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ABSTRACT 
Static var compensator (SVC) as the shunt reactive power compensator plays a major role in enhancing the transient 

stability, minimizing low frequency oscillations, etc . The present paper investigate and improves the damping of 

oscillations of a single machine connected to infinite bus by the presence of SVC in line. By simulating the suggested 

system with using simulink Matlab and  applying an fault  to the system ,First, we are going to examine  the simulated 

power system by using  proportional , integral and derivative (PID) controllers, then instead of  PID, fuzzy logic 

controller (FLC) is used which is designed for SVC ,and consequently the results of computer simulation will extract. 

The study of results is observed that the fuzzy controller has a better performance on improving the oscillations 

damping than PID controller. 
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1. INTRODUCTION 

power system Stability is the ability of an electric 

power system  for a given initial operating condition to 

regain a state of operating equilibrium after being 

subjected to a physical disturbance. Power Systems 

Transient Stability analysis is considered with Large 

disturbances like sudden changes in load, generation or  

transmission system form  or due to fault or switching 

[1]. Dynamic voltage fortification and reactive power 

compensation are an important measure for improving 

transient stability of the system. Flexible AC  

Transmission Systems (FACTS)  devices with a 

Suitable controllers are designed to increase the 

stability of the system [2, 3]. Movement  of  shunt  

FACTS devices play an important role in reactive 

power flow in power network. In large power system, 

low frequency electrical oscillations often follow 

electrical disturbances. Generally, power system 

stabilizer (PSS) constantly is used with automatic 

voltage regulator (AVR) to damp out the oscillations. 

However, during the operating conditions, in some 

cases, these devices do not produce appropriate 

damping and effective Changes in increasing stabilizer 

of power system (PSS), which is needed [4]. In other 

words, to achieve oscillations damping, shunt FACTS 

devices  to Static var compensator (SVC) which are 

designed with auxiliary controllers are used [5]. So 

SVC is more effective when it is adjusted by 

complemented controller, and by adjusting equivalent 

shunt capacitance, SVC can damp out the oscillations 

and improve the general stability of the system [6,7]. 

Various methods for the design of the SVC 

supplementary controllers are available. In [8] a 

Proportional – integral – Derivative (PID) was used in 

SVC. It was the genies of the improvement of the 

system damping which is acquired by PID on the basis 

of SVC. Although PID controllers are easy to design, 

but their efficiency in system operating conditions 

when most of the time oscillations and disturbances 

occur frequently is worse. Fuzzy logic control approach 

is a tool for solving complex behavioral system 

problems which has complex external existence. An 

interesting feature of fuzzy logic control is its power in 

switching the operating conditions and parameters of 

the system. Fuzzy logic controllers are capable of 

uncertain and wrong things to bear a larger space [9]. 

this paper presents, a method based on Fuzzy logic 

controller for SVC controller that damp out the 

oscillations at a faster rate. input signals such as 

machine speed (ω) and electric power (Pe) are fuzzy 

controller inputs. Simulation results for a single 

machine connected to infinite bus system are presented 

and discussed. At the end, comparisons were done 

between PID and Fuzzy Logic controller. 
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2. MODELING AND CONTROL OF SVC  

Static Var Compensator is basically a shunt connected 

of variable reactive generator that its output is set based 

on the capacitive changes and the inductive current 

system. One of the frequently used form of SVC is FC-

TCR type in a way that a fixed capacitor is connected 

in parallel with Thyristor controlled reactor (TCR). 

Admittance magnitude of inductive SVC (BL(α)) is the 

Function of firing angle α, and it is as follows: 
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SVC and QL is  MVA rating of reactor. When SVC 

uses fixed capacitor and variable reactor combination 

(FC-TCR) then its efficient shunt  admittance is: 

 

  

)(
1

L
C

S B
X

B 

         

                                        (2) 

 

Here Xc is the capacitor reactance.  

