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Abstract 
This paper work presents a comparative study to small signal stability 

enhancement using static VAR compensator (SVC) with PID 

damping controller and this optimal PID controller of static Var 

compensator is design using MATLAB’s SIMULINK. The purpose 

of using this software is that the utilization of MATLAB software 

simplifies problem solving complexity and also reduces working 

time. A proportional integral- derivative (PID) type controller has 

designed using the generator speed deviation, as a modulated signal 

to SVC, to generate the desired damping, is proposed in this work. 

The PID damping controller for SVC is used to improve the dynamic 

performance of power system by reducing the steady-state error and 

for fast settling and in this work I have also designed the PID 

controller using genetic algorithms for the SVC. 

Keywords: PID Controller, Genetic Algorithms, Static Var 

Compensator.  

1. Introduction  

To date under modern deregulated power market environment 

electric utility has become increasingly much more complex 

than the past. Apart from economic view point, stability 

problems are equally important to operate electric power 

system in real time [1]. The impedance of an electric power 

transmission system and a large amount of reactive power 

drawn by loads cause imperfection of power system operation, 

e.g. voltage drop, power losses, voltage/frequency swing, etc. 

Static var compensator (SVC) is one of FACTS (flexible AC 

transmission system) devices. It was first invented in the early 

1970s [2]. The main function of the SVC is to regulate bus 

voltage across a protected load due to reactive power loading. 

When load voltage variation is detected, an SVC controller 

will perform the compensation by changing its susceptance in 

order to diminish this oscillation. To handle any stability 

related problems accurate parameter estimation of  the SVC is 

concerned and also parameters of the SVC controller, for 

example PI or PID type [3].Although, from literature [3-8], 

there exist several research works describing procedure of 

designing  such a controller, those are based on numerical 

computing coded in some programming language such as 

FORTRAN or C/C++, in which user friendly GUI (graphic 

user interface) is rarely found. As the long history of 

numerical techniques for solving engineering design problems, 

it has become widely-used GUI software, named MATLAB™ 

[9]. MATLAB originated in the late 1970s as a “matrix 

laboratory” for use in matrix algebra and numerical 

computation. Today, MATLAB consists of several software 

features in order to enhance its computing ability. MATLAB’s 

SIMULINK is a tool for modeling, simulating, analyzing and 

designing multi-domain dynamic systems. It provides several 

interactive graphical block diagramming tools. With its 

capabilities, controller design of a dynamic system based on 

any modern intelligent techniques such as genetic algorithms 

(GAs) is available. Engineers can observe and evaluate their 

designed parameters by simulating its associated SIMULINK 

block diagram. Together with MATLAB’s GADS (genetic 

algorithms and direct search) TOOLBOX , the intelligent 

parameter design can be implemented in GUI environment. 

This paper illustrates the way to apply the GAs to solve an 

optimal PID controller design problem of the SVC in order to 

regulate voltage variation caused by power loading and fault 

conditions.  

 
2. Single Machine Infinite Bus System 

 Consider a single machine system as shown below:

 



International Journal of Engineering, Applied and Management Sciences Paradigms, Vol. 30, Issue 01 

Publishing Month: November 2015 

An Indexed and Referred Journal 

ISSN (Online): 2320-6608 

www.ijeam.com 

 

IJEAM 

www.ijeam.com 
16 

 

 

Figure 1: Single Machine Infinite Bus System 

 

In this model we have neglecting the damper winding both in 

the d and q axis. And the armature resistance is also neglected 

of the machine. The algebraic equations of the stator winding 

are: 

 

The complex terminal voltage can be expressed as 

 

From this equation 

 

By substituting equations we get, 

 

Where, 

 

By linearizing equations we get, 

 

Where,  

 

Now by linearizing and substituting these equations we get the 

final result as, 

 

Rotor mechanical equations of the system are: 

 

The electrical torque Te is expressed in terms of variables E'd, 

E' q, id and iq as: 

 

Substituting equations we can express ∆Te as 
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Linearizing equations and applying Laplace transform, we get 

 

 

 

3. Computation of Heffron-Phillips Constants for 

Lossless Network 

 
For Re=0, the expressions for the constants K1to K6are 

simplified. As the armature resistance is already neglected, 

this refers to a lossless network on the stator side. The 

expressions are given below.  

