCe
OAO «HHHAIT».

ABB UNITROL perynsropet Bo30yxkzacuus, w3roToBisemsie ADBD,
cootsercreyroue IEEE Std 421.5 u "Computer Models for Representation
of Digital-Based Excitation Systems", ony6nuxopanupiM B IEEE
Transactions on Energy Conversion Tom 11, usganue 3, centabps 1996,
TN STSB n UNITROL cHeTeMHEIH crabunn3aTopos, usrotosnsembix ABB,
cootsercTBylomux IEEE Std 421.5 u "Computer Models for Representation
of Digital-Based Excitation Systems", onyOnukoBanueiM B IEEE
Transactions on Energy Conversion Tom 11, n3nanue 3, centabps 1996, tun
PSS2B, npowan KOMIUIEKCHBIE HCNBITAHHA HA  COOTBETCTBHE
TpeGosannsim  OAO  PAO  «EDC  Poccuu» mo  ycToiuHBOCTH
napanaenboii  paboTel M HANEKHOCTH  3IEKTPOCHADKEHHS MO
«Ilporpamme KOMIICKCHBIX CHCTEMHBIX HCTBITAHUG
MHKPONPOUECCOPHBLIX ABTOMATHYECKHX PCIYJIATOPOB Bo30ymaeHHs
CHHXPOHHBIX I€HepaTopoB» Ha UHPPO-aHATOro-PHIHICCKOM KOMILIEKCEe
OAO «HHUHIIT», npu3HAHLI COOTBETCTBYIOWIHMH BbILIEYKA3AHHBIM
TPeGiORAHHAM H MOTYT GbITh PeKOMEHIOBAHBI LI HCHO/AL3OBAHMS HA
anekTpoctaninax Poceniickoii Mexepanuu.

Or OAQO «CO-LITY EDCw:

pyxopoauTess LieHTpa MHHOBAIMOHHBIX TeXHOMOr it Pt

YTpaBTeHnA PEKAMAaMH e =" AB.Jleranniosckii
O OAO HHMITL: o

3B, OTIIE/IOM MIEKTPOONIEPreTHHeCKIX CHCTEM. (ot 25 “Cr AC3exxers
M348, OT/IETIOM MEKTPOIHEPIETHYECKHX CHCTEM, ]
PYKORO/THTEIT: IPOEKTa 1 AX Ecunosuy

&
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Approved
JSC NIIPT research manager

,_M&shcheev

18 May 2006.

Minutes of the meeting
by the results of tests of ABB UNITROL voltage regulators, being manufactured
by ABB, according to the “Program for integrated system tests of microprocessor
based automatic voltage regulators for synchronous generators” on the NIIPT
0JSC's digital-analogue-physical complex

The ABB UNITROL voltage regulators being manufactured by ABB in
compliance with IEEE Std 421.5 and "Computer Models for Representation of
Digital-Based Excitation Systems" published in IEEE Transactions on Energy
Conversion, Volume 11, Issue 3, September 1996, type STSB, and UNITROL
power system stabilizers manufactured by ABB in compliance with IEEE Std
421.5 and "Computer Models for Representation of Digital-Based Excitation
Systems" published in IEEE Transactions on Energy Conversion, Volume 11,
Issue 3, September 1996, type PSS2B, have passes integrated tests for
conformity to the requirements of RAO UES of Russia as to the stability of
parallel operation and power supply reliability according to the “Program
for integrated system tests of microprocessor based automatic voltage
regulators for synchronous generators” on the NIIPT OJSC's digital-
analogue-physical complex have been considered conformant to the above-
mentioned requirements and can be recommended for the use at power
plants in the Russian Federation.

