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Abstract: The paper presents out-of-step protection device
testing methodology under close-to-real power system operation
conditions. The power system stability modeling software is used
as a source of test signals. The accurate modeling of power
system in conjunction with dynamical modeling features allows
the correct choice of the most reliable OOS protection scheme.
Methodology was applied for out-of-step relay “AGNA” testing
and device settings verification.
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. INTRODUCTION

The power system is a subject to a wide range of small or
larger disturbances which occur during steady state condition.
Small disturbances such as load variation persist in power
continually and power systems adjust to these changing
conditions and continue to operate with nominal voltages and
frequency. Large disturbances such as faults, loss of
generation, excessive overload or lines switching can cause
some part of power system to become unstable and the loss of
synchronism with remaining parts. When two areas of a power
system lose synchronism, the areas must be separated from
each other as quickly as possible to avoid equipment damage
and possible power blackouts [1, 2]. The power system should
be separated in predetermined locations to maintain a load-
generation balance in each of the separated areas. The task of
power system separation is accomplished with the out of step
protection. The out-of-step (OOS) protection implementation
principles are well - known [2, 5] and OOS protection devices
are in use in the power system utility. While the out-of-step
relaying philosophy is simple, it is often difficult to implement
for a large power system because of its complexity and large
variety of different operating conditions that should be
studied. Power system regimes simulation is a typical way to
evaluate the behavior of protection and automation devices
under complex or non-standard operating conditions. Power
system electromagnetic process simulation programs are
widely used for protection relay testing purposes, but, when
power  system  stability is  under  consideration,
electromechanical processes should be simulated. The great
advantage of EUROSTAG simulation program is that the
program covers full range of transient processes, mid and
long-term power system stability could be studied and
appropriate signals could be simulated. Despite the fact that
EUROSTAG simulated signals are not intended for real
device testing, some efforts can be taken to overcome this
shortage and implement EUROSTAG simulation results for

real OOS relay testing. The paper presents the methods and
tools which allow OOS protection to be evaluated using
EUROSTAG modeling capabilities.

I1.OUT-OF-STEP PROTECTION MODELING OBJECTIVES AND
DEFICIENCIES

To get all the information needed for successful OOS
protection scheme realization several studies are to be carried
out [2]:

1. The selection of network locations for placement of OOS
protection systems can best be made through transient
stability studies covering many possible operating
conditions.

2. The maximum rate of slip is typically estimated from
angular change versus time plots from stability studies.

3. Determination of the optimal place of power system
sectioning during an out-of-step condition is necessary.
This will typically depend on the impedance between
islands, the potential to attain a good load/generation
balance, and the ability to establish stable operating
condition of separated areas.

All these studies can be successfully accomplished
simulating a variety of power system conditions which can
affect the system stability [3]. The power system modeling
software EUROSTAG enables the power system processes to
be simulated with high precision and is especially effective
when power system stability study is needed.

Thus, the following information and tools are needed:

1. To build an accurate power system model precise
technical information about all elements the power
system is composed of (transformers, generators, lines) is
required;

2. Software with an ability to simulate a variety of
conditions which can affect power system stability;

3. To verify the correct application of out-of-step protection
scheme, an appropriate mathematical model of the OOS
relay should be included in the stability simulation
program;

4. A set of simulations is required in order to analyze the
efficiency of the selected out-of-step protection scheme.

The accurate model of the OOS protection in conjunction
with the power system dynamical modeling determines the
choice of the most reliable OOS protection scheme and makes
it possible to calculate appropriate OOS relay settings.

The precise technical data about high voltage apparatus are
available from power system utility. The EUROSTAG
software can be used as a powerful tool to build the complex
power system models and to simulate the variety of scenarios
for power system stability study. The OOS protection model
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can also be build using the EUROSTAG software if the OOS
protection operation principle is known and a description of
device operational algorithms is at hand. However, if the OOS
protection model is built according to the protection operation
manual, then it will be necessary to decide whether the model
is equivalent to the real device or not. One can suppose that
the device and its model are not absolutely the same things.
This is just because the mathematical/logical description of the
protection operation algorithms provided by the manufacturer
and software/hardware realization of the same algorithms
makes the difference. The differences in
measurement/calculation precision of the model and its real
counterpart usually are tolerable, but there is a probability of
rare software errors as well as other irregularities which exist
only in the real device and can affect the device proper
operation. Observing the statistical information about the
cause of incorrect protection operation [4] (Fig. 1.) the
following can be pointed out: more than 10% of all incorrect
protection operations are due to incorrect device settings,
about 20% are due to internal relay faults (hardware or
software). Another 20% are marked as “reason unknown” —
sometimes software error detection is nearly impossible
because it is hard to reconstruct the situation when this error
becomes visible and affects the device operation. This kind
of errors can be fixed only when device operates with real
signals under real or close to real operation conditions.

