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Abstract

The paper develops an adaptive fuzzy control system for a turbogenerator.
The control system consists of a voltage controller and a power system stabi-
lizer. The parameters of the proposed control system were optimized using
genetic algorithms and are updated on line to get an optimum performance of
the power system. Simulation tests of the study power system due to three-
phase short-circuit or small deviation of the infinite bus voltage is presented.
Moreover, a comparison between the power system response using fuzzy
control strategy and conventional control is obtained.

Streszczenie

W artykule uméwiono model rozmytego i adaptacyjnego uktadu regulacji
turbo-generatora. Model ten skfada sig z: regulatora napiecia i stabilizatora
systemowego. Parametry proponowanego modelu ukladu regulacji zostaly
zoptymalizowane wykorzystujac algorytm genetyczny i sa dostrajane w cza-
sie pracy turbozespotu w celu uzyskania optymalnego stanu pracy. Przedsta-
wiono badania symulacyjnych przejgtego uktadu jednomaszynowego przy
tréjfazowym zwarciu i malym zakl6ceniu napigcia. Poza tym, poréwnano
wyniki symulacji uzyskane z rozmytym i z klasycznym uktadem regulacji.

Keywords: fuzzy controller, fuzzy power system stabilizer (PSS), tran-
sient stability, turbogenerator

Slowa kluczowe: regulator rozmyty, rozmyty stabilizator systemowy,
stabilno$¢ dynamiczna, turbogenerator

1. Introduction

Nowadays, power systems are operated more and more with reduced
security margins. This situation makes power systems vulnerable to
perturbations. One of the emerging problems, as a result of the heavy
operation of the power systems, is the low frequency oscillations
that can appear both under normal and disturbed conditions [1]. The
oscillations have a negative effect on the power system flows and
can result in instability of the system. Adaptive PSS have the capabi-
lity to damp power system oscillations. This function is very attracti-
ve since modern power systems are expected to operate in intercon-
nected mode. Furthermore, interconnections are often realized by
weak tie lines, which are sensitive to power system oscillations.

The applying of self-tuning systems to overcome the above diffi-
culties requires high complex mathematical tools, an exact mathe-
matical model and precise data of the controlled process. The turbo-
generator is highly nonlinear dynamic plant. Fuzzy logic set theory
or neural networks are very suitable in the designing of control sys-
tem for a such plant [2, 3, 4]. In this paper, the adaptive fuzzy excita-
tion control is studied for transient stability and damping improve-
ment. The fuzzification phase of the control system is defined. The
simulation results of a sample system are presented. The improve-
ment of the transient stability of the sample system is clearly demon-
strated.

2. Simulated power system description

The power system used in the simulation consists of a synchronous
machine connected to an infinite bus through transformer unit and
transmission line, an exciter with a fuzzy controller and a fuzzy PSS,
a condensing turbine and a speed turbine controller.
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Fig. 1. Diagram of study system
Rys. 1. Schemat blokowy badanego uktadu

3. Fuzzy excitation control system
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Fig. 2. Schematic diagram of the fuzzy control system
Rys. 2. Schemat blokowy rozmytego uktadu regulacji

Fig. 2 shows the block diagram of the proposed fuzzy control
strategy. The selected control inputs are:

g

- the deviation generator voltage AU,, its derivative and its

integral | AU (At for the controller;

- the deviations AP,,A®,,d, for the power system stabilizer.
P, w,,6, are successively the active power, the angular speed
and the power angle of the synchronous machine under study. In
fig.3.1 and fig.3.2 are represented the fuzzy membership functions
of the above control input variables.

Each input, as well as for the voltage controller and for the PSS,



52

PAK 12/2003

By

Ay

| -

b, b, by 0 X‘b‘ by b v
K,

dAy,

dt o

b, b, by 0 x2b4 by b i
B,

[Aus

b, b2 b, 0 ’st4 b5 b
Fig. 3.1. Membership functions for the controller input variables
Rys. 3.1. Funkcje przynaleznosci zmiennych wej$ciowych regulatora
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Fig. 3.2. Membership functions for the PSS input variables
Rys. 3.2. Funkcje przynalezno$ci zmiennych wej$ciowych stabilizatora syste-
mowego

is quantified into seven linguistic values: NL-negative large, N-ne-
gative, NS-negative small, ZE-zero, PS-positive small, P-positive,
PL-positive large.

