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The transient analysis of the hydrogenerator of Nurek HPP
subject to automatic excitation control action

Abstract. At present time, the task of studying the operating conditions of synchronous generators operating in parallel with the power system taking
into account the introduction of new capacities in the system and increasing their stability provokes interest for research. An effective mean of the
stability of power plants, as part of the power system, is automatic excitation control. The simulation environment MATLAB / Simulink is widely used
in the calculation and analysis of normal steady-state and transient conditions of electrical systems. The article presents the results of the study and
the comparison of operating parameters on the example of the Nurek hydropower plant. The results obtained will be useful in studying the use of
modern types of AEC in the excitation system of the generators of Nurek HPP.

Streszczenie. Skutecznym $rodkiem stabilnosci elektrowni, jako cze$ci systemu elektroenergetycznego, jest automatyczna kontrola wzbudzenia.
Srodowisko symulacyjne MATLAB / Simulink jest szeroko stosowane w obliczeniach i analizach normalnych stanéw ustalonych i stanéw
nieustalonych uktadéw elektrycznych. W artykule przedstawiono wyniki badan i poréwnanie parametrow eksploatacyjnych na przyktadzie elektrowni
wodnej Nurek. Uzyskane wyniki bedg przydatne w badaniu wykorzystania nowoczesnych typéw AEC w ukfadzie wzbudzenia generatoréw Nurek

HPP. Analiza stanéw przejsciowych generatora z automatycznym sterowaniem wzbudzenia na przykfadzie hydroelektrowni Nurek

Keywords: synchronous generator, automatic excitation control of a strong action (AEC-SA), transients, short circuit.
Stowa kluczowe: generator synchroniczny, automatyczna kontrola wzbudzenia silnego dziatania (AEC-SA), stany nieustalone, zwarcie.

Introduction

In the Republic of Tajikistan (RT) in order to increase
the level of population’s welfare due to an economic growth,
accompanied by the increasing of generating capacities
through a construction of new powerful power plants, such
as Rogun HPP with a capacity of 3,600 MW. In this case,
the power flow through the transmission lines is increased,
as well as the levels of short-circuit currents in the high-
voltage nodes of the electric power system of the Republic
of Tajikistan is also increased. These factors affect to the
maintaining of the power system stability. Changing the
parameters of the conditions to certain limits - determine the
stability of power system which in turn depend on the
automation system.

The emergency control automatic system provides
automatic control or regulation in emergency cases mainly.
Therefore, it includes an equipment for automatic excitation
control, providing of the increasing stability and parallel
operation of generators on a common network [1]. The main
purpose of AEC is a rapid and significant increase (forcing)
of the excitation of generators to the highest value, which
provide and allow the excitation system under violations of
the normal condition, accompanied by a voltage drop and
current increase [2].

Purpose of research

The purpose of this study is to determine an effect of
AEC on the values of currents in the rotor's excitation
winding of hydrogenerator under three-phase short circuit
on the transmission line.

Simulation of the calculated model

In this regard, a calculated model was developed to
determine the effect of AEC to the current values in the
excitation winding of the hydrogenerator rotor. The Matlab
software package was chosen to develop a calculated
model. The Matlab/ Simulink library is a set of visual blocks
by the help of which it is possible to conduct practically a
study of any complexity for electrical circuits. The ability to
customize the parameters exists for all blocks, reflected in
the margins of the settings window of the selected block.

The synchronous generator was simulated by a three-
phase element “Synchronous Machine pu Standard” which

allows to carry out in-depth analysis of transients taking into
account the influence of damper windings obtained by
preliminary transformations by the well-known system of
Park-Gorev equations, supplemented by the rotor motion
equation [3].The equivalent circuit of the model is
represented in the rotor reference frame (qd frame). All
rotor parameters and electrical quantities are viewed from
the stator. They are identified by primed variables. The
subscripts are:

d,q — d- and g-axis quantity

R,s — Rotor and stator quantity

I,m — Leakage and magnetizing inductance

f,k — Field and damper winding quantity

The relevant equations are:
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The electrical model of the machine is shown in figure 1.

To the input of which the variables Pm (power on the
rotor shaft) and Uf (excitation voltage) are fed by the
adjustable turbine and the excitation system, depending on
the operating conditions of the synchronous generator. The
auxiliaries of the generator are fulfilled by the element
Three-Phase Parallel RLC Load, which represents an active
load equal to 3 MW.
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Fig.1. Electrical model of synchronous machine

The element “Three-Phase Transformer” was chosen as
a model of a step-up double-winding transformer. The
double-circuit power line (OHL1 and OHL2) is shown with
the help of parallel-connected elements “Three-Phase PI
Section Line”. The element “Three-Phase Source” is used
as a power system, which represents a three-phase power
source with a constant EMF (electromotive force). The

model also contains the elements of the “Hydraulic Turbine
and Governor”, the “Three-Phase Breaker” and the “Three-
Phase Fault” producing an artificial short circuit.
Measurement of operational parameters is displayed by the
“Measuring Instruments” subsystem gave in figure 2.