On behalf of JSC “SO CDO for UES”
the head of the Center of innovative

e
technologies of management of modes = A. Levandovsky

=

On behalf of NIIPT OJSC:

Head of the Power System department —ﬁM&’f A. Zekkel
J

Deputy head of the Power System department,

project manager

A. Esipovich
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Poccuriickoe aKuHoHepHOe 00IIECTBO IHEPreTHKH H HIeKTPH(HKALHK

«EDC Poccum
OAO Hayuno-Hcce0BaTeIbCKHH JlenapTaMeHT Hay4HO-TEXHHYECKOM
MHCTHTYT 110 Nepejiade 3/1eKTPOsHEprHHt TONMTHKH M Pa3BUTHS
MOCTOAHHBIM TOKOM BBICOKOTO
HATIPSIKEHUs!
(OAQ HHMIIT)

«25, 03 2002r

HAYYHO-TEXHUYECKHE PEKOMEHJAITHA
0 UCIIOJIb30BAHHIO APB-M

3amectHTeNb I'naBnenit cnennanuer Jenapramenta
I'enepanbHoro aupexTopa HAYYHO-TEXHHYECKO# MOTHTHKH H
OAO HHUMIIT pasBHTHS

10 Ha

HOll paboTe

_,u!"‘" =
-\ JLA Kouees
TL.A.Illeiiko

Cankr-TlerepGypr 2002



Test schemeof the electrodynamic model

for AVR expertise .
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Test scheme of the electrodynamic model. (=
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The test scheme of the electrodynamic model completely meets
the demands of typical test program for expertise of digital AVR

The following AVR were examined in the test scheme:
 ARV-M, ARV-2M, ARV-3M (JSC «Power Machines», Russia)

AVR-2 (JSC «Energocomplect», Russia)

UNITROL-5000 (ABB, Switzerland)

DESC-400 (Basler electric, USA)

ARV-NL (JSC «Elsib», Russia)

KOSUR-C (JSC «NIIElectromash», Russia)

REM and REM-700 (JSC «Ruselprom-Electromash», Russia)

 P320 AVR V2 and CONTROGEN V3 (ALSTOM, France)

April 2010 — tests of UNITROL-6000 (ABB).

The Protocol about the test of SIEMENS AG AVR in NIIPT’'s scheme has been
signed.

Negotiations are carrying out with:
 AEG (Germany)
» JSC «Preobrazovatel» (Ukraine)
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”’//”f'/,,///// (JSC «Power Machine Russia)
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ARV-2M tests

During tests
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Tests of UNITROL-5000
regulator

Connection of UNITROL-5000 regulator
to the test scheme of the physical model
of the power system .
21
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ARV-N tests (J SC «ELSI
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ARV-NL tests

Discussion of the tests results
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Regulator DECS-400 tests

Team of testers
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Preparations before the experiment .
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Discussion of the experiment
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=G4 and ENKA (Turkey) to NIIPT on 2

Discussion of the order for regulator’s
test in the «Yayva TPP» project

Getting acquainted with the Centre
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STAGES OF THE EXPERTISE
 Development of the individual test program for AVR
 Holding tests

« Development of the scientific and technical
recommendations concerning AVR application in UPS of
Russia

PROGRAM OF TESTS

PSS efficiency is checked by means of oscillation damping
estimation during the small-signal disturbances.

Various operating conditions
of generators/station are examined.
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Estimation of PSS28 UNITROL-5000 (ABB) (73

/”//,//// settings qualltﬁy the charqgter of instability

6 U PiQ 6 U PiQ
rpag | «B [MBT/MB*A rpan | KB |MBTMB*A
100 240 2500 \]
g0l 200 2000 300 300 3000
60 150 1500 260 250 2500
40) 100 1000 200 200 2000 ettt
200 50 500
ol o 0 1504 150 1500 V
201 &0 -500 100 100 1000
-40 -100 -1000 50| 50 500
60 -150 -1500
80 -200 -2000 0 0 0
-100-| -280 -2500 £0| 50 -500

-120 -300 -3000
-140 -350 -3500
-160- -400 -4000

-100- -100 -1000

-180- -150 -1500

-1801 -450 -4500 -200- -200 -2000
o 2 4 6 8 10 12 14 16 18 ¢ o1 2 3 4 5 6 7 & 9 10 11 12 18 ¢
—6_4-1 —Ub_1 —P 1 —P 14 —6_1-5 —Ub_1 —P 1 —Q_r-1 —P_15
Aperiodic character of instability PSS is switching off



Estimation O%Bstemergé“hcy oscillations (=

mping quality o =

Estimation of postemergency oscillations damping quality and
performance capabilities of the power part of excitation systems are
carried out during rated disturbances, according to «Method power
system stability directions» (Order of Department of Energy Russian
Federation):

