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Abstract— In current years, growth of load demand rises day 

by day, but this growth does not ensue the same in 

equipment’s of power systems and therefore operators have 

to use supreme available capacity of systems to fulfill load 

demands. These activities make power systems so 

unpredictable. One of best ways to develop reliability of 

systems is using FACTS devices. In this project the voltage 

sag occurred during overloading condition is observed and it 

can be mitigated by using STATCOM. FACTS devices can 

regulate the reactive and active power control as well as 

adaptive control of voltage-magnitude instantaneously 

because of their fast control characteristics and flexibility. 

Placement of these devices in appropriate location can lead 

to maintain bus voltages in preferred level and control in 

line flow and so increase voltage stability margins. 

Performance assessment is supported by the simulation 

results on IEEE 6 bus system under overloading conditions 

using MATLAB. 
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I. INTRODUCTION 

The technology of power system utilities around the world 

has rapidly evolved with considerable changes in the 

technology along with developments in power system 

structures and operation. The present expansions and growth 

in the technology demand a more profitable and best 

operation of a power system with respect to transmission, 

distribution and generation systems.  

In the current situation, most of the power systems 

in the developing countries with huge interconnected 

networks share the generation reserves to enhance the power 

system reliability. However the increasing complexities of 

huge interconnected networks had variations in reliability of 

power supply which resulted in system instability difficult to 

control the power flow and security problems that caused 

large number blackouts in different parts of the world. The 

reasons behind the above fault sequences may be due to the 

systematical errors in planning and operation, weak 

interconnection of the power system, lack of maintenance or 

due to overload of the network.  

In order to overcome these consequences and to 

provide the desired power flow along with system stability 

and reliability, construction of newtransmission lines are 

required. However construction of new transmission lines 

with the huge interconnected power system are restricted to 

some of the factors like economic cost, environment related 

issues.  

These complexities in constructing new 

transmission lines in a power system challenges the power 

engineers to research on the ways to enhance the power flow 

with the existing transmission line without decrease in 

system stability and security. The obstacle to satisfy this 

increase in energy demand can be overcome by following 

measures;  

 Advancement in the present system. 

 Implementation of FACTS (Flexible Alternating 

Current Transmission System) Devices. 

FACTS Controllers have the benefit to control 

electrical parameters related with the standard operation of 

transmission power systems such as: series impedance, 

shunt impedance, current, voltage, phase angle and damping 

oscillations. The fundamental reason for this major progress 

is the possibility of using emerging technology based on 

high power semiconductors. FACTS technology can 

increase the loading on present systems and assist in 

directing flow of power in the interconnected system. It 

offers the potential of modernizing the way utilities supply 

electric power to their customers.   

The two main objectives of FACTS are to increase 

the transmission capacity and control power flow over 

designated transmission lines. FACTS controllers are 

capable of controlling the network condition in a very fast 

manner and this feature of FACTS can be exploited to 

improve the voltage stability and steady state and transient 

stabilities of a complex power system.   

The transmission power system uses FACTS 

devices have the following benefits   

 Control of power flow as ordered.   

 Voltage profile improvement   

 Security improvement of the system   

 Damping of oscillations in a system   

 Transient stability improvement   

 Reduced reactive power flow   

 Reduced cost of power generation   

II. STATIC SYNCHRONOUS COMPENSATOR (STATCOM) 

STATCOM, as shown in Figure 1, is a dynamic 

compensator consists of a set of VSC (voltage source 

converters) and a coupling shunt‐connected transformer. It 

is mainly used for power systems dynamic compensation. In 

fact STATCOM is a static equivalent of a synchronous 

compensator; however the STATCOM is faster in absorbing 

or providing reactive power as there is no mechanical 

moving part involved. In addition the STATCOM offers 

more control flexibility in comparison with the synchronous 

machine. The voltage difference across the coupling 

transformer results in reactive and active power exchanges 

between the network and STATCOM. The reactive power 

exchange is achieved by changing the voltage magnitude of 

voltage source. The active power exchange used to control 

the DC voltage of the capacitor in steady‐ state operation is 

zero, neglecting the VSC losses. 
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Fig 1: STATCOM Schematic Diagram 

The voltage source inverter is the basic electronic 

block of the STATCOM that converts input dc voltage into 

a output 3-Φ voltage at fundamental frequency. The 

STATCOM is made up of a voltage-source inverter, a dc 

capacitor and a coupling transformer. The reactive power 

compensation can improve the real power exchange between 

the STATCOM device and the ac system. The STATCOM 

does not absorbs/generates reactive power when the 

amplitude of the ac system voltage and amplitude of the 

output voltage of the STATCOM are equal the reactive 

current flowing is zero. The STATCOM generates reactive 

power (capacitive) when the amplitude of the STATCOM 

voltage is improved beyond the amplitude of the ac system 

voltage the flow of current from STATCOM to the ac 

system through the transformer reactance. The STATCOM 

absorbs reactive power (inductive) when the amplitude of 

the ac system increases above the amplitude of STATCOM 

the current flows from the ac system to STATCOM through 

the reactance of transformer. With respect to the voltage of 

ac system the current drawn by the STATCOM is shifted 

90
0
 and it can be lagging (absorbs reactive power) or leading 

(generates reactive power) is as shown in fig 2, the dc 

voltage across the inverter is maintained by using capacitor. 

The charging of the capacitor is done by voltage source 

converter (VSC). 

Where V is the ac supply voltage and VT is the 

STATCOM voltage. 

A. VSC using IGBT-based PWM inverters: 

In this inverter PWM technique is used to get a sinusoidal 

waveform by using a DC voltage source by means of a usual 

chopping frequency of some kHz. Harmonic voltages are 

nulled by connecting filters on the AC side of the Voltage 

Source Converter. This type of VSC utilizes a constant DC 

voltage Vdc. Voltage V2 is differed by altering the PWM 

modulator modulation index.  

