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Introduction

This paper provides the description of power system control during emergency situations applying new stability control method,
which is based on determination of controlling actions using real emergency state of power system.

Development of power systems, appearance of large interconnected power systems with thermal and hydro power plants of large
capacity, as well as loaded power transmission lines complicates control tasks of operational conditions.

Effective tools for providing power system stability are the anti-emergency automation, which contains various numbers of
arrangements preventing expansion of emergency disturbances and their spreading out to neighbouring regions of power system
[1]. Existing anti-emergency automation prevents power system stability disturbance using pre-calculated emergency situations
and providing dosed control impacts on power system generation and load in order to restore power balances and prevent
dangerous overloading of transmission lines. However, not all emergencies can be foreseen in advance. Therefore, there is a need
in development of control automation adaptive to any possible emergency situation.

Existing anti-emergency automation system

This section briefly describes the operational principle of anti-emergency automation at present operated in many power systems.
Existing anti-emergency automation represents a complex of arrangements providing the functions to recognize and prevent the
disturbance. The function of determining impact dosing on power system during emergency situation is realized by the automatic
dosage arrangement (dozer). This arrangement encloses the data table of calculations “disturbance — control impact value”. Table
is formed of calculation results of emergency state previously made on mathematical models for different impact conditions.
Depending on type of dozer arrangement the table can be presented in the form of “scheme — operational condition — disturbance
— control impact”. Table is formed in a way of impact dose determination for each selected emergency situation.

The simplest arrangements of anti-emergency automation operate in accordance with action of one of starting arrangements (for
example, block contacts of circuit-breaker) from the list of several arrangements, each of which corresponds to one of the
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accounting impact types. Impact dose has been determined before the emergency. Results of calculations are formed into the
table, which is set inside the memory storage of anti-emergency automation.
The basic drawbacks of existing anti-emergency automation are:
— after disturbance in the power system automation is not operating according real emergency impact, but selects nearest
emergency situation from the table;
— system of emergency condition control by preventing stability disturbance has no adaptability for complex character of
disturbance;
— automation does not provide rearranging after emergency condition of power system into normal operational condition, this
operation is provided manually.
In order to enhance the efficiency and quality of power system emergency control new method is required for the determination of
impact doses and providing the restoration of normal operational condition during control process without unnecessary shedding
of load or generators.

Impact dose determination method

In this section the mathematical description of suggested impact dose determination method is given.
Method is based on using of dynamic equation of rotor movement. Dynamic equation of power system, which consists of single
turbo unit and load on its busbars is expressed as follows:

Jz'w'dw/dt:Pmeh(f)_Pez(f) (1)

where J - total inertia moment of gyrating mass of turbo unit and load; @ - angular velocity; P, (f)- mechanical power on
turbine's shaft at any frequency value; P, (/') - electrical load power on generator's busbars at any frequency value.

Equation (1) is true for both transient and steady states.

In order to restore the power balance at nominal frequency after some disturbance, current parameters of equation (1) are to be

reduced to nominal frequency, and then the power deficiency value could be determined at any level of frequency.
Equation of turbine’s mechanical power dependence on frequency:
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Equation of power load dependence on frequency:
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where a, +a, - coefficients of frequency dependent load (z a,=1).
0

- mechanical power on turbine's shaft at nominal frequency; f; f, - current and nominal frequency values.

Available expression of total inertia moment:
JZ:JG+JL:TG.Pmehn/a)f-i_TL.f)eln/a)f (4)

where 7 ; 7, - time constants of generator and load.
Dynamics equation of mechanical power of turbo unit, expressed using derived values:
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Calculated function of mechanical power at nominal frequency:
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Calculated power impact value on turbine unit:
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Equations (5) and (7) show that equality of powers P,.,, and P,, can reinstate when function F; ( fif '...): —1. Using estimated

function F; it is possible to determine the state of a power system for any current frequency and its rate of change value.

Only at normal operational condition, when the frequency is equal to nominal value and rate of change of frequency is zero, the
calculated power balance is equal to balance of current powers.
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Operating principle of suggested automation

Operating principle of automation preventing stability disturbance is based on calculation of power deficiency or surplus for
separate power station during real emergency state.

Disturbance appeared in one location of power system spreads out in short time interval to another electrical power stations.
Electrical power stations have sufficient information about disturbance value in power system. If, for example, the power
deficiency will be calculated on each power station and eliminated in a way of load shedding with dose equal to this calculated
deficiency, then there will be restored the normal post-emergency operational condition in power system.

Impact dose is determined by real time calculations, not by the comparison with pre-calculated emergencies.

Anti-emergency automation operating on new principle is decentralized automation solving separate problem of power deficiency
or surplus elimination on examined power station and stability disturbance prevention. However, restoring normal post-
emergency operational condition on one power station, restoration process takes place also in other non-controlled power stations.

Analysis of emergency condition in case of tripping parallel power transmission line

This section is devoted to observance of emergency conditions, caused by the tripping of parallel power transmission line in
power system.

