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ABSTRACT  

Transient stability is the capability of power system to remain in synchronism when subjected to sever and 

sudden large disturbances. Flexible Alternating Current Transmission System (FACTS) controllers are now a 

day’s widely used for controlling power flow along transmission lines and to improve power system stability. In 

this paper a step by step procedure for modeling/simulation and optimally tuning the controller parameters of a 

Static Synchronous Compensator (STATCOM) in a single machine infinite bus as well as multi machine power 

system, for strengthening power system stability is presented. Modeling of single machine infinite bus and multi-

machine system installed with static synchronous compensator (STATCOM) is developed in Matlab Simulink. 

Design problem is formulated as an optimization problem with a time domain simulation based objective 

function and Genetic Algorithm is employed to search for optimal values of controller parameters. The 

proposed method is tested on a weakly connected power system with different disturbances for both single 

machine infinite bus and multi machine power system.  

KEYWORDS : Flexible AC Transmission System (FACTS), Static Synchronous Compensator (STATCOM), 

SMIB System, Multi Machine Power System, Genetic Algorithm (GA) 

 

1. INTRODUCTION 

 Transient stability is the most important aspect from the viewpoint of maintaining the stability 

and security of the power system. In other words, because synchronization between power stations is 

lost and cascade stops leading to system power failure, it is necessary to prevent the generator unit 

from triping even if a serious failure or failure occurs in the system. Recent studies have revealed that 

FACTS controllers can also be used to increase the stability of power systems, apart from the main 

function of providing power flow control [1][2]. Flexible AC Transmission System (FACTS) is 

defined as „To improve controllability, stability of power system, and improve power transmission 

capacity, AC power transmission system incorporating power electronics base and other static 

controllers [3] by control of one or more ac transmission system parameters such as voltage, phase 

angle and impedance. 

FACTS Controllers can be classified as (i) variable impedance type controllers and (ii) 

voltage source converter based controllers.  Thyristor switches are connected in series or in shunt 

along with reactors or capacitors to form variable impedance type thyristor based FACTS Controllers. 

Such controllers are employed to control the reactive power in the system. Static VAR Compensator, 

Thyristor - Controlled Series Capacitor, Thyristor-Switched Series Capacitor, Thyristor-Controlled 

Phase Shifting Transformer, are some examples of such FACTS Controllers. A Voltage Sourced 

Converter is a three phase converter bridge. When a VSC is interfaced to a transmission system, it can 

vary the magnitude and phase angle of its output voltage with respect to the system voltage, thus 

exchange active and reactive power with the transmission system. Static Synchronous Compensator 

(STATCOM), Static Synchronous Series Compensator (SSSC), Unified Power Flow Controller 
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(UPFC), Interline Power Flow Controller (IPFC) are the well-known VSC based FACTS 

Controllers[4]. 

             STATCOM is based on a voltage-sourced converter and a current-sourced converter. From 

the cost point of view, the voltage-sourced converters are preferred, and will be the basis for 

presentations of most converter-based FACTS Controllers. STATCOM can be designed as an active 

filter to absorb system harmonics. A static synchronous generator is a combination of STATCOM and 

an energy source for supplying or absorbing power. Shunt FACT device STATCOM plays an 

important role in controlling reactive power to realize voltage support and stability improvement [5]. 

FACTS controller parameter tuning is a complex exercise as uncoordinated local control of 

FACTS devices may cause destabilising interactions. Various traditional techniques have been 

reported in the literature pertaining to design problems. Conventional techniques are time consuming 

and require large computational loads and slow convergence. In addition, the search process may be 

confined to a local minimum and the resulting solution may not be optimal. The genetic algorithm 

(GA) emerges as a promising evolutionary technique for handling an optimal solution primarily due 

to the robustness in finding the optimal solution and the ability to provide a solution close to the 

global minimum. That is why GA has adopted a search procedure based on the mechanism of natural 

selection and survival of the fittest [6]. Using multiple points instead of single point search, GAs that 

require only the objective function make it possible to search global optimal solutions. Therefore, in 

current work genetic algorithm is used to adjust the parameters of the STATCOM controller.  

2. OVERVIEW OF STATCOM AND ITS CONTROL SYSTEM 

Static synchronous compensator is a shunt compensator of the Flexible AC Transmission 

System (FACTS) family using power electronics equipment to control power flow and improve 

transient stability. STATCOM adjusts its terminal voltage by controlling the amount of reactive 

power that is input or absorbed into the power system. If the bus voltage is low, STATCOM generates 

reactive power. When bus voltage is high, reactive power is absorbed. The reactive power change is 

done by a voltage supply type converter (VSC) connected to the secondary side of the coupling 

transformer. The voltage source converter uses a forced commutated power electronic device such as 

GTO, IGBT or the like to combine the voltage V2 from the DC voltage source. 

