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Simultaneous Design and Simulation of Synergetic Power System
Stabilizers and a Thyristor-Controller Series Capacitor in Multi-
Machine Power Systems

Arman Fathollahi
PhD Student in Department of Engineering, Shahrekord University, Shahrekord, Iran
a.fattollahi @ yahoo.com

In this study, we used a non-linear power system stabilizer based on synergetic control theory and a
thyristor-controller series capacitor (TCSC) simultaneously in order to damp electromechanical oscillations
and overcome the problems of linear approximation in a non-linear system which limits system stability in a
neighborhood of equilibrium. The proposed synergetic combination of power system stabilizers is
completely based on a simplified non-linear model of the system. In order to examine the simultaneous effect
of these controllers, we investigated the simulation in single- and multi-machine power systems under
various contingencies. Simulation results indicated that the simultaneous performance of TCSC and the
synergetic power system stabilizer (SPSS) show a high capacity for damping oscillations and improving
stability as compared with SPSS and PSS tuned with genetic algorithm (GAPSS) in any non-linear dynamic
power system.

Index Terms: power system stabilizer tuned with genetic algorithm (GAPSS), synergetic power system
stabilizer (SPSS), thyristor-controller series capacitor (TCSC), stability, synergetic control.
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Fig. (1): Genetic algorithm flowchart
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Fig. (2): SMIB power system with a TCSC
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under three phase short circuit fault
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Table (1): The parameters utilized in the simulation of GAPSS,
SPSS, and TCSC for the SMIB power system
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Parameters
Kpss=49.9998, Tw=10s,
T,=0.0999s, T,=0.0100s, T3=0.
1000s, T4=0.0107s
UPss,Max=0- 15’ UPss,Min= -0.15
K1=0.1, (11=0.1
Uspssmax=1.5, Uspss.min= -1.5
KTCSC=90-41 11, TW4TCSC= 10s,
Tl,TCSC=O~30805’
T2,TCSC=0- 1000s,
T3ATCSC=0-3080597
T4.TCSC=0~ 1000s
Urcsemax=0.15, Urcsemin= -0.15
Kg=1, Ts=0.055s, Xrcsc =1
XTCSC,maxzo- 15, XTCSC,minZ'O- 15
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TCSC
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Table (3): The parameters utilized in the simulation of GAPSS,
SPSS, and TCSC for the nine-bus three-machine power system
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Parameters
KPSS=1 1.8531 . TW= IOS,
T,=0.9911s, T,=0.0501s,
T5=0.2700s, T,=0.0511s
UPss,Max=0- 15’ LTPSS,Min= -0.15
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Table (4): Numerical comparison of simulation results in three
machine nine bus power system
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Table (2): Numerical comparison of simulation results in a
single-machine power system connected to infinitive bus due to
three-phase short circuit fault
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Fig. (6): Nine-bus three-machine power system with TCSC
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Fig. (7): Simulation results of three-machine and nine-bus power system
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Table (6): Numerical comparison of simulation results in two

area four machine power system
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Table (5): The parameters utilized in the simulation of GAPSS,
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Fig. (8): Single-line diagram of the two-area four-machine power system with TCSC
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