Emergency power imbalances
Transmission line tripping

1-phase, 2-phase (to earth), 3-phase short circuits with
transmission line tripping

Successful 1-phase and 3-phase automatic reclosing

Unsuccessful automatic reclosing on transmission lines
under all kinds of short circuits with one phase of
a breaker failure and breaker fail protection operation
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2- phase short circuit on line'(1=4) near APP 500 kv(

buses with theldine switching. Py =P, aeq:
PSS s in Qperation. (Unltrol‘SOOO)

6 U PIQ
rpag kKB |MBT/MB*A
55| 550 2200
50| 500 N - . -
a5 | 450 1800
a0 | 400 1600
85 | 350 1400
30| 300 1200
R T A
o5 | 250 1000
20| 200 800 S S
15| 150 600
10| 100 400
5| 50 200
0 0 0
51 50 _200 t
0 1 2 3 4 5 6 7 8 9 o
—6_15 ——Ua_1 —Ub_1 —Ue_1 —P_r1 —P_1-3 —P_1-4
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2-phase short eircuit-on transmission line near (

| / APP buses with-Qreaker fail protection operation

77

(DECS-400) §

4] V) P.Q
rpan kB MBT .MBA

550 | 550| 2200
500| 500| 2000 fed B SR S IR
450| 450| 1800
ao0| 400| 1600
350 | 350| 1400
30| 300| 1200
250| 250 1000

200 | 200 800 it s
150 | 150 600 =
100 | 100 400
50| 50 200
0 0 0
50| -50 -200
-100 | -100 -400
150 | -150 600
2001 -200 -800 t

o 1 2 3 4 5 6 7 8 9 10 11 12 138 14 ¢
—631 —641 —Ula —U1t —Ule —Pr1 —P 138 —P_14
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P / Under excitation limiter test (DECS-400)
7/24’4. -

V4

Y

W

6| U P.Q
rpag kB MBT MBA
24| 60O 1200
22| 550 1100
20| 500 1000
18| 450 900
16| 400 800
14| 350 700
12| 300 600
10| 250 500
8| 200 400
6| 150 300
4| 100 200
2| 50 100
0| o 0
2| 50 -100
4| 100 -200
6| -150|  -300 \\
8l 200 200 * "
0 5 10 15 20 25 30 35 ¢
—6_15 —U_1b —P_r1 —Q_r-1 —P_15

Entering UEL zone during the slow voltage increasing in the system .
32



/”% Under excitation limiter test.
3 3 4, “
S (CONTROGEN V3, ALSTOM)
6| U P.Q
rpaa kB [MBT.MMBA — e
110 550 2200 —-—/ haNE -
100 500 2000
an-| 450 1800
an-| 400 1600
70| 350 1400
60-| 300 1200 | = ,
50| 250 | 1000 peerd A s i A Y < U U/ IVRRRRY EUVSORR——
0| 200 800
30| 150 600
20-| 100 400
10| 50 200
0| 0  — T
10 50 -200
-20- -100 -400 h\\
— ra— t
o M 2 4 ; : 10 12 14 16 18 c
—5_14 —1_1h —P —_r1

Entering and leaving UEL zone during the switching on
(and off in 9 sec) the capacitors on the APP buses
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| / Over excitation limiter tests (ARV-MA)
7/2’:’4. -

IMpoBepka paGoThl OrpaHUYHTE]S TOKA poTopa B ocu Q

Utlfo.e. NpH NPOrpamMMHOl (POPCHPOBKE BO30OYKIEHHUS.

. AW L,

2_1.: MW%WM

) s \

0.9 PT/—/—/———

0.6

0.3

0 1 2 3 4 5 6 7 8 9

—1.Ufq I8  ——2.1fq I'8
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rpan | oe.
140 35
120 3
100 25
il e
60| 1. [
0 . AR, Y
20 . —
0
20 0. II
40|
60| -15 A
80| - i
400 -25
qz0| -3

-140-0 -3.5
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Check the efficiency of the AVR operation

in the scheme of the doubled unit

MI'-47  MI'-55

Ir2 ri
Ur

P3C
1 [T T U_500«B
Pu
MI-7 Py 5

I'S



m Check the efficiency of'the’AVR operation
/f/ / in the scheme of the doubled unit
e b (CONTROGEN V3, ALSTOM)