In Figure 1, SVC is shown with the fire control system, 

Due to the simplicity by a first order model 

characterized by a gain KSVC and t1  ، t2 are considered as 

time constants. Controller sends the fire control signal 

to the thyristor switching to improve the equal 

capacitance in SVC. The Fuzzy controller provides a 

auxiliary controller, that addition with the voltage 

feedback loop. In order to improve the overall dynamic 

system, in SVC auxiliary control loop, the stabilizing 

signal, such as speed, frequency, the phase angle 

differences, etc are used. 

 

                                                                     
Fig .1: Construction of a SVC Control 

 

3. OVERVIEW OF FUZZY LOGIC  
Fuzzy set theory provides a precise ability to express 

uncertainty in the estimation error of the available data 

or unknown behaviour of the system. It can express 

human control methods and experimental knowledge to 

adjusting the parameters of the controller. 

 

 

3.1. Fuzzy set 

A fuzzy set is a set of elements with a certain degree of 

relationships and the capacity. If we consider X as a set 

of x elements, Then the A fuzzy set is defined in X as 

ordered pairs: 

 

XxxxA A  ))(,{(                                           (3) 

 

μA (x) is called as a membership function of X in A. 

This membership function maps each member of X 

belongs to A with a degree of membership which is a 

value between 0 and 1. A large amount of μA (x) 

indicates that it is likely that X is in A. 

 

3.2. Fuzzy if-then rules 

In Fuzzy models that reflect one's knowledge, Input 

feature and Output row by fuzzy If– Then rules are like 

below: 

 

BisYthenAisXifR j                                     (4) 

 

A and B values are defined by fuzzy sets on the sets Y 

and X. "X is A " is often known as the primary or 

assumption and "Y is B" as the result. Fuzzy rules can 

be created by a skilled person, expert, engineer or 

designer or nonlinear Simulation. 

 

3.3. Fuzzy Inference System 

Fuzzy Inference System is a process, in which the 

mapping from inputs to outputs will be legitimized  

from inputs to outputs by using Fuzzy Logic, and the 

concept consists of three parts. The first part is rules, 

which are the selection of fuzzy rules. The second part 

is the database. The membership functions used in the 

fuzzy rules are defined in this part. The third part is 

related to inference mechanism thereby inference 

procedure is done by inference rules and facts to 

achieve a reasonable output. 

 

3.4. Defuzzification 

The output of each system based on fuzzy rules is often 

imprecise and fuzzy. This fuzzy result is converted to a 

numeric value. This method is called Defuzzification . 

There are several methods such as Centroid method, 

the maximum mean, the smallest maximum, etc which 

are used for this purpose. 

 

4.  FUZZY CONTROLLER  

The Fuzzy Controller which is considered in this paper 

is the Mamdany type of the two input signals and one 

output signal which can be seen in the block diagram in 

Figure 2. 
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Fig. 2. Block diagram of a fuzzy logic controller 

 

For Fuzzy controller design, in the first phase, the input 

signals must be fuzzed to Fuzzy controller, which 

contains the generator speed deviation (Δω) and 

electric power changes (Δp). Fuzzy modelling is taking 

the actual value to a fuzzy value, but before entering 

this phase the input signals must have been measured 

by the multiplied factors.  Then these two measured 

signals are going to be fuzzed to the two fuzzy 

variables that are known as linguistic terms.  

For each of the input variables we have defined 5 

linguistic terms which are: NB (large negative) NS 

(Small negative) Z(zero) PB(Large positive) and PS 

(small positive), which are shown in Figures 3 and 4. In 

second phase we should obtain a set of fuzzy relations 

based on these linguistic terms have been used for 

fuzzy rules. These rules are designed based on personal 

knowledge and experience. In this paper, two inputs, 5 

linguistic terms, 25 rules are explained and shown in 

Table1. If we want to explain the first law based on 

table 1: 

 

R1) if Δω is NB and Δp is NB then Bsvc NB 

 

Fig .3. Membership functions of inputs 

 

                                                                                             
Fig .4. Output membership functions 

 

Table 1: Fuzzy rules 

W ∆ 
 

O/P 

PB PS ZE NS NB Signal 

ZE NS NB NS NB NB 

 

∆P 

 

 

 

PS ZE ZE NB NS NS 

PS PS ZE ZE NS ZE 

PS PS PS ZE ZE PS 

PB PS PS PS ZE PB 

 

In third phase, all rules are compared with the input and 

determined which rule should be applied to the current 

situation. Just after processing, the desired conditions 

are selected. However, the output of the fuzzy 

controller is in the number form in the system, the 

output is fuzzy and unclear for the system. So it should 

be defuzzification. In this paper the centroid method is 

used, and Output is calculated according to the 

equation (5). Here bi is the centre of membership 

functions and μi is  of the fuzzy system. 
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5. STUDY OF PRESENT POWER SYSTEM  

Figure 5, shows a single machine connected to infinite 

bus with intended SVC in the present paper. 