Simulation in Matlab/Simulink was carried out using the
powergui block (subsections of Load Flow and Machine
Initialization), which calculate the steady-state network and
determine the initial operating parameters of the
synchronous generator.

In accordance with [2], when studying electromagnetic
transients in electric power systems, it is allowed to neglect
the saturation of magnetic systems of electrical machines,
the magnetizing current of transformers, the transverse
capacitance of overhead transmission lines, including 330
to 500 kV lines.

In this paper, using the example of the Nurek HPP unit,
the task was to determine the values of currents in the rotor
winding under three-phase short circuit on the transmission
line with its further disconnection. Three combined power
units (for a voltage of 500 kV) and three power units (for a
voltage of 220 kV) of a BICB® 940 / 235-30 series
synchronous generator with a capacity of 335 MW (394
MVA) each were installed at the Nurek HPP. In this regard,
for the beginning, the value of currents at a three-phase
short circuit of one synchronous generator operating on the
network through a step-up transformer TL} -400000 / 500-73

Y1 and double-circuit 500 kV line to the equivalent
power system were considered. The result of calculating the
three-phase short-circuit current on a 500 kV transmission
line is 3.716 KA (the short-circuit current value in the case of
a single generator), that confirmed by the three-phase
short-circuit current given in [4].
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Fig.2. Calculated model of the electrical network in the Matlab/Simulink environment

Mathematical models of excitation system with AEC-SA

AEC-SA is a multi-channel device that provides the
maintenance of the required voltage level at a given point in
the system, forcing excitation in emergency conditions,
damping oscillations at small and finite disturbances,
limiting the minimum and maximum rotor currents, and also
performing a number of other functions.

36

Regulation of excitation has a significant impact to the
operating conditions of generators during transients, in
connection with this, a mathematical model of the excitation
system with AEC-SA was created in accordance with the
model and recommendations [5-6]. The excitation system of
Nurek HPPs hydrogenerator is made according to the self-
excitation scheme with a series-wired boost transformer
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and AEC-SA. The regulator of strong action has in the
regulation law, in addition to the deviation value of the
voltage and the reactive current of the stator, the following
parameters: the derivative of the generator voltage, the
derivative of the rotor current, frequency deviation and
derivative of frequency. The model of the excitation system
is shown in Figure 3.

The parameters of the transient process during a short
circuit depend on the degree of remoteness of the short-
circuit point from the generator buses, are accompanied by

an abrupt change and consequently by a sharp increase of
currents. To facilitate the study, all calculations of the short-
circuit have been made in relative units.

In the event of a short circuit, the current in the
excitation winding increases due to the action of the AEC-
SA, therefore, any change in the rotor is accompanied by
changes in the stator [7-8].

Veramma i (0.6)

Fig.3. Synchronous generator mathematical models of excitation system with AEC-SA

Simulation Results

The oscillograms of the rotor current under a sudden
three-phase short circuit with duration of 0.2 s is provided in
Figure 4.
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Fig.4. Curves of current changes in the excitation winding

Simultaneously with the disconnection of the short
circuit, one circuit of the damaged section is disconnected.

From Figure 4, it can be seen that the process of
increase and attenuation of currents during the transient
process with increasing distance of the short-circuit point
from the generator bus, occurs slowly. In the initial stage of
the transient process with a short-circuit, the action of the
AEC-SA is not noticeable, such a process takes place in the
excitation winding, where the action of the AEC-SA
gradually increases the excitation current, that is, the
change in |_f lags behind the changes in U_f due to the
large inductance of the excitation winding. Then for some
time it appears more and more intensively, tending to

maintain the voltage on the generator bus, due to
increase of the excitation voltage.

The change of the excitation voltage under above
conditions is shown in Figure 5.
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Fig.5. Curve of excitation voltage change at the moment of short
circuit.

According to the Figure 6, a voltage reduction under the
short-circuit Ug leads to the increasing of difference U0—
Ug, and consequently, to increasing of the excitation
voltage Uf (Figure 5).

The amplitude values of the voltage on the generator
bus are shown in Figure 6.

Analyzing the value of the voltage on the generator bus
during a short-circuit, you can see that under AEC-SA it
remains almost unchanged at a certain value, and without
AEC-SA begins to decrease. Supporting of a normal
voltage level on the generator bus leads to reducing of the
active power shedding.
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Fig.5. The amplitude values of the’voltage on the generator bus

Conclusion

Depending on the distance of the short circuit location of
busbars from the power plant, the process of increasing and
damping the excitation currents during the transition is slow.

In the presence of AEC-SA, the attenuation of free
currents arising in the field winding during a three-phase
short circuit compensated by voltage increasing from the
action of AEC-SA. Maintaining the voltage level on the
generator busbar with AEC-SA during short circuit at a
certain value reduces the discharge of electric power.

Usage the AEC-SA model, it was shown that optimal
coefficients can be found on the stabilization channels,
which provide acceptable damping indicators for various
damage on the transmission line.
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