Z
i,

6 u P.Q
rpan kB [MBT.MBA

J ‘:"‘*-.___

130 260 2600
120 240 2400

110 220 2200

30| 180 1800
50 160 1600
70 140 1400
50| 120 1200

50-1 100 1000
40 a0 1]l
30 60 600
20 40 400
10 20 200

n n n

t

-0 =20 -200

1] Z 4 B g 10 12 14 16 18 20 2 24 26 i c
—n_1- =—L_1h —F_r1 —0_r-1 —F_r- —_r-

Voltage set point (of one of the generators in doubled unit)
IS increased for some time in the underexcitation mode .
37
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////@% Development and verification

= of reglilator digital models

The aim Is
to develop adequate digital models of AVR
and its transfer to System Operator for AVR
settings quality check
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/@/ Model of the regulator P320 AVR VE (ALSTOM) (*

e

1 4l
ot
trv2.5+1
Usx_maxt usx_maxvt
@ trvl 5+1 : » > .;C 1 )
trvd 5+1 Field Voltage
AYR Referance ux_min*vt1 0 8667 uex_min®vt Control S|g%a|

n prv s+1

Terminal Voltage v 5+1

Mathematical model of voltage regulator (type ST7B)
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0stag43\WorkALSTOMIALSTOM

7 D‘igital model of voltage regulator (type ST7B)
implemented in EUROSTAG
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Model of the re@ator P320 AVR

V2 (ALSTOM)

Twl.s Twid.s T5.5+1 1 1 1
(O—p| Dle |y Tw2s O—» N |, | O
Frequency PSS Twl.s+1 Tw2 5+1 T9.5+1 T9.5+1 T9.5+1 T9.5+1 Y
Ks3
I 3
Twi3.s Ks2
RN N
Active power Tw3. 541 T7 s+
T1.5+1 T3 s+1 T11.5+1 T31.5+1
> — > o > (D
e Therl 12124 AEARAA PSS output

Mathematical model of power system stabilizer (type PSS2B)

e 1 RN | 5 N | 12
1. +| Ks Ks = + K eTs K K K +
— T4Ts T4Ts - Tels 14Ts 14Ts 14Ts
7 ™ e 1 T8 1 1
B ™ T (e C— s ™ ™ exm— C— E

2 N |
ACTIVE Ks K
POWER 1+Ts 14Ts
-
e <
e R — . C—
(v
7 19 18
K 145 K 1415 K 1415 K 1415 — +] .
ToTs ToTs T.Ts TTs K |
. / or
s
n 3 31 st
_ e
C:\Eurostag43\WorkALSTOMALSTOM_REGlalst_pss.frm

Digital model of the power system stabilizer (type PSS2B)
implemented in EUROSTAG




e Regulator P320 AVR V2 (ALSTOM)

~"f!/ ///zf
/”/,//// model verlflcatlon

ST7B PSS2B PSS2B
AP stabilization channel Aw stabilization channel

100 ‘ ‘ 60 18
€.

€. Avnnutypa, o.e.
— Perynsarop Bos6yxnenus — Perynatop 8036yxaeHua — Perynsop Bosbyxaenus

H 16 I
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1\ AN
AN , / \ 1 / T
: N\ il
| | N 4

AwnnuTyga, 0.e.

3 =
| T

Yacrora, My 0 Yacrora, My
0 01 02 03 04 05 06 07 08 09 1 0 0 1 2 3 4 5 6 7 8 9 10 0 1 2 3 4 5 6 7 8 9 10
Amplitude-frequency characteristic
240 200 600
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100
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-100
® ~ 20 \\
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© \0\\ 100

200 B S——
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0 250 0
0 01 02 03 04 05 06 07 08 09 1 0 1 2 3 4 5 6 7 8 9 10 0 1 2 3 4 5 6 7 8 9 10

Phase-frequency characteristic
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METHODOLOGY OF DIGITAL AVR TESTS

USING ELECTRO DYNAMIC SIMULATOR (EDS).