Taking into account all the above said as well as the
extreme importance of the out-of-step relaying, the following
conclusion can be made: the concept of OOS device testing in
real or close to real conditions may become imperative for
successful and confident relaying.

I1l. POWER SYSTEM STABILITY SIMULATION

Practical realization of this concept is shown in Fig. 2. The
EUROSTAG is used as a power system regime simulator.
Power system model is represented with two generation areas
which are interconnected with two HV links: one link is
330kV transmission line and the second one (the weak link) is
110kV transmission line (Fig.2).
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The power system can become unstable when short term
loss of 330kV transmission link occurs. This condition can
arise as a result of short circuit on 330kV line with a
subsequent successful auto reclosing. Varying the short circuit
clearing time, automatic reclosing delay, the load, short circuit
type and location, different scenarios can be simulated. The
behavior of the power angles for both generation areas of the
power system is presented in Fig. 3. Depending on the
selected scenario, the cases from stable power swing toward
the loss of synchronism and out-of-step condition can be
simulated.
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generation area in the case of short circuit

IV. OOSRELAY “AGNA” OPERATION PRINCIPLES

The OOS relay should be used to protect the modeled power
system from out-of-step condition. For power swing condition
detection and OOS relaying “AGNA” protection is supposed
to be installed on N110-1 — N110-2 HV line. The operation

conditions of the OOS protection AGNA are determined by
one of the two algorithms. The first operation algorithm does
not allow generator angle to slip and operation takes place in
the first swing cycle. The second algorithm allows pole slip
and device to operate after some swing cycles depending on
the settings. The power swing detection is based on the control
of angle ¢ between two simulated voltages U, and U, [6]. To
simulate these voltages two-machine circuit - an equivalent of
the real system - is used (Fig. 4).
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where U and | are local voltage and current, controlled by
protection in the point of installation, Zy, and Zy, are the

settings, which are chosen depending on the equivalent
parameters of the power system. Depending on the location of
ESC (Fig. 5), the modeled voltages U, and U, can be located
on the same side of ESC (the angle ¢ does not exceed 90°) or
can be located on the opposite sides of ESC (angle ¢ increases
until it reaches 180°).
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Fig. 5. Characteristic diagrams of device operation

The protection operates when the following requirements
are met:

1. angle ¢ has reached its limit value;

2. angle changes at a sufficiently high rate (d¢/dt);

3. currents and voltages are symmetrical.
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where ¢, C; and C, are the appropriate device settings. The
device settings are preliminary calculated and can be checked
and corrected during simulation if necessary.

V.OOS RELAY TESTING WITH POWER SYSTEM DYNAMICS
SIMULATION SIGNALS

The EUROSTAG allows any signal of power system
dynamics simulation to be exported in ASCI format. Thus,
3-phase currents and voltages, obtained during simulation, can
be saved in external file and can be used (after conversion into
real currents and voltages) for real device testing. The relay
test system (ISA DRTS) is used for simulated signals
playback.

Since the EUROSTAG output signals are represented with
signal effective value and phase angle, but relay test system
accepts signals in COMTRADE format (instantaneous values),
the converter program is needed.

Such conversion program was developed and it converts the
EUROSTAG output file into COMTRADE format.