 
Fig. 2 Generation and Absorption of Reactive power 

III. SIX BUS TEST SYSTEM 

A. Description of the Transmission System 

A 6-Bus test system as shown in Fig. 2 is used. The test 

system consists of three generators and three PQ bus (or 

load bus). This system which has been made in ring mode 

consisting of six buses (B1 to B6) connected to each other 

through single phase equivalent transmission lines. And the 

constant loads are connected of 70 MW at bus-4, 70 MW at 

bus-5 and 70 MW at bus-6 and variable dynamic load 30 

MW at bus-6 as shown in Fig.3. System has been supplied 

by three power plants with the phase-to-phase voltage equal 

to 230KV. 

 
Fig. 3: The single line diagram of 6-bus test system 

B. System analysis with-out FACTS 

A 6-bus system has been employed in MATLAB/Simulink 

program to study the test system in detail. It has three 

generator buses of 230kv and three load buses of 70MW 

load at each load bus. When the FACTS are not in operation 

the extra load of 30MW is added to make overloading at bus 

6. The single phase equivalent resistance and reactance of 

the line are taken for modelling of test system is shown in 

the figure 4. The overloading condition is occurred in the 

time interval 0.25-0.7Secs, during overloading condition 

voltage sag occurred at bus 6 and also the value of voltage at 

other buses are also shown in the simulation results. 

 
Fig. 4: Simulation of Test System with-Out STATCOM. 
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C. Impact of STATCOM 

The Static Synchronous Compensator (STATCOM) is one 

of the key FACTS devices. STATCOM output current 

(inductive or capacitive) can be controlled independent of 

the AC system voltage.  

In the MATLAB model of IEEE 6 bus system the 

overloading condition is observed at bus 6 in the interval 

0.25-0.7secs causes voltage sag. The STATCOM is placed 

at bus 6 (B6) it injects the reactive current to mitigate 

voltage sag during that time interval and restore the value of 

voltage to normal level. The six bus system model with 

STATCOM connected at B6 is shown in figure 5. 

 
Fig. 5: Simulation of Test System with STATCOM. 

IV. SIMULATION RESULTS 

A. With STATCOM 

The simulation results for test system with-out FACT 

Device are given below. The voltage sag at bus-6 and 

voltage at bus-4 and bus-5 are shown Fig.6.  

 

Fig. 6: The voltage profile at b-6, b-5, b-4.Without 

STATCOM. 

B. With STATCOM 

The simulation results for test system with STATCOM are 

given below. The voltage sag at bus-6 and voltage at bus-4 

and bus-5 are shown Fig.7.  

 
Fig. 7: The voltage profile at b-6, b-5, b-4. With 

STATCOM. 

V. CONCLUSION 

This paper deals with applications of the STATCOM. The 

detailed models of the STATCOM were implemented and 

tested in MATLAB / Simulink environment. The model is 

applicable for voltage sag mitigation is observed.  

The effects of STATCOM installed in power 

transmission path are analyzed in this paper, and the 

conclusions are as follows: 

1) The performance enhancement of 6-bus test system can 

be analyzed for reactive power compensation; voltage 

injected and increased power transfer capability. 

2) The STATCOM which compensate reactive power 

(MVAR), voltage injected (KV) and increased power 

transfer capability (MVA). It’s concluded that by 

introducing FACTS device system performance, 

voltage stability and transmission capability improves 

considerably.  

REFERENCES 

[1] H.F. Wang, “Interactions and multivariable design of 

STATCOM ac and dc voltage control”, Int. J. Electric 

Power Energy Syst. 2003, vol.25, pp.387-394.  

[2] C. A. Ca˜nizares, M. Pozzi, and E. Uzunovic, 

„STATCOM modeling for voltage and angle stability 

studies,‟ International Journal of Electrical Power & 

Energy Systems, 2003, 25(6), pp.431-441.  

[3] Md.Nazrul Islam1, Md. Arifur Kabir1, and Yashiro 

Kazushige2.Design and Simulation of STATCOM to 

Improve Power Quality. “International Journal of 

Innovation and Applied Studies”. ISSN 2028-9324 Vol. 

3 No. 3 July 2013, pp. 871-878. 

[4] Aarti Rai Department of Electrical & Electronics 

Engineering, Chhattisgarh Swami Vivekananda 

Technical University, Bhilai, Chhattisgarh. 

Enhancement of Voltage Stability and Reactive Power 



Performance Analysis of STATCOM to Mitigate Voltage Sag in IEEE-6Bus System 

 (IJSRD/Vol. 3/Issue 05/2015/215) 

 

 All rights reserved by www.ijsrd.com 927 

Control of Multi-Machine Power System Using Facts 

Devices. “ International Journal of Engineering and 

Innovative Technology” (IJEIT) Volume 3, Issue 1, 

July 2013. 

[5] Anwar S. Siddiqui TanmoyDeb  JamiaMilliaIslamia 

Jamia MilliaIslamia  New Delhi, India New Delhi, 

India. Voltage Stability Improvement using STATCOM 

and SVC. “International Journal of Computer 

Applications”. (0975 – 8887) Volume 88 – No.14, 

February 2014. 

[6] ArthitSode-Yome, NadarajahMithulananthan, Member, 

IEEE and Kwang Y. Lee, Fellow, IEEE.Static Voltage 

Stability Margin Enhancement Using STATCOM, 

TCSC and SSSC. “IEEE/PES Transmission and 

Distribution Conference & Exhibition”: Asia and 

Pacific-2005. 


