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Abstract

In nearest perspective, Georgian Power System will be connected with Power
Systems of Azerbaijan and Turkey, in range of the project “Power-Bridge”, in addition,
there will be built big amount of Hydro Power Plants in Georgian System. By one side,
this will increase stability and availability rates of the system, but in other hand, it will
form a risk of arising of power unbalance in Georgian System. The problem is following:
In case of outage of 500 kV OHL “Mukhrani” connecting Power Systems of Azerbaijan
and Georgia, its parallel branch 330 kV OHL “Gardabani” will be unable to provide pre
fault power transit, thus, it will be tripped by protection from overload, as long as
Georgian System will be connected width Turkish one by Back-to-Back Station, last
mentioned System will not be participate in processes developed in Georgian System and
as result, there will be formed a big deficit of power — by value equal to pre fault inflow
power from Azerbaijan. By action of prime movers of operating generators, it will be
impossible sudden increasing of system mechanical power, so generators will be
decelerating and system frequency will be decreasing intensively and in case of non-use
of measures of liquidation of power deficit, this process may be ended by system
collapse. The opposite situation will have please in case of outage of 400 kV OHL
“Meskheti” connecting Power Systems of Georgia and Turkey. There will be formed a
big surplus of power — by value equal to pre fault outflow power from Georgia to Turkey.
By action of prime movers of operating generators, it will be impossible the sudden
reduction of system mechanical power, so generators will be accelerating, system
frequency will be increasing intensively and in case of non-use of measures of liquidation
of power surplus, this process may be ended by system collapse or stability loss. So, this
work is devoted to above problem and alternatives of its decision.

It is determined the empirical and analytical dependences between power balance
and frequency, in this work. It’s obtained such law/speed of liquidation of power
unbalance witch allow to remain the frequency in desired ranges for any composition of
power system.

The work consists from introduction, four chapter of main text, with experimental
part, analytical part and conclusions. In the end of work there is an appendix.

In chapter I, with software PSS/E (Power System Simulator for Engineering), for
various composition of power system, it is obtained the empirical dependence between
system frequency, total inertia constants of operating generator and power unbalance. It is
built the appropriate surface.

In chapter I, by basing on an experience of big amount of done calculations, in
case of liquidation of arisen power unbalance, the frequency curve may be replaced with
sum of two exponential function. So, in this chapter is developed mathematical model
which allows for a system with any total inertia constant and for any power unbalance
arisen in this system, obtaining of power unbalance liquidation law, which corresponds to
a desired time response of system frequency.

In chapter III, basing on some presumptions, it’s developed a mathematical model
witch allow to determine an analytical dependence between difference of system active
and reactive power and system frequency. The presumptions are following:
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e The system is represented by a single equivalent generator;

e Frequency of all generators are changing identically and in per units is
equal to speed deviation of the equivalent generator, oscillations between

generators are neglected;

e Mechanical power changing have a linear character, independently from

regulation droop;
e Electrical power changing has a step character.

In Visual Basic it is developed a program. This program by considering any
system generator composition and mechanical power increasing capability, in case of any
amount of arisen power deficit and surplus, calculates an amount of loads power and
generators power/inertia for tripping, so, that in transients the system frequency remains
in desired ranges.

In chapter 4, based on a mathematic model of a system equivalent generator,
turbine and speed governor, it is developed and considered an iterative approach of
liquidation of power unbalance. This approach, in case of integration with SCADA, can
give the best results of accordance by mean of liquidation of power unbalance

In chapter 5 it is developed a control module of SCADA, for system control in
case of arising power deficit or surplus. There is also developed action schema of this
module. The action will be based on these mathematical models and approaches
developed in above three chapters. There is discussed and modeled by PSS/E three
alternative scenarios of transients arisen in case of outage 500 kV OHL “Mukhrani”
connecting Power Systems of Georgia and Azerbaijan. On base of done analyze it is
identified the best scenario from these three.
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