Stability analysis during emergency situation was provided for power system consisting of three thermal power plants
interconnected via power transmission lines. Principle electrical scheme and parameters of normal operational condition in
relative values are showed in Figure 1.
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O G e
L — N
Py= 1.7

T T P~ 0.8
P =0.18 P = 0.32

L3 . L4

Figure 1. Principle electrical
scheme of power system

For such configuration power systems and in case of large amount of power exchange between three regions, it is very
substantially to keep the parallel operation, i.e., maintain system stability in case of emergency trip of one power line.

Here as an example is examined situation, when power region G, is deficient and receives power via transmission lines from
second and third - the surplus one regions G, and Gs.

Emergency tripping of one power line leads to the disturbance of power balance on generators, as well as sudden load drop on
power lines, which are left in operation.

Power system stability is dependent on transmission capacity of power lines and adaptive anti-emergency operation. For power
lines with sufficient transmission capacity system stability is not disturbed and transient process stabilizes rapidly. However, very
often total amount of transferred power via transmission lines exceeds the transmission capacity of one line and emergency can
disturb the system stability. Anti-emergency automation should prevent stability disturbance in a way of increasing generated
power or load shedding in deficient part of power system (in this case it is G;) and decrease generated power in surplus power
regions to avoid overloading of the lines.

For evaluation of operation efficiency of anti-emergency automation calculation results of dynamical process is compared in non-
controlled power system and in power system controlled by new automation.

Disturbance is assumed as tripping of one parallel line L;, which connects power plants G, and G».

In this case the weakest power line is L3 with transmission capacity Pyax = 0.2 relative values. Transfer capacity for lines L; and
L, is assumed 0.55 relative values and for line L4 maximal transfer capacity is 0.5 relative values.

Figure 2 a) shows that power angle in line L3 in case of non-controlled power system at pre-emergency state already comes up to
70° due to the large power flow from surplus region Gs and after emergency trip of line L, system stability is disturbed. Figure 2
b) represents power flows in transmission lines.

Non-controlled power system cannot maintain stability for such power exchange scenario. Power flow to deficient region G
should be decreased in order to provide power system stability at normal and emergency conditions.

Figure 3 a) and b) represent calculation results of emergency condition for the same structure power system as in Figure 1, which
has generators G;, G, and G; applied with rotation speed governors and load shedding system affected by power deficiency
(surplus) calculating arrangements of new principle.
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Figure 2. Transient processes after disturbance in non-controlled power system: a) — power angle in lines L, L, and Ls; b) —
power flows in lines L;, L, Ls and L4

During emergency time these arrangements control all the system characterizing parameters, as well as line loading and actuate
load shedding in first region at the same time impacting executive mechanisms of turbo units to decrease the generated power in
the second and third regions.

Accuracy of determined value of necessary load shedding and generated power decrease allows fast preventing of line out-of-step
condition and providing system parallel operation at power exchange between regions. This condition is characterized with
operation of governors on generated power sources and load shedding, which compensate the disturbance on generator busbars.
This shows that calculations during real emergency time determine minimal necessary power value dose on power system to
provide the stability.

By elimination of power deficiency on one generator and power surplus on another, frequency in power system is restored to
nominal value, which could not be realized for system with existing anti-emergency automation selecting improper impact dose,
consequently which could lead to the over-frequency situation in power system and stabilizing process would take more time and
less efficiency.
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Figure 3. Transient processes in controlled power system: a) — change of power angle in lines L,, L3, L4; b) — power flows in lines
L], Lz, L3 and L4

From calculation results in Figure 3 a) and b) it can be seen that power flow and angle in line L; at pre-emergency operational
state is less than values detected in non-controlled system, but power flows and therefore power angles in lines L, and L is larger.
Power system stability disturbance is efficiently prevented by operation of calculating arrangements affecting governors of
thermal power plants.

Conclusions

Results of fulfilled investigations allow revealing following statements:

— Principle is based on determination of the deficiency or surplus value on power station continuously during transient and
steady state conditions, and it considerably improves power system stability and allows adapt operation of automation on
conditions of cascade emergencies.

— Automation operates on power system with doses equal to calculated deficiency or surplus, what allows efficient
preventing power system stability disturbance.

— After preventing of power system disturbance anti-emergency automation restores normal post-emergency condition
without unnecessary load or generator switching.

— Great interest on further research work raises power system emergency control with impact doses distributed by settings
in equal time intervals, where the power of each next setting is equal to left deficiency (surplus).

Still lot of work have to be done in the area of investigations for more complicated power systems and types of disturbances.
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Gurovs N., Cuvicins V., Kiene S. Vadibas iedarbju noteikSanas metode energosistémas stabilitates paaugstinaSanai

Raksta ir pievérsta uzmaniba energosistémas pretavariju vadibas un stabilitates uzturésanas problémam.