)

WLROSTAG

e e e —
Dsuas ne  a - as|oasshe

Power System Model

e i fage Ohart o
O &)@ 5B o ag
Lowsed caes

4 [ECered =]
— e

F_
p ptenp [potem [pusen o foes |acr soa oot foet

Export of waveforms
filel.exp

Hprintscreen doc =
S5Cangl emf

YyRucen
comen:
,.-"} PI5C4ENP cig
| merazv At

Converter to
COMTRADE:
filel.exp >filel.dat

Mvp‘l:f:w Fispomc - Sa

Saeashpe  |Conirade Data Fle: sl = LA

As soon as the COMTRADE data file is obtained it can be
used with any modern Relay Test Equipment which allows the
signal waveforms playback. The complete picture is similar to
one in Fig. 6. The power system model and various regimes
(short circuits, line loss, load variations) are simulated with the
EUROSTAG software. With the help of special program
simulated signals are converted in COMTRADE format and
uploaded in the Relay Test System. The Relay Test System
playbacks the currents and voltages and the reaction of the
OO0S relay AGNA is observed. Simulated out-of-step
condition and AGNA OOS relay correct operation is presented
in Fig. 7. AGNA output relays “2st_trip” trip when the angle
between simulated voltages Ul and U2 overreaches the
appropriate setting value. The waveform analyses and device
reaction for the particular experiment are made using the relay
operation analyzing software “SMOKY”.
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Fig. 6. OOS relay testing using simulation features of EUROSTAG
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Fig. 7. Out-of-step regime simulation and OOS relay operation (2st_trip)

VI. CONCLUSIONS

Large disturbances may cause loss of synchronism
between some parts of the power system and, if this
condition is ignored, can lead to widespread power
outages and blackouts.

The extreme importance of OOS condition liquidation
dictates that all possible efforts must be taken to
guarantee the correct OOS relay operation.

The settings for OOS relay could be difficult to calculate
because of the power system complexity and parameter
variation in time. OOS relay operation should be verified
in different power system regimes which can hardly be
simulated using traditional relay testing technique. Power
system dynamics modeling program EUROSTAG is
used for power swing and out-of-step processes
simulation.

Specially created program allows converting simulated
signals into COMTRADE format and then real currents
and voltages waveforms can be recreated by means of
any modern relay test system.

Power system process modeling technique was
successfully implemented for protection and automation
device testing. Testing methodology allows the OOS
relay to be tested in close-to-real conditions.
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Antans Sauhats, Andrejs Utans, Jevgénijs Kucajevs, Grigorijs Pasnins, Dmitrijs Antonovs, Edite Biela. Aizsardzibas un automatizacijas ierices
testéSana, izmantojot modeléSanas iespéjas ar EUROSTAG programmu.

Asinhronds gaitas novérSanas automatikas iestatijumu izvéle var klit par loti sarezgitu uzdevumu, nemot véra energosistémas parametru neprecizitati un to
izmainas laika. Automatikas darbibas efektivitati un iestatijumu pareizibu japarbauda pie dazadiem energosistémas darbibas rezimiem. Lai izp&titu automatikas
ierici realitatei tuvos apstaklos, tiek izmantota energosistémas modeléSanas programma EUROSTAG. Izmantojot EUROSTAG programmas modelé$anas
iespgjas var veikt paplasinatu energosisteémas stabilitates izp&ti un model&t signalus, kuri nevar but sintez&ti izmantojot tradicionalo releju testé$anas metodiku.
EUROSTAG programmas model&jamie signali parstavéti ar moduliem un lenkiem, tap&c tos nevar tiesi izmantot realo relejaizsardzibas un automatikas ierices
parbaudei.

Speciali izstradata programmatiira lauj konvertét EUROSTAG modelgjamos signalus uz COMTRADE formatu, péc ka realas stravas un spriegumus var iegit
izmantojot moderno releja testéSanas iekartu.

Energosistémas procesu modeléSanas tehnologija bija veiksmigi pielagota relejaizsardzibas un automatikas ierices parbaudei. Asinhronas gaitas novérSanas
automatika AGNA bija izmantota ka test€jama ierice. AGNA ierices pareiza darbiba ir krietni atkariga no pareizas uzstadiSanas vietas izvélnes un no iestatijumu
precizitates. TestéSanas gaita, AGNA ierices darbsp&ja bija parbaudita un apstiprinata pie noteiktiem iestatijumiem un pie dazadiem energosistémas darbibas
rezZimiem. Test€Sanas metodika lauj izp&tit asinhronas gaitas noverSanas automatiku apstaklos, kas tuvi realitatei un So metodiku var izmantot arl citu
relejaizsardzibas un automatikas iericu parbaudei.