The boundaries of the parts are designed by b, (i=1..6) . For each
input signal value x, (k=1.3), we have two nonzero membership
degrees U; with i=1,2,3 and j=1,2. To calculate the output signal for
the controller or for the PSS, we use a very simple method avoiding
the defuzzification strategy. Each product f, 1, of two member-
ship degrees f, and [ ; belonging to two different input signals

| v,
. AU, Javay, (£ JAU @) or  (AP,.Aw),

(AP,,A6,) and (Aw,,Ad,) for the PSS, is multiplied by an appro-
priate crisp value A,,. The sum of the products gives the value of the
output signal:

dUg
(au ’_dt—_)’

clp = 2 Z;Lkhuik#ﬂ 0
i=1,2;j=23;i#j k=1,2;1=1,2
U, - for the fuzzy controller; U, - for the fuzzy PSS.

The crisp parameters A,, are updated on line using the deviation
signal resulting from two consecutive (with sample time T=10ms)
voltage values U , (k) and U , (k - 1) for the controller and from P, (k)
and P, (k -1) for the fuzzy PSS. All the parameters, b, (i =1..6) shown
in fig. 3.1 and fig. 3.2, and K, K, and X shown in fig.2, were
optimized during the designing-phase of the control system.

4. Simulation tests and results

Simulation study is carried out to investigate the validity of the pro-
posed control strategy. The performance of the proposed control sys-

tem has been evaluated under different initial operating conditions

and disturbances:

- in fig. 4.1a, fig. 4.1b the initial operating condition is the nominal
set point Pg=0.85 [p.u] Qg=-0.527 [p.u] and the disturbance -5%
step change of the infinite bus voltage. Both controllers are witho-
ut PSS. The fuzzy controller provides better oscillations damping
than the conventional.

- in fig. 4.2a, fig. 4.2b and in fig. 4.3a, fig. 4.3b the initial operating
condition is Pg=0.85 [p.u] Qg=0.2 [p.u] (capacitive) and the di-
sturbance a three-phase short-circuit below the transformer unit.
The fault is cleared after 150 ms. In this case the fuzzy power
system stabilizer gives a remarkable oscillations damping.
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Fig. 4.1a. Active power response for a -5% step change of infinite bus voltage
Pg=0.85 [pu], Qg=-0.527 [p.u]. Both controllers without PSS

Rys. 4.1a. Przebieg mocy czynnej generatora po -5% skokowym wzro$cie napig-
cia systemu elektroenergetycznego. Pg=0.85, Qg=-0.527. Oba regulatory bez sta-
bilizatora systemowego
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Fig. 4.1b. Angular speed response for a -5% step change of infinite bus voltage
Pg=0.85 [pu], Qg=-0.527 [p.u]. Both controllers without PSS

Rys. 4.1b. Przebieg predkosci obrotowej generatora po -5% skokowym wzroécie
napigcia systemu elektroenergetycznego. Pg=0.85, Qg=-0.527. Oba regulatory bez
PSS
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Fig. 4.2a. Active power response for a 5% step change of infinite bus voltage.
Pg=0.85 [pu], Qg=0.2 [p.u]. Both controllers without PSS

Rys. 4.2a. Przebieg mocy czynnej generatora po 5% skokowym wzroscie napigcia
systemu elektroenergetycznego. Pg=0.85, Qg=0.2. Oba regulatory bez PSS
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Fig. 4.2b. Angular speed response for a 5% step change of infinite bus voltage.
Pg=0.85 [p.u]. Qg=0.2 [p.u]. Both controllers without PSS

Rys. 4.2b. Przebieg predkoséci obrotowej generatora po 5% skokowym wzro$cie
napigcia systemu elektroenergetycznego. Pg=0.85, Qg=0.2.0ba regulatory bez PSS
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Fig. 4.3a. Active power response with fuzzy controller for a three-phase short-
circuit. Pg=0.85 [p.u], Qg=0.2 [p.u]

Rys. 4.3a. Przebieg mocy czynnej generatora z regulatorem rozmytym po trojfa-
zowym zwarciu. Pg=0.85, Qg=0.2
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Fig. 4.3b. Angular speed response with fuzzy controller for a three-phase short-
circuit. Pg=0.85 [p.u], Qg=0.2 [p.u]

Rys. 4.3b. Przebieg predkosci obrotowej generatora z regulatorem rozmytym po
tréjfazowym zwarciu. Pg=0.85, Qg=0.2
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5. Conclusion

This paper presents an on-line fuzzy control scheme for a turbogene-
rator. The simulation results prove the robustness and reliability of
the proposed fuzzy control strategy in terms of high performance of
power system. It effectively improves the system transient stability
and damping requirements.
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