Autori, atkldjot vairakus eksistejosas pretavariju automatikas trickumus, piedava jaunu pretavarijas vadibas iedarbju noteikSanas metodi, lai paaugstinatu
energosistemas stabilitati, atjaunojot jaudu bilances un novérsot bistamas elektroparvades liniju parslodzes.

Ka tika analizéts, esosa pretavariju automatikas sistema, kas paredzéta energosistemas stabilitates traucéjumu noversanai, izmanto vadibas iedarbes uz
generdciju un slodzi, kas ieprieks aprékinata dazadam avarijas situdcijam. Tacu ne visas avarijas situdcijas var paredzét ieprieks, tapéc rodas
nepieciesamiba attistit pretavariju vadibas automatiku, lai ta biitu adaptiva jebkuras avarijas situdcijas.

Piedavata metode balstas uz nepartrauktu generéjamds un patéréjamds jaudu starpibas noteiksanu pie nominalas frekvences uz elektrostacijas kopném. St
metode Jauj noteikt vadibas iedarbes lielumu pie jebkuras frekvences vertibas, kas atskiras no nominalas.

Raksta ir paraditi modelesanas rezultati, izmantojot jauno iedarbju noteiksanas metodi stabilitates traucéjumu novérsanai vienkarsa energosistemad.

Gurov N., Chuvychin V., Kiene S. Method for the determination of controlling actions to enhance power system stability

Authors, revealing some drawbacks of existing anti-emergency automation, suggest new method for the determination of controlling actions in order to
enhance power system stability by the means of restoring power balances and preventing dangerous overloading of power transmission lines.

As it was analyzed, existing anti-emergency automation system provided for preventing power system stability disturbances uses pre-calculated control
actions to generation and load for different emergency situations. However, not all emergencies can be foreseen in advance. Therefore, there is a need in
development of control automation adaptive to any possible emergency situation.

Suggested method is based on continuous metering of difference between generated and consumed powers on power station busbars at nominal frequency
value. This method allows defining the controlling actions to the power system at any frequency value different from the nominal level.

Paper presents the results of stability disturbance prevention in simple power system using the method of determination of controlling actions.

T'ypos H., Qysviuun B., Kuene C. Memoo onpeodenenus ynpasnaioujux 6030eicmeuil 0jisa NOGbleHUs.  YCMOUYUBOCHIU IHEP2OCUCHI EMbL

B cmamve paccmampusaromes: npobnemvl npomugoasapuiiHo2o ynpasienus u NoOOepHCaHUst yCmoudU80Cmu IHEP2OCUCNEMbI.

Aemopbi, yKkasvieas Ha HeKOMopbie CyujecmeeHtblie HeOOCMAmMKY Cyuecmayrouell CUcmemsbl NPOMUBOA8ApUIIHO20 YRPABIeHUs, NPe0a02arom HO8bll Memoo
onpeodenieHus NPoOMuUBOABAPULIHBIX B030eUCMBULL 015 NOBbIUEHUS YCMOUYUBOCMU JHEP2OCUCTeMbl NymeM B0CCMAHOSNeHUs Oalanco8 MouwHocmel u
npeoomspaujerusi ONACHbIX nepezpy30K JUHUL dleKmponepeoayu.

U3 nposedennozo ananusa ciedyem 4mo Cywecmeayiowdas cCucmema npomusodeapuiiHol asmomamuKky npeoHasHa4eHHas 0s npedomsepoueHus HapyuleHus.
YCMOUYUBOCMU IHEP2OCUCEMbl UCNONb3Yem YApasidioujee 6030eliCmaue HA 2eHepayuio U HA2PY3Ky Yice npextcoe pPAcCHUMAHHYI0 Osl PA3TUUHBIX
asapuiinbix cumyayuti. OOHaKo, He 8ce agapuiinble CUMyayuy Mo2ym 0bimsb NpedCKa3aHHbl 3apanee, N0IMOMY HeobX00UMO pazsumue nPoOmuU8oaAsapULIHOL
agmomamuxy ymoobsl ma Ovlia A0ANMUBHA NPU JIOOBIX ABAPUTIHBIX CUMYAYUSX.

Ipeonosrcennviti Memoo OCHOBbIBAECMC S HA HENPEPLIBHOM 3amMepe PA3ZHOCMU 2eHepupyroueli i nompeodaaeMoll MowHocmell npy HOMUHALHOU Yacmome Ha
WUHAX 2NIeKMPOCMAHYUY. DMom Memoo no380Js1em Onpedeiums 003y YAPAGIAIWE20 8030eliCneus npu 000l yacmome OMAUYHOU OM HOMUHATLHOZO
3HAYEHUSL.

B cmamve noxasannvl pezynbmamvi MOOenupo8anusi npedomepaujeHuss Hapywenus yCmoudueoCmu HeCAONCHOU IHEPLOCUCTNEMbl HOBbIM MemoooM
onpeoenenus ynpasisiomux 6030etcmaull.
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