 

                       

 

Fig.1 Single line diagram of static synchronous compensator and its control system circuitry. 
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The control system consists of [7]: 

(i) A phase-locked loop which synchronizes on the positive-sequence component of the three-

phase primary voltage V1. The PLL output is used to compute the direct-axis and quadrature-

axis components of the AC three-phase voltage and currents (labeled as Vd, Vq or Id, Iq on the 

diagram). 

(ii) Measurement systems measuring the d and q components of AC positive-sequence voltage 

and currents to be controlled as well as the DC voltage Vdc. 

(iii) An outer regulation loop consisting of an AC voltage regulator and a DC voltage regulator. 

The output of the AC voltage regulator is the reference current Iqref for the current regulator (Iq 

= current in quadrature with voltage which controls reactive power flow). The output of the 

DC voltage regulator is the reference current Idref for the current regulator (Id = current in 

phase with voltage which controls active power flow). 

(iv) An inner current regulation loop consisting of a current regulator. The current regulator 

controls the magnitude and phase of the voltage generated by the PWM converter (V2dV2q) 

from the Idref and Iqref reference currents produced respectively by the DC voltage regulator 

and the AC voltage regulator. The current regulator is assisted by a feed forward type 

regulator which predicts the V2 voltage output (V2dV2q) from the V1 measurement (V1d V1q) 

and the transformer leakage reactance. 

 

3. OVERVIEW OF GENETIC ALGORITHM 

GA has been used for optimizing the parameters of the control system that are complex and 

difficult to solve by conventional optimisation methods. GA maintains a set of solutions at a particular 

time called population and repeatedly modifies them. At each step, the GA selects set of individuals 

from the current population as parents and uses them to produce the children for the next generation. 

Solutions are usually represented as strings of fixed length, called chromosomes. An objective 

function is used to reflect the goodness of each member of the population [6] [8] [9]. The flow chart 

of optimization algorithm is shown in Fig.2 Given a random initial population, Genetic 

algorithmoperates in cycles called generations, as follows [10]: 

 

I. Each member of the population is evaluated using a fitness function. 

II. The population undergoes reproduction in a number of iterations or generations. One or more 

parents are chosen randomly, but strings with higher fitness values have higher probability of 

contributing an offspring. 

III. Genetic operators, such as crossover and mutation are applied to parents to produce offspring. 

IV. The offspring are inserted into the population and the process is repeated. 
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Fig.2 Flowchart of the genetic algorithm 

 

4. PROBLEM FORMULATION 

Tuning is done through minimising both AC voltage regulator and current regulator errors. In 

this an integral square error of voltage and current is taken as objective function. 

                                        

Where e(t) is error voltage or currentand tsim is the simulation time. 

For objective function calculation, time-domain simulation is carried for simulation time. It is aimed 

to minimize objective function in order to improve system response in terms of time taken to attain 

stability and overshoots. Constraints in this problem are STATCOM controller parameter bounds. 

Therefor tuning problem can be formulated as the following optimisation problem. 

Minimise J (2) 

Subject to 

(Kp_Vac_SH) min ≤ (Kp_Vac_SH) ≤ (Kp_Vac_SH)max 

(Ki_Vac_SH) min ≤ (Ki_Vac_SH) ≤ (Ki_Vac_SH) max 

(Kp_I) min ≤ (Kp_I) ≤ (Kp_I) max 

(Ki_I) min ≤ (Ki_I) ≤ (Ki_I) max (3) 

where 

Kp_Vac_SH is the proportional gain of AC voltage regulator. 

Ki_Vac_SH is the integral gain of AC voltage regulator. 

Kp_I is the proportional gain of current regulator. 

