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Integration of interconnected power system (IPS) of Ukraine to the European Network Transmission System Operators
for Electricity (ENTSO-E) requires an improvement of Ukrainian frequency automatic emergency control and harmoni-
zation with load-frequency control according to requirements of ENTSO-E. In order to investigate processes of fre-
quency and active power control, it is necessary to develop the detailed simulation model including models of automatic
under frequency load shedding (UFLS) relays, special protection automatics (SPA) of the nuclear power plants, auto-
matic generation control (AGC) as well as 750-220 kV transmission networks of IPS of Ukraine. The frequency stability
phenomena have been studied by time domain simulation using the detailed model realized in DIgSILENT PowerFac-
tory software. The simulation results for different disturbances are presented. References 12, figures 5.
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One of the state priorities of Ukraine is an integration of the national IPS to ENTSO-E grid. Imple-
menting this strategy requires solution of the numerous of tasks. Among others, it’s necessary to improve
power system dispatch (considering an increasing of the stochastic generating power of the renewables),
voltage and reactive power control, power quality etc. The most important task is an improvement of fre-
quency emergency automatics and load-frequency control [1, 2]. This paper is devoted to frequency stability
simulation in IPS of Ukraine. Performing this study requires a development of the detailed models consider-
ing an operation UFLS relays, special frequency protection automatics (SPA), which are used in the island-
ing schemes of Ukrainian nuclear power plants, and national AGC, and detailed model of 750-220 kV
transmission networks. In order to simulate UFLS and AGC operation, a lot of approaches have been utilized
[3-10]. In [3], various automatic load shedding strategies are investigated to provide frequency stability in
ENTSO-E using simplified system models. In [4, 5], the effect of the automatic loading shedding on fre-
quency stability has been analyzed in case of blackout and islanding of the power system. The simulation
results are provided by using an example of equivalent model that does not allow to estimate proposed solu-
tions for a real scale power system. In [9, 10] load-frequency control is investigated using a model, which is
presented by the equivalent elements. In this paper, the detailed model of IPS of Ukraine has been developed
including models of UFLS relays, SPA and AGC. Using of the abovementioned model allows to study fre-
quency stability in more detail and with consideration of the loading of interfaces in of IPS of Ukraine. Be-
sides, this advanced software model is capable to be used to simulate these processes in case of wind and
solar power plants’ participation in frequency control. This is very important toolbox to detail study of fre-
quency stability of IPS of Ukraine with consideration of future integration to ENTSO-e system.

At present time, IPS of Ukraine is divided into five separately operated zones. The main part of the
Ukrainian power system operates synchronously with IPS/UPS (Russia, Belarus and Moldova). The maximal
demand of this zone is about 23100 MW. The second zone is Burshtyn island, operating synchronously with
ENTSO-E. It is separated from the main part of the Ukrainian power system. The third zone is presented by
small part of the Ukrainian power system in the east, which is energized from Russian unified power system
(UPS). The maximal load of this zone is approximately 500 MW. The fourth and fifth zones are presented by
the island of Luhanska thermal power plant (the fourth zone, its maximal load is about 400 MW) and the
island of Zuyivska/Staribeshivska thermal power plants, which maximum load is 1318 MW.

In order to preserve a frequency stability of IPS of Ukraine in case of severe disturbances, UFLS re-
lays are used. Depending on the frequency and operation time settings, there are following categories of
UFLS:
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special UFLS used to prevent a frequency decreasing to operation settings of UFLS-2. Frequency
pick-up setting is 49.2 Hz, pick up time is 0.3-0.5 s.

protective UFLS, used in order to prevent operation of SPA which isolate of the nuclear plants to is-
land operation in case of a dangerous frequency decreasing (less than 49 Hz) in the system. Fre-
quency pick up of this UFLS is 49.1 Hz, pick up time is 0.3-0.5 s.

UFLS-1 (the first category) used to prevent a frequency decreasing. This category of high-speed de-
vices UFLS has different frequency setting in order to adapt to various disturbances in IPS of
Ukraine (or its isolated parts) and to eliminate a frequency decreasing. Frequency pick up settings
are in the range 48,8-47,2 Hz; pick up time 0.3-0.5 s.

UFLS-2n — not combined UFLS-2 (the second category). This is slow category that is not combined
with UFLS-1, and must to increase frequency after UFLS-1 picked up when frequency decreases at
unacceptably low level. Frequency pick up setting is 49.1 Hz and time pick up settings are in the
range from 5 to 20 sec with intervals 3 sec.

UFLS-2c¢ - combined UFLS-2 (the second category), which must to eliminate frequency decrease
with relatively slow power deficit increase (frequency drift), and to increase the frequency in the
case UFLS-2n inefficient operation. Frequency pick up settings are in the range from 48.7 Hz to 49
Hz; time pick up settings are in the range 21 s to 60 s.

Besides, in order to ensure the safe operation of nuclear power plants, SPA relays are also used.
These devices are configured in such a way, that even short-term reduction of frequency below 46
Hz was quite avoidance. The SPA operation time with frequency lower than 47 Hz is less than 10
seconds; lower than 48 Hz — not exceeding 1 min and lower than 49 Hz — less than 5 minutes.