 

 
 

It is not difficult to see that for xe> 0, the constants K 1, K2, K3, 

K4and K6are positive. This is because 60 is generally less than 

900 and iqo is positive. K3 is independent of the operating point 

and less than unity (as x~ <xd). Note that xe is generally 

positive unless the generator is feeding a large capacitive load 

(which is not realistic).It is to be noted that Heffron-Phillips 

constants can also be defined for any general network 

connected between the generator and the infinite bus.  

 

4.  Configuration of SVC 

SVC provides an excellent source of rapidly controllable 

reactive shunt compensation for dynamic voltage control 

through its utilization of high-speed thyristor switching 

controlled devices. A SVC is typically made up of coupling 

transformer, thyristor valves, reactors, capacitance (often 

tuned for harmonic filtering). 

 

 

Figure 2: Configuration of SVC Controller 

The main advantage of SVCs over simple mechanically 

switched compensation schemes is their near-instantaneous 

response to change in the system voltage). The features are: 

1) Improved system steady-state stability. 

2) Improved system transient stability. 

3) Better load division on parallel circuits. 

4) Reduced voltage drops in load areas during severe 

disturbances. 

5) Reduced transmission losses. 

6) Better adjustment of line loadings. 

7) Damping of rotor oscillations. 

5. Linearized Control of Static Var Compensator 

SVC is a typical shunt connected reactive power compensator, 

consisting of thyristor –switched capacitors(TSCs) and 

thyristors-controlled reactors (TCRS) as shown in fig.3. For 

simplification power system oscillation stability and control 
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can be studied by using linearized power system models. Fig 1 

shows a single machine connected to an infinite bus power 

system(SMIB System). It can be described according to non 

linear differential equations from which traditional Phillips 

Heffron linear model as shown in fig. for the system of SVC. 

Figure 3: Single Machine Infinite Bus System with SVC Controller 

6. Basic Stability Dynamic Model of SVC 

We have used the basic model of SVC as shown in fig.4. This basic model consists of a measurement block, voltage regulator block, 

which estimates the susceptance value from measurement block, which measure the current from SVC controller.  

 

 

Figure 4:  Dynamic Model of Static Var Compensator 

7. SVC Controller with PID Damping Controller 

  
One of the most common controllers available commercially is the proportional integral derivative (PID) controller. The SVC with 

additional PID controller is shown in fig. 
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Figure 5: SVC with Additional PID Damping Controller 

In this paper we have used Unified Philips Heffron model with 

its constant from K1 to K6. This model represents the single 

machine infinite bus system [3]. The PID damping controlled 

SVC is developed as shown in Fig. SVC with PID damping 

controller is used to improve the dynamic response as well as 

to reduce or eliminate the steady-state error. The simulations 

are carried out for different cases with PID damping controlled 

SVC placed on the terminal bus [6]. 

 

Figure 6:  Phillips Heffron Model of SMIB System with PID Damping Controlled SVC Controller 
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8. Genetic Algorithm 

A genetic algorithm (or GA) is a search technique used in 

computing to find true or approximate solutions to 

optimization and search problems. Genetic algorithms are a 

particular class of evolutionary algorithms that use techniques 

inspired by evolutionary biology such as inheritance, mutation, 

selection, and crossover (also called recombination).Genetic 

algorithms are implemented as a computer simulation in which 

population of abstract representations (called chromosomes or 

the genotype or the genome) of candidate solutions (called 

individuals, creatures, or phenotypes) to an optimization 

problem evolves toward better solutions. Traditionally, 

solutions are represented in binary as strings of 0s and 1s, but 

other encodings are also possible. The evolution usually starts 

from a population of randomly generated individuals and 

happens in generations. In each generation, the fitness of every 

individual in the population is evaluated, multiple individuals 

are selected from the current population (based on their 

fitness), and modified (recombined and possibly mutated) to 

form a new population [7-8]. 