Ki_I is the proportional gain of current regulator. 
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5. MODELING OF SINGLE MACHINE INFINITE BUS INSTALLED WITH 

STATCOM 

Single Machine Infinite Bus (SMIB) system is the simplest and most widely used one in which 

a single generator is connected to a very large system through transmission lines, single line diagram 

of SMIB system is shown in Fig 3. Where for PWM inverter, c = mk and k is the ratio between AC 

and DC voltage, depending on the inverter structure; m is the modulation ratio defined by PWM; and 

the phase ψ is define by the PWM. The SMIB system considered here as in [11] consists of a 

synchronous generator of 200 MVA rating, a step up three-phase transformer which is used to step up 

the voltage level from 13.8kV to 230 kV and a distributed parameter transmission line of length 200 

km. The system nominal voltage is 230 kV and frequency is 60 Hz. The infinite bus is represented by 

a 10000 MVA, 230 kV RL Source. In order to control Pm and Vf of the synchronous generator, a 

subsystem Turbine and Regulators system is created. Turbine and regulator system consists of 

hydraulic turbine, governor (HTG) and excitation system, HTG is composed of nonlinear hydraulic 

turbine model, PID governor system, servo motor, excitation system is composed of voltage regulator 

and DC exciter. Saturation function The machine signal subsystem is created to evaluate system 

performance. A 100 MVA STATCOM incorporated in the system at the midpoint of the line.  

 

 
 

Fig. 3 Single line diagram of SMIB system 

It has been considered that a three-phase fault has occurred at theend of the transmission line 

or at the receiving end of the system. A fault is created in the power system using the 3 phase fault 

block available in the Simulink library. As soon as a failure occurs, the system will start oscillating 

based on the severity of the failure. At this point, STATCOM injects a specific value of reactive 

power into the transmission line in order to return the system to a stable state. The Powergui block is 

required for simulation of Simulink model including Simpowersystems blocks. It provides a 

convenient graphical user interface (GUI) tool for analysis of Simpowersystems models. This library 

contains a Powergui block that opens a GUI for stationary analysis of electrical circuits. Perform the 

load flow to initialize the three phase network including the three - phase machine so that the 

simulation starts at steady state.  

When a three-phase to ground fault is initiated at 3.1sec with Fault clearing time (FCT) of 

0.24 seconds has occurred at the end of the transmission line or at the receiving end of the system. As 

soon as the fault takes place in the system, the system starts oscillating and system becomes unstable. 

In order to bring back the system stability, a 100 MVA STATCOM is incorporated in the power 

system at the middle of the line.STATCOM at this particular point of time injects appropriate value of 

reactive power into the transmission line. Fig. 4 shows the variation of rotor-angle (dtheta) with time 
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of a SMIB system with/without STATCOM. From the Fig. 4 it is clear that system becomes stable 

when STATCOM is incorporated in the power system. Under steady state conditions, there is 

equilibrium between the input mechanical torque and the output electrical torque of the machine, and 

the speed remains constant. If the system is perturbed this equilibrium is upset resulting in 

acceleration or deceleration of the rotors of mechanics. Stability is a condition of equilibrium between 

opposing forces. The mechanism by which interconnected synchronous machines maintain 

synchronism with one another is through restoring forces, which act whenever there are forces tending 

to accelerate or decelerate one or more machine with respect to other machines [12]. 

 

 
 

 

Fig. 4 Variation of rotor-angle with time for the SMIB system incorporated with/without STATCOM 

when a three phase to ground with FCT=0.24 seconds initiated at 3
rd

 second. 

 

6. MODELLING OF MULTI MACHINE POWER SYSTEM INSTALLED WITH 

STATIC SYNCHRONOUS COMPENSATOR (STATCOM) 

Single line diagram of WSCC 3-machines, 9-bus system [9] [13] is shown in Fig 5, with the 

specifications given in Table 6.1, 6.2. This multi machine power system consists of three synchronous 

generators, three transformers (step-up three-phase), interconnected by transmission lines of length 

200km each. The transmission lines are distributed and loads are connected at the midpoints. Turbine 

and Regulators subsystems have been developed to control the Pm and Vf of each of the generators 

G1, G2 and G3. The system nominal voltage and frequency is 230 kV and 60 Hz respectively. 

Various power system component blocks such as three phase transformers, loads transmission lines, 

synchronouse machines which are available in SIMULINK and SimPowerSystems libraries are used 

to develop the entire model for transient stability study of the multi-machine power system. Machine 

signal subsystem is created for assessing the relative rotor angle deviation. 

