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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 two type of FACTS devices such 

as STATCOM and UPFC. 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.   

Keywords: Flexible AC Transmission System, Static Synchronous Compensator, Static VAR Compensator, UPFC, 

MATLAB 

________________________________________________________________________________________________________ 

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 new transmission 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.   
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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. 

 
Fig 1: STATCOM Schematic Diagram. 

III. UNIFIED POWER FLOW CONTROLLER (UPFC) 

Both Static Synchronous Series Compensator (SSSC) and Static Synchronous Compensator (STATCOM) are combined through 

a DC link forms Unified Power Flow Controller (UPFC) which allows active power flow in both directions between the 

STATCOM shunt output terminals and SSSC series output terminals. UPFC is controlled to afford compensation of reactive and 

real series line without an external electric energy source.  

The UPFC is able to control active and reactive power flow in the transmission line by varying its parameters like line voltage, 

angle, and impedance. The UPFC provides shunt-reactive power compensation which can be controlled independently. It 

involves of two same VSIs (voltage-source inverters), one is cascaded and the other is parallel with the line, the common 

arrangement is illustrated in Figure 2. Two inverters viz. shunt inverter and series inverter which operate through a common DC 

link along with a DC storage capacitor permit UPFC to individually control real and reactive power flows in the line and also 

controls the bus voltage. 
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Fig. 2: UPFC Schematic Diagram 

IV. SIX BUS TEST SYSTEM 

 Description of the Transmission System A.

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 230 KV. 

The voltage sag occurs at bus 6 due to the overloading condition; to mitigate this voltage sag FACTS devices are used. In this 

paper the STATCOM and UPFC are used to mitigate voltage sag at bus 6, with use of these devices the power flow in the system 

are also improved. 

 
Fig. 3: The Single Line Diagram Of 6-Bus Test System. 

 System Analysis With-Out FACTS B.

The six bus test system has been simulated here for voltage stability analysis and power transfer capability. The dynamic load is 

connected at bus-6 for unbalancing in the system. The analysis of system without FACTS is present here for comparative 

analysis of system performance. The voltage values at buses are measure by „display‟ block and profile by „scope‟ in simulation 

without FACTS. The voltage sag occurs in bus-6 when there is overloading at bus-6 in the interval 0.25-0.7 sec. The simulation 

diagram is shown in fig. 4. 
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Fig 4: Simulation of Test System With-Out STATCOM. 

 Impact of STATCOM C.

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. The power grid consists of two 230-kV equivalents 

transmission line. The STATCOM is located at bus-6 (B6) and has a rating of +/- 1000 MVA. The simulation diagram is shown 

in fig 5. 

 
Fig 5: Simulation of Test System with STATCOM. 

 Impact of UPFC D.

The Unified Power Flow Controller (UPFC) is designed in MATLAB. The designed UPFC is located at the bus 6. The model 

with UPFC simulation diagram is shown in fig 6. 
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Fig 6: Simulation of Test System with UPFC. 

V. SIMