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Abstract:

In this paper a fuzzy logic controller as power system stabilizer for stability enhancement of a multi-machine power
system is presented. Power system stabilizers (PSSs) are added to excitation system or control loop of the generating unit to
enhance the damping during low frequency oscillations. In order to accomplish the stability enhancement, speed deviation ([101)
and acceleration ([107) of the rotor of synchronous generator were taken as the input to the fuzzy logic controller. These
variables produce significant effects on damping of the generator shaft mechanical oscillations. The simulations were tested
under different operating condition and the responses of stabilizing signal were computed. The performance when compared
with the conventional PID controller the results of fuzzy controller are quite encouraging and satisfactory.
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I. Introduction

Fuzzy logic control has emerged as a powerful tool and it start to be used in various power system applications. The
application of fuzzy logic control technique appears to be most suitable one whenever a well-defined control objective cannot
specified, the system to be controlled is a complex, or its exact mathematical model is not available [1-3]. Most power system
stabilizers are used in electric power systems to employ the classical linear control theory approach based on a linear model of a
fixed configuration of the power system. Such a fixed-parameter PSS, called a conventional Power System Stabilizer (CPSS).
[4,5] Low -frequency oscillations are a common problem in large power systems. A power system stabilizer (PSS) can provide
a supplementary control signal to the excitation system and/or the speed governor system of the electric generating unit to damp
these oscillations [6]. Most (PSS) is used in electrical power system employing the classical linear control theory approach
based on a linear model of affixed configuration of power system. Such affixed parameter PSS, is also called conventional PSS.
It is widely used in power system and has made a great contribution in enhancing power system dynamics. The parameters of
CPSS are determined based on a lineazed model of power system around a nominal operating point. Because power system are
highly nonlinear systems, with configurations and parameters that change with time, the (CPSS) design based on the linearized
model of the power system cannot guarantee its performance in a practical operating environment [7-9].

This paper presents power system stabilizer with an adaptive PID fuzzy controller for different operating conditions of
the power system. Various simulations have been performed for multi-machine power system.

All authors are staff at Sudan University of Science & Technology.

I1. Model of A process-Synchronous Generator

The system consists of synchronous generator, turbine, governor, and tie-line mode. The power flow over the transmission line
will appear as a positive load to one area and equal but negative load to the other, or vice versa, depending on the direction of
power flow. A block diagram represents this interconnection can be shown as in figure 1 the tie-power flow was defined as
going from areal to area2 [10,11].

Issn 2250-3005(online) October| 2012 Page 28




International Journal Of Computational Engineering Research (ijceronline.com) Vol. 2 Issue. 6

1

- l R1 =
.l‘?.@&’.‘.'.._.(ﬂf- — ._)*.| Governos l—.l Torberm |AP’"] |(

sct pont

1
mils + D1

= .

"
= )
load ref - ; T
AT S o B R MG S s
~ - mcEs e
- >
T 1 APL2
R

Figure 1 system model configuration

In figure 1 APm is deviation of mechanical power, AP is non frequency sensitivity, m=2H where H is inertia constant,
D is load of machine, APtie is tie power deviation, 1/R is net gain.
The model of the system is built in the Matlab/Simulink software suite as shown in figure 2. Electric power is generated by
converting mechanical energy into electrical. The rotor mass which contains turbine and generator unit, stored kinetic energy
accounts for sudden increase in the load. Neglecting the rotation losses, a generator unit is said to be operating in the steady-
sate at a constant speed when the difference between electrical torque and mechanical torque is zero [8].

I11. Power System Stabilizer

Power system stabilizer is control device that used to enhance damping of power system oscillations in order to extend
power transfer limits of the system and maintain reliable operation of the grid.
It can be proved that a voltage regulator in the forward path of the exciter generator systems will introduce a damping torque
and under heavy loading conditions this damping torque becomes negative. This is a situation where dynamic instability may
cause concern. Further, it has been also pointed out that in the forward path of excitation control loop, the three time constants
introduce a large phase at low frequencies just above the natural frequency of the excitation systems. To overcome this effect
and improve damping compensating network called “power system stabilizer (PSS)” can be introduced. The basic structure of
the conventional power system stabilizer is shown in figure 3 [8].
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Figure 3: Conventional Power System Stabilizer.

The control equation is given by:
SK,T,, @+ ST,)(@+ST;)

(1+ST,, )A+ST,)@+ST,)

Output (PSS)= Input D

Where;

Ks : Power System Stabilizer gain.

T, : washout time constant.

T1,T,, T3, T4 : Time constant selected to provide a phase lead for the input signal in the range of frequencies of interest.