 

0 2 4 6 8 10 12 14 16 18 20
-200

0

200

400

600

800

1000

1200

Simulation Time (seconds)

R
o

t
o

r
 A

n
g

le
 D

e
v

ia
t
io

n
 (

in
 D

e
g

r
e

e
s

)

'Rotor angle (dtheta in degree) vs time (seconds)'

 

 

Without STATCOM

With STATCOM



International Journal of Advanced Electrical Technology and Research 

 Vol.(1), Issue (1), 2019 

69 
 

 

 

                               
 

 

Fig. 5 WSCC 3-Machines 9-Bus System 

 

 

Table 6.1 Generator-Data 
 

Specifications Generator 1 Generator 2 Generator 3 

Rated MVA 247.5 192 128 

kV 16.5 18 13.8 

H(s) 23.64 6.4 3.01 

Power factor 1 0.85 0.85 

Xd 0.1460 0.8958 1.3125 

X
'
d 0.0608 0.1198 0.1813 

Xq 0.0969 0.8645 1.2578 

X
'
q 0.0969 0.1961 0.25 

Xl (leakage) 0.0336 0.0521 0.0742 

Tdo 8.96 6.00 5.89 

T
'
qo 0 0.535 0.600 

Stored energy 

at rated speed 

2364 MWs 640 MWs 301 MWs 

 
 

Table 6.2 Line Parameter 

Line Resistance(p.u.) Reactance(p.u.) Suceptance(p.u.) 

1-4 0.0000 0.0576 0.0000 

4-5 0.0170 0.0920 0.1550 

5-6 0.0390 0.0920 0.3580 

3-6 0.0000 0.0586 0.0000 

6-7 0.0119 0.1008 0.2090 

7-8 0.0085 0.0720 0.1490 

8-2 0.0000 0.0625 0.0000 

8-9 0.0320 0.1610 0.3060 

9-4 0.0100 0.0850 0.1760 
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Simulation behavior shows power system become stable within 7 seconds after initial starting 

oscillation.When a three-phase to ground fault occur at Bus 8 (B8). The fault is initiated at 7
th
 seconds 

and the fault clearing time has been assumed to be 0.0325 second. As soon as fault is initiated system 

starts oscillating and attains the stability at 23.5 simulation time.Variation of relative angular positions 

dtheta1-2, dtheta 2-3 and dtheta 3-1 with time, after the fault occurred is shown in Fig. 6.Relative 

angular positions dtheta 1- 2, dtheta 2-3, dtheta 3-1 are difference in rotor angle of generators G1and 

G2, difference in rotor angle of generators G2 and G3, difference in rotor angle of generators G3 and 

G1 respectively.In order to find out critical clearing time (CCT) in this case fault clearing time of fault 

breaker gradually increased till machine losses synchronism or system becomes unstable.Critical 

clearing time in this case is 0.0427seconds. 

 

 
 

 

Fig. 6 Variation of relative angular positions dtheta1-2, dtheta 2-3 and dtheta 3-1 with time when a 

Fault Occurs and STATCOM is not Implemented 

 

 

In order to keep the rotor angular oscillations produced by three phase faultwithin limit, a 100 

MVA STATCOM is incorporated at bus 9 of multi machine system.STATCOM at this particular 

point of time injects appropriate value of reactive power into the transmission line. Fig.7 shows 

variation of relative angular positions dtheta1-2, dtheta 2-3 and dtheta 3-1 with time when STATCOM 

is implemented in the power system. It is observed from Fig. 7 that the time taken to attain stability 

improves with STATCOM inserted in the system. In order to find-out critical clearing time (CCT) 

when STATCOM incorporated in the system fault clearing time of fault breaker gradually increased 
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till machine losses synchronism or system becomes unstable. Critical clearing time in this case is 

increased from 0.0427seconds to 0.519 seconds. 

 

 

Fig.7 Variation of relative angular positions dtheta1-2, dtheta 2-3 and dtheta 3-1 with time when a fault occurs 

and STATCOM is implemented 

 

7. APPLICATION OF GA OPTIMIZATION TECHNIQUE IN MATLAB 

SIMULINK 

Genetic algorithm optimization is adopted for the purpose of optimizing the objective 

function described in Equation 1 of section 4.0. Regular geometric selection, which is a ranking 

selection function based on the normalized geometric distribution, is adopted in the implementation of 

GA. Arithmetic intersection takes two parents and performs interpolation along the line formed by the 

two parents. A non uniform mutation changes one of its parent's parameters based on a nonuniform 

probability distribution. Gaussian distribution starts wide and narrows to a point distribution as the 

current generation approaches the maximum [6]. 

The model of the system whose parameter is to be optimized, has been developed using 

SimPowerSystem Toolbox in MATLAB SIMULINK environment. While the objective function and 

main program for optimisation has been written in editor file or .m file. For objective function 

calculation, the developed model is simulated in a separate programme by calling Simulink model file 

(.slx file) in editor file (.m file) considering a three phase to ground fault. Form the SIMULINK model 

the objective function value is evaluated and moved to workspace. The process is repeated for each 

individual in the population. For objective function calculation, a 3-phase ground fault at the receiving 

end of the transmission lines is considered. Using the objective function values, the population is 

modified by GA optimization program for the next generation.  