Synchronous generator deliver and transfers power to 

an infinite bus using two transmission lines, which are 

located parallel to each other. In Figure 5 Vt and Eb, 

bus terminal and infinite bus voltage, and Xt, X1 and X2 

are reactance transformer and transmission line, 

respectively. 

 

Eb
Vt

SVC

jX1

jX2

jXt

Genarator

Infinite- bus 

                                                                                            
Fig .5. A single machine connected to infinite bus 

power system with SVC 
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5.1. Modelling synchronous generator connected to 

infinite bus power system 

Synchronous generators presented in this paper are the 

model (1.1). A field is placed on the axis q with the 

Field circuit, and then machine equations are as follows 

[10]. And all the relationships abbreviations which are 

presented in this paper listed in Appendix B. 
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 The electric torque is expressed as: 

dqd
'
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  For a network without network losses and stator 

algebraic equations are as follows: 
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And excitation system can be expressed as follows: 

  fdTrefA
A
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6.  THE SIMULATION RESULTS  

According to Figure 5 which is stimulated in simulink 

Matlab environment and its parameter values are 

presented in Appendix A. First of all, a severe 

disturbance of the permanent cessation of a line parallel 

lines at time t=1s is done. And system response without 

svc (N.C) will be oscillatory and unstable. When SVC 

with PID controller (PID.S.C) is in the same state of 

confusion, damping is better, but still there are 

oscillations. With the use of fuzzy logic controller 

instead of PID controller in SVC, is observed that 

output oscillations are completely undermined and the 

system returns to its steady-state. The results are visible 

in the figures (6-12). 

 

 
Fig .6. The power angle in the case of a line outage 

 
Fig 7. The Variation of speed deviation  in the case of a 

line outage 
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Fig .8. Variation of electrical powe in the case of a line 

outage 

 

 
Fig. 9. Variation of voltage E’d  in the case of a line 

outage 

 
Fig . 10. Variation of current Id f in the case of a line 

outage 

 
Fig. 11. Variation of current Iq in the case of a line 

outage 

 
Fig. 12.Variation of Bsvc in the case of a line outage 

 

 

7.  CONCLUSION 

Since FACTS devices with controllers have a 

significant effect on damping of power system 

oscillations. So in this paper SVC based on the 

damping mechanism controller FLC has been proposed 

for oscillation damping oscillations in the single-

machine power system with fault event, and Compared 

with PID controller performance. The presented 

Simulation results stabilize the performance of the 

proposed controller. This indicates that the damping 

control improves power system. 
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A: values and system parameters 

Synchronous Generator: 

:H=3.542, Kd =0, Xd=1.7572, Xq=1.584 , X’d=.4245,  

x’q=1.04, T’d0=6.66,T’q0=.44 , F=60   

Exciter data: 

 Ka=400, Ta=.025 

Transmission lines and transformers:  

Xl1=Xl2=.40625, Xt=13.64    R=0, 

Svc controller:  

KSVC=100، T1 =0.01، T2 = 0.05، BSVC= ±1.5 

 

B: List of Symbols and Abbreviations 
δ - synchronous generator rotor. 

ω – rotor speed. 

Sm – Slip generator  

Sm0- primary slip  

H- Inertia constant. 

D- damping coefficient. 

Pm- mechanical power  

Pe- electrical power. 

Efd - excited voltage  

Xd and Xq- d axis and q-axis synchronous reactance  

Vd and Vq- d axis and q-axis voltages  

X’d and X’q- d axis and q-axis an  transient reactance 

 