Anrtanc Cayxarc, Anapeii Yranc, Eprenunii Kynaes, I'puropmii Ilamunun, IMutpuii AntoHoB, daurte buensi. 3amura u aproMaTusanusi yCTpoicTB
TeCTHPOBAHNS MPH HCII0JIb30BAHMH BO3MOKHOCTeil MoxenupoBannsi EUROSTAG.

PacuéT ycTaBOK yCTpOICTBA JIMKBHAAIMH ACHHXPOHHOTO PEXHMa MOXKET OBITH CIIO)KHBIM BCJIEICTBHE HEIOCTOSHCTBA IAapaMETPOB YHEPTOCHCTEMBI, II0ITOMY
9 (EKTUBHOCTL JEHCTBHS AaBTOMATHKH ¥ KOPPEKTHOCTh YCTaBOK MODKHA OBITh IOATBEPXKICHA ONBITHBIM ITyTEM IPH PA3IUUHBIX PEKHMax pPaboTHI
SHEPrOCHCTEMBI. J[JIsi aCHHXPOHHOTO PeXKUMa XapaKTePHbI CUTHAIIBI, (JOPMY KOTOPBIX TPYAHO BOCCO3/aTh, HCIONB3Ys TPAAHI[MOHHYIO TEXHUKY IIPOBEPKH pelle,
[I03TOMY TECTOBBIEC CHTHAJIBI MTOTYYAIOT MyTEM MOACIMPOBAHMS MIPOLECCOB SHEPTOCUCTEMBI B PA3IMYHbIX PexknuMax eé paboThl. J{jist MoJienpoBaHus IPOLIECCOB
ucnone3yercs nporpammuoe obecrieuenne EUROSTAG.

Curnausl, paccuutannsie nporpammoii EUROSTAG B pesynbraTe MOACIUPOBAaHHUS ACHHXPOHHOTO PeXXMMa B SHEPIOCHCTEME, MPEACTABIICHbI B BUE MOAYJIEH U
YIJIOB M HE MOTYT OBITh HANPSMYIO HCIOJB30BAHBI C LEJIBIO TIPOBEPKH PEalbHbIX YCTPOWCTB 3allUTHI M aBTOMAaTUKH. Pa3paboTaHa crenmanbHas Iporpamma,
KOTOpasi HO3BOJISIET KOHBEPTHPOBATh Mozenpyemble curHaisl B popmatr COMTRADE, nocie dero curHaibsl IpeoOpasyloTcsl B pealbHble TOKH U HalpsDKEHHS 1
MCTIONB3YIOTCS [T TECTUPOBAHHS YCTPOHCTBA.

Iporpamma MozenupoBanus AuHaMuueckux npoueccoB sHeprocucteMbl EUROSTAG 0Obuta ¢ ycriexoM NpUMEHeHa /T TECTUPOBAHUS YCTPOHCTB aBTOMATHKH.
B kadecTBe TECTHPYEMOro yCTPOHCTBA UCIOIB30BANIOCh YCTPOWCTBO JIMKBUJIAIIMN ACHHXPOHHOTO pesknma sHeprocucteMsl AGNA. B pesynbrarte TecTupoBanus
Ob11a moATBEpKEHA padboTocrocobHOCTh penie AGNA mpH 3aJaHHBIX yCTaBKaxX yCTPOICTBA M B PA3IMYHBIX MOJIETHPYEMBIX PEXKIMAX PabOTHI 3HEPTOCHCTEMEL.
Meromonorus TECTHPOBAHHS YCTPOMCTB C MOMOIIBI0 MOJICIMPYEMBIX CHUTHAJIOB MO3BOJSCT MPOBEPUTH PabOTOCIIOCOOHOCTH YCTPOICTBA MPEIOTBPAIICHHUS
ACHHXPOHHOTO PEKMMA B YCIOBUSIX, OJIM3KHUX K PEaIbHBIM U MOXKET ObITh IIPUMEHEHA [T TPOBEPOK JPYTUX YCTPOHCTB PENeiHHOM 3alUThl M aBTOMATHKH.
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