AVR ADJUSTMENT FOR CONCRETE POWER
INSTALLATIONS «ON A TURN KEY BASIS»
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Methodology comprises the following steps:

 Using EDS, physical model of the power system
IS created

* Program of tests is developed

« AVR and PSS tests and adjustments «on the turn
key basis»



m Physical model of Sitberian power system
@ implemented for digital AVR tests
of Sayano-Shushenskaya HPP

R

v/

Len A
-,r//////,/? / ¥
> /’ 7z ‘4 A

HasapoBckas 500 KpacHosipckas
K
l 3C.500 pacHosipckas

J i—@—i@
1
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AnTan
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Benosckas NP3C Hasaposckas 220
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547
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BN
546
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|
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| s !

N 1 r2 rs ra
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> V. / Program of sys@ tests and AVR adjustments
MY o i _ —«* S e
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Program of system tests and AVR adjustments is
coordinated with JSC «SO UPS» and approved by Customer.

It comprises:

o Estimation of oscillation damping in different schemes and
conditions of power system during small-signal disturbances
and AVR settings adjustment

« Checking AVR efficiency during rated emergency
disturbances

 Estimation of intraplant oscillation damping (for multiunit
power stations)

« Checking AVR operation in specific conditions during
large-signal disturbances
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Character of instability
(transmission capacity limit is reached)

P,MBT 6,p.

2500 4

2250

200

1. YronY-U T3C - KpacHosipck
3.P_Y-MT3C-500 (2)

2.P_Y-NT3C-500 (1)
4.P_BJI-572 (Y- TC - BMN)

Character of instability during the increasing

of power flow from Ust-llimskaya HPP

to Krasnoyarsk power system. Lines 560, 571,

570, 569 are switched off

PMBT 6,p.
45009 180
4000 160
3500 140
3000 120{f7 7
2500 100 -
200 8o} -
1500 eof |- -
1000 4o} -
s0 ] 20 PEEERGER:
0 0 -
1
w0 2|
1000 -of !
1500 -60f |g 6
200 -8
2500 -100{ |-
3000 -120{
3500 -u0{ b
4000 1604 [
45004 1801

1. Yronbp.I'3C-KpacHospck 2.¥ronbp.T3C - Y-UT3C
3.P_Y-NT3C (M) 4.P_Y-UT3C-500 (T2)
5.P_Y-MT3C-220 ('3) 6.P BNI-572 (Y-M T3C - BNM)
7.PBN-571 (Y-MT3C -Bp.T3C)

Character of instability during the increasing
of power flow from Krasnoyarsk power system

to Bratskaya HPP. Lines 560, 570, 569
are switched off



//,,/;/,%,/ Estimation of AVR efficiency during rated (

£ / disturbances (emergency-automation operation
77 Is taken into account)*

Us.,0ePMBT UkB 6,p. P.MBT UKB 6,rp.
391500 7507 150y : : : : : : : 25009 750 75

2.7 1350 675 1354 |- 2250 675 675}~

i
J{

I I ! I I I
s YV 20004 600 60f}-
2412004 6004 120} 1 - ~ - - ™ A A ]
12 ,.; ‘ ‘ ‘ ‘ ‘ 1750 525 525
211050 s25{ 105]} ] M, -
> 2 Y 2 v 15004 450 45|l
184 %04 450 9] ! - - - - =1 - = - - 12504 375 375
5
"3 10004 300 30
15 mod s b Tﬁ‘ - ‘ X 3WMW3“"" M‘ Ay
o4 25 225]
12 600 300 604 - 4 - - - - - - - . _
I I I so04 .50 15|
09 0] 254 a5l

064 3004 150 304

034 150 75 154 -250 5 75

I I I
- - - - - - y - wol s 75|}
o MWMM A 1717
7
- = - I - =1 - = - I -

| |
_—
I I

-5004 -150 -15 |-
0] 0 0 0

r
1 » 3 ! 5 6 7 te 1504 225 -225] |-

03 50 75 as{f- -
‘ 1000 300 30
06 300 1504 30} 250 ars s
09 -0 25 -asf '- - - - - - -! - - - - 1500 450 -as]f

-17504 525 -525{|-

-12-4 -6004 -300 -60-

-20004 6001  -60-

1. Yron CLUr 3C-Armait
2.UCLIr3C-500

3.P BN CLIT3C - HoBokysHeLkas (1,2)
4.UsCLIT3C (M)