For different problems, it is possible that the same parameters for GA do not give the best 

solution and so these can be changed according to the situation. One more important point that affects 

the optimal solution more or less is the range for unknowns. For the very first execution of the 

program, more wide solution space can be given and after getting the solution one can shorten the 

solution space nearer to the values obtained in the previous iteration. Optimization was performed 

with the total number of generations set to 70 and population is set to 20 while termination method 

adopted is maximum generations. The optimization processes is run several times and best among the 

runs are given below. 
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In order to improve the performance of SMIB system STATCOM AC voltage regulator 

parameters and current regulators are optimally adjusted by genetic algorithm optimization (genetic 

algorithm for optimization - MATLAB Toolbox) [14]. Here optimally tuned values of AC voltage 

regulator (Kp_Vac_SH) and (Ki_Vac_SH) is taken as 1081.6 and 0.5289 respectively. While optimally 

tuned values of current regulator (Kp_I), (Ki_I) and (Kf_I) is taken as 2.5878, 15.9824 and 2.5 

respectively. Fitness value of J for ac voltage regulator parameter tuning is (0.4274) while fitness 

value of J for current regulator parameter tuning is 0.1406. Fig. 8 shows the variation of rotor-angle 

with time for the SMIB system without STATCOM, with manually tuned STATCOM and with 

optimally tuned STATCOM when fault initiated at 3.1sec instant having a FCT of 0.11seconds. 

 

 

 

Fig.8 Variation of rotor-angle with time for the SMIB system without, with manually tuned and with 

optimally tuned STATCOM 

 

From the result it is clear that SMIB system employed with genetically tuned STATCOM is 

able to provide good damping when compared to manually tuned STATCOM over a specified range 

of operating condition. Peak overshoot in case of optimally tuned STATCOM is less when compared 

to manually tuned STACOM. System reaches steady state stable value of rotor angle faster in case 

SMIB system employed with optimally tuned STATCOM. 

For further enhancing the WSCC3 machine 9 bus systemperformance STATCOM AC voltage 

regulator parameterare tune in the same fashion as done in case of SMIB equipped with STATCOM. 

Fitness value for ac voltage regulator parameter tuning is 0.250272.For this termination method is 

maximum generation, max generation taken in this case is 50 and population size 20. Here optimally 

tuned values of AC voltage regulator (Kp_Vac_SH) and (Ki_Vac_SH) is taken as 17.0358 and 3.8127 

respectively. Fig. 9 shows the variation of rotor-angle with time for the WSCC3 machine 9 bus 

0 2 4 6 8 10 12 14 16 18 20
-120

-110

-100

-90

-80

-70

-60

Simulation Time (seconds)

R
o

to
r
 A

n
g

le
 D

e
v

ia
ti

o
n

 (
d

e
g

r
e

e
s

)

' Rotor Angle (dtheta in degrees) vs time (seconds)'

 

 

With STATCOM

Without STATCOM

GA Tunned STATCOM



International Journal of Advanced Electrical Technology and Research 

 Vol.(1), Issue (1), 2019 

73 
 

systemIncorporated with optimally tuned STATCOM when a three phase to ground fault initiated at 

7
th
 sec instant having a FCT of 0.0325seconds. 

 

 
 

Fig. 9 Variation of rotor-angle with time for the WSCC 3 Machine 9 Bus system without STATCOM, 

with manually tuned STATCOM and with optimally tuned STATCOM 

 

From the result it is clear that power system employed with genetically tuned STATCOM is 

able to provide damping when compared to power system without STATCOM over a specified range 

of operating condition. Peak overshoot in case of optimally tuned STATCOM is less when compared 

to power system without STATCOM. System reaches steady state stable value of rotor angle faster in 

case of power system employed with optimally tuned STATCOM. 

8. CONCLUSION 

In this paper, transient stability improvement by a static synchronous compensator controller is 

thoroughly investigated. From above results it has been clearly concluded that the critical clearing 

time (CCT) of the system is less without STATCOM incorporated in the system, critical clearing time 

is enhanced when STATCOM is incorporated in the system. Time taken to attain stability improves 

with STATCOM inserted in the system. Results are further improved when parameter optimisation is 

done through Genetic Algorithm. Electromechanical oscillation are highly damped in case of SMIB 

installed with genetically tuned STATCOM. While in multi-machine system oscillations are also 

damped which further improve the stability margin. 
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