The simplified structure of AGC organization in IPS of Ukraine considering its main part is pre-

sented in Fig. 1.
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mal power plant (parallel operation of IPS of Ukraine) are presented in Fig. 4-6. The participation factors of
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It should be noted, that the simulation of the load-frequency control has been performed considering
the normal operation of IPS/UPS. At the same time, identifying of the critical loading of overhead lines in
emergency operation of the power system will allow to define these overloadings to prevent their possible
disconnection.

The presented simulation results demonstrate an operation of the proposed UFLS, SPA and AGC
models of IPS of Ukraine after different disturbances. The developed advances software model is realized in
DIgSILENT PowerFactory software.

The model is used to investigate all aspects frequency stability (inertial system response, primary ac-
tive power control, UFLS and SPA operation, secondary control in IPS of Ukraine) for various scenarios of
power imbalances.
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Hiokmouenns 06’eonanoi enepeemuunoi cucmemu (OEC) Vipainu na napanemvny pobomy 3 enepeo06 €OHAHHAM
ENTSO-E nompebye y0oCKOHANEHHS NpOMUAsapiiiHo20 KepySaHHs Md 2apMOHIZayii umMoe wo0o asmomMamuyHo20
Pe2YI0BAHHs YACMOmuy ma ROMYJCHOCHI 8i0no8ioHo 0o mux, wo diroms ¢ ENTSO-E. /[na docriodcenns npoyecis smi-
HU 4acmomu ma akmueHol NOMYJ’CHOCMI HeOOXIOHO pOo3poOUMU 0emai308aHy MOOelb, SIKA MICIMUMb NPUCMPOL a8mo-
MAMUYHO20 YACTNOMHO20 PO36AHMAIICEHHS, YACMOMHY ABMOMAMUKY eHepeoONIOKI6 AmMOMHUX eLeKMPOCMAaHYIl, Cuc-
memy asmoMamuyHO20 pe2yir08aHHs YaACMOmU ma NOMYHCHOCII, a maxkoxc macicmpansvti mepeosci 750-220 kB OEC
Yxpainu. Jlocniooceno cmilikicms 3a 4acmomoro wiisxom MOOen08aAHHs. eJleKMPOMEXaHIYHUX nepexioHux npoyecis 3
BUKOpUCAHHAM npocpamHozo 3abesneuents DIg-SILENT PowerFactory. Haseoeno pesynomamu OocniodceHv Ois
BUHUKHeHHA pi3Hux 30ypens. bibm. 12, puc. 5.
Knrouosi cnosa: CTiiikicTh 3a 9aCTOTOI, aBTOMATHYHE YaCTOTHE PO3BAaHTAKEHHS, YaCTOTHA aBTOMAaTHKaA, MEPETIK IO-
TYXHOCTI, IIEPBHHHE Ta BTOPHHHE PETyJIOBaHHS], CHCTEMa aBTOMATHYHOIO PETYJIOBAHHS YacTOTHU Ta IOTY>KHOCTI,
00’e1HaHa eHeprocucTeMa.
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THooxniouenue 06vedunénnoil snepeemuueckoli cucmemvl (02C) Yrpaunvl na napannervnyro pabomy ¢ s3Hepeo0dwvedu-
nenuem ENTSO-E mpebyem ycogepuiencmeosanus npomueoasapuiinoz0 ynpaeienus u 2apmMoHu3ayuu mpebosanuii &
uacmu agmMoMamuyecKozo pecyauposanus Yacmomsl u MoOwHocmu 8 coomgeemcmeuu ¢ oelicmsyiouumu 6 ENTSO-E.
s uccnedosanust npoyeccos pecyruposanus Yacmomol i aKMUSHOU MOWHOCIU HeoOX00UMo pazpabomams demanu-
3UPOBAHHYIO MOOENb, VHUMBIGAIOWYIO YCMPOUCMEA A8MOMAMUYECKOU YaCMOMHOU pa3epy3Ku, YACMOmMHYI0 a8moMd-
MUKY 9HEp2o0I0K08 AMOMHBIX DAEKMPOCMAHYUL, CUCHEMY ABMOMAMULECKO20 Pe2yIupOo8anus Yacmomol U MOWHO-
cmu, a makoce masucmpanvusie cemu 750-220 kB OOC Vkpaunvl. Hccredosana ycmotiyugocmes no uacmome nymem
MOOENUPOBAHUS  INEKIMPOMEXAHUYECKUX NEPEXOOHLIX NPOYECCO8 C UCNONb3OBAHUEM NPOSPAMMHO20 0becneueHus
DIgSILENT PowerFactory. IIpusedeHnuvl pe3ynbmamsi UCCIe008aHULL 8 CyUde 803HUKHOBEHUS PA3IUYHBIX 803MYUEHUI.
buba. 12, puc. 5.
Kniouegwie cnosa: ycToidMBOCTb TI0 4aCTOTE, aBTOMATHYIECKasi YACTOTHAsI pa3rpy3Ka, 4aCTOTHAsl aBTOMATHKA, IEPETOK
MOIITHOCTH, MIEPBUYHOE U BTOPUYHOE PEryJINPOBaHKE, CUCTEMA aBTOMAaTHUECKOTO PEryJIMPOBaHHs YaCTOTHl XU MOIIIHOC-
TH, 00bEIMHEHHAST YHEPTOCUCTEMA.

Hapiiinora 30.11.2016
Ocratounuii Bapiant 02.12.2016

60 ISSN 1607-7970. Texn. enexmpoounamixa. 2017. Ne 2