IV. Fuzzy Logic Controller

In last decade, fuzzy logic controllers (FLCs) has being used as PSSs, have been developed and tested [12, 13]. As shown in
figure 4, there are specific components characteristic of fuzzy controller to support a design procedure-processing block. In the
block diagram in Figure 4 the controller is between a preprocessing block and a post-processing [14].
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Figure 4: Fuzzy controller structure
The speed deviation (CJ[1) and acceleration (1) of the rotor of synchronous generator were taken as the input to the fuzzy
logic controller. The main part of FLC is the rule base and the inference machine, the rule base is normally expressed in asset of
fuzzy linguistic rule, with each rule triggered with varying belief for support. The complete set of control rules is shown in table

- Table 1: Fuzzy Rules.
S Ce NB NS Z PS PB
NB NB NB NS NS z
NS NB NS NS z Ps
Z NS NS Z Ps Ps
Ps NS Z Ps Ps PB
PB Z Ps Ps PB PB
P — =
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Figure 5: Simulink mode
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| of multi-machine power system using PID Controller.

The Simulink model shown in figure (5) shows multi-machine power system controlled with PSS. Frequency deviation
response of multi- machine using conventional PSS is shown in figure (6). Figure (7) shows the synchronous machines
controlled with fuzzy PD+1 controller simulated in Matlab/Simulink software. Frequency deviation response of multi- machine
using fuzzy controller is shown in figure (8).

Issn 2250-3005(online) October| 2012

Page 30




International Journal Of Computational Engineering Research (ijceronline.com) Vol. 2 Issue. 6

delta wil
dalta wid

Frequency deviglion Pu]{

30
Tima (aec)

Figure 6: Frequency deviation response of multi machine using PID Controller.
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Figure 8: Frequency deviation response of multi- machine using fuzzy controller.
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Concolustions

This paper he fuzzy controller has an excellent response with small oscillation, while the PID controller response

shows ripples and some oscillation before reaching the steady-state operating point. It was shown that an excellent performance
of the fuzzy controller in contrast to the conventional one is the control loop of the generating unit of power system achieved.

References

[1] M.L. Kothari, Ravi Segal, Bhushan K. Ghodki. “Adaptive conventional power system stabilizer based on artificial neural
network” Power Electronics, Derives and Energy Systems, vol.2, Jan 1996, pp 1072-1077.

[2] EL-Haway Mohamed E. “ Electric power, Applications of fuzzy system “ 1988.

[3] Hassan M. A. M., Malik O. P., and Hope G. S., “A Fuzzy Logic Based Stabilizer for Synchronous Machine “, [EEE
Transaction on Energy conversion vol. 6, No. 3 1991.

[4] P.Hoang, K. Tomsovic “Design and Analysis an Adaptive Fuzzy Power System Stabilizer” IEEE Transaction on Energy
Conversion vol. 11 No. 2 June 1996.

[5] S. Ghodratollah Seifossadat, Morteza Razzaz, Mahmood Moghaddsian, Mehdi monadi. “Harmonic Estimation in
Power Systems using Adaptive Perceptrons Based a Genetic Algorithm” WSEAS Transaction on power systems,
volume 2, November 2007.

[6] Rigatos, G.; Siano, P. “Design of Robust Electric Power System Stabilizers using Kharitonov’s Theorem” Math.
Comput. Simul. 82(2011), No. 1, 181-191.

[7] ANDERSON P.M. and FOUAD A.A “Power System Control and Stability” Lowa state University press Ames, lowa,
1999.

[8] Parbha Kundur, “ power System Stability and control “ Mc Graw-Hill,(1994).

[91 Rupal V. Patel, H. A. Mehta and Axay Mehta “Novel Approach for Designing A Power System Stabilizer” National
Conference on Recent Trends in Engineering & Technology, May 2011.

[10] Hadi Saadat, “power system analysis “ 2-ed edition Mc Graw-Hill companies, (2004).

[11] Allen J. wood, and Bruce F. Wollenberg “Power generation operation and Control” 2-ed edition John Wiley &Sone, Inc
(1996).

[12] Kvasov D., Menniti D., Pinnarelli A., Sergeyev Y., Sorrentino N., Tuning fuzzy power-system stabilizers in multi-
machine systems by global optimization algorithms based on efficient domain partitions. Electr. Power Syst. Res., 78
(2008) No. 7, 1217-1229.

[13] Talaat H.E.A., Abdennour A., Al-Sulaiman A.A., Design and experimental investigation of a decentralized GA-
optimized neuro-fuzzy power system stabilizer. Int. J. Elect. Power Energy Syst., 32 (2010) No. 7, 751-759.

[14] Jan Jantzen , “ Design of Fuzzy Controllers “ Technical University of Denmark, technical report No.98-H871,(1998).

Issn 2250-3005(online) October| 2012 Page 32