1. Yron6 Y- T'3C - KpacHosipck
3.P_Y-MT3C-500 (')
5.PBN-571 (Y-M T3C - Bp.l3C)

2.UY-1T3C-500
4.PBJI-572 (Y T3C - BNM)
6. P BN1-569,570 (5p.r3C-BIM)

Single phase short circuit near 500 kV buses Double phase short circuit near 500 kV buses
of Sayano-Shushenskaya HPP of Ust-llimskaya HPP with a closing
with an unsuccessful single phase automatic of the line 571, breaker failure

reclosing of the line
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¢ Estimation of AVR efficiency operation during (2
SR liquidation of sﬁtem failures' consequences ~—

6,rp. u,0.e i,0.e.P,MBT

150 3 24 20004
5] 271 18] 1s00]
120 241 161 1600]
15 211 143 1400]

0] 18] 121 1200]
5] 15] 1] 1000]
0] 121 o0s] s00]
5] 09 o0s] 600l
30 o6 o4l a00]l
5] o3l o02] 200}
0 - 0 - 0 _ 0_-
as] 03] 02] -200]
30 06 04l -a00]l
5] 09l 06 -e00]l
60 12] 08l -soo]l
2s] asd 1] 1000l
90] 18] 12 -1200]

054 211 14 1a00]l

120 241 6] 1600}

assd 271 18] -1800]

asod 31 20 2000

1. P BJ1 ClUT3C-HoBoky3HeLkas
3.Us CLUI3C (M)
5. ¥Yron CLUT3C-NpkyTCK

2.i8 CLUM3C (ML)
4.UT1ClWIIaC

Liquidation of the asynchronous motion.
Operation of ARV-M regulator installed on Sayano-Shushenskaya HPP
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P / Stepwise recanstruction of power station
flg'é.

< -

e

P.QMB*A UxB P.QMBA UxB
20 750, ‘ ‘ ‘ ‘ ‘ ‘ ‘ anq ey
270 675 - o _ _ (. 1 _ (I 1 _ 1 _ 240 600
A | | R ! . n 210 525
0] 600] = 4 4 4
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120 3004 -
B0 375 - - T - 0 - -l - - =1 - 1= = - 1= -
0 225
0] 0] - o 1 o l o _1 _ | i _ I _
3 ol =]l
I I | l l l l l
1 QW Mi o y 5 5 8 o] - - - - - - - - - - - - - -
| ] 5 | | | | | | | l l l l l l l l
T ol o ‘ : - : - ‘ - : ‘
| | | | l l l l l 2 N_v\\i% J 8 10 1 14 16 18 te.
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ol ol : -0 -0l
0 1 2 3 4 5 6 7 8 9 1
——1.UY-Mr3C500 ——2.PT1(APB-M)  ——3.QT1(APB-M) ——1LUYMT3C500 ——2.PT1(APB-M)  ——3.QT1(APB-M)
——4.Pr2(APB-Cl) ——5.Q2(APB-CI) ———4.Pr2(APB-C) ——5.QI2(APB-CIl)

Single phase short circuit (t = 0.12 sec) on 500 kv Voltage setpoint of ARV-M is changed on 5%
buses of the doubled unit of Ust-1lim HPP. in 5 sec. Combined operation of ARV-M and

Combined operation of ARV-M and ARV-CD ARV-CD in the scheme of doubled unit
of Ust-1lim HPP



o Tuning on the «turn-key»bases Is produced
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S / for significanti@bjects of the power system
& (HPPs and NPPs of |large rated*power)

Sayano-Shushenskaya HPP (6.4 GW)
Ust-llimskaya HPP (3.5 GW)
Zagorskaya HAPP (1.2 GW)
Kolskaya NPP (1.44 GW)

Kalininskay NPP (3 GW) — January 2010
Boguchanskaya HPP (3 GW) — February 2010
Smolenskaya NPP (3 GW) — March 2010



- Conclusions

Tests held according to the «Program...» provide AVR
and PSS efficiency assessment and their adaptation
to the conditions of operation in UPS of Russia.

Correctness and efficiency of AVR and PSS tuning is
checked using digital and physical models of the power
systems.