Flow chart of GA procedure: 

 

Figure 7: Flow Chart for Genetic Algorithm 

In this paper the GAs is selected to build up an algorithm to 

tune Kp , Ki and Kd parameters. The procedure to perform the 

proposed parameter tuning is described as follows. First, time 

domain results of frequency swing and magnitude obtained by 

simulating the SMIB system in SIMULINK are obtained. 

Second, the Genetic Algorithm is employed to generate a set 

of initial random parameters. With the searching process, the 

parameters are adjusted to give the response best fitting close 

to desired results. To perform the searching properly, its 

objective function is the key.   

Objective Function: 

It is worth mentioning that the SVC controller is designed to 

minimize the power system oscillations after a disturbance so 

as to improve the stability. These oscillations are reflected in 

the deviations in the generator rotor speed(Δω). In the present 

study the objective function J is formulated as the 

minimization of: 

 

 
 

In the above equations, Δω (t, X) denotes the rotor speed 

deviation for a set of controller parameters X (note that here X 

represents the parameters to be optimized; Kp , Ki, Kd ;the 

parameters of PID controller, which is used to control the SVC  

controller parameters), and t1is the time range of the 

simulation. With the variation of the parameters X, the Δω (t, 
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X) will also be changed. For objective function calculation, the 

time-domain simulation of the power system model is carried 

out for the simulation period. It is aimed to minimize this 

objective function in order to improve the system response in 

terms of the settling time and overshoots. 

 

9.  Simulation Results 

In this paper we have taken a single machine infinite power 

system model using Phillips Heffron model coefficients, and 

we have checked the small signal stability by giving small 

disturbance as ∆Tm = 0.1 p.u. and data for the system is taken 

from [6]. And we have shown the three cases as following: 

 

1. Simulation result without svc controller. 

2. Simulation result with SVC controlled with PID 

damping controller and without GA. 

3. Simulation result with SVC controlled with PID 

damping controller with GA. In this we have find out 

the parameters of PID damping controller from GA 

technology. 

 

Figure 8:  Simulation Results of Rotor Angle Oscillation 

Appendix 

Nomenclature: 

K1 = Change in Electrical Power for a change in rotor angle 

with constant flux linkage. 

K2 = Change in Electrical Power for a change in the direct axis 

flux linkage with constant rotor angle. 

T’do = Direct axis open circuit time constant of the machine. 

K3 = An Impedance factor,  

K4 = Demagnetizing effect of a change in rotor angle (At 

steady state). 

KE = Exciter Gain, TE = Exciter Time constant. 

ΔVt = Change in Synchronous machine terminal Voltage. 

K5 = ΔVt/Δδ = Change in the terminal Voltage with change in 

rotor angle for constant ΔE’q. 

K6 =ΔVt/ΔE’q =Change in the terminal voltage with change in 

E’ for constant δ. 
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Data for the above nomenclature:  

Table 1 

 

K1 K2 K3 K4 K5 K6 T’do ΔVref fB H 

0.9346 1.0198 0.36 1.3053 0.0500 0.4511 6.0 secs 0.0 60Hz 5.0 

KE TE ΔTm Ω       

200 0.05sec. 0.1 2*pi*60       

 

 

Data for basic SVC stability model: 

KR = Voltage regulator Gain = 80 

TR = Voltage regulator time constant = 0.025 seconds. 

Td = Thyristor susceptance control firing angle delay = 0.0371 

seconds. 

Tb = Thyristor susceptance control time constant = 0.0375 

seconds. 

Zth = The thevinins impedance = 0.02 p.u. 

Tm = the measurement block time constant = 0.000795 

seconds. 

 

Data for PID controller: 

Table 2 

S. No. Parameters PID controller with tuned 

parameters 

PID controller with GA 

(Genetic Algorithm) 

1.  KP 0.1 0.87625 

   2. Ki 0.01 0.04063 

   3. Kd 0.03 0.0775 

 

 

GA’s Parameters setting: 

Population size 10 

Crossover length  12 

Mutation probability 0.005 

Crossover probability 0.85 

Elitism probability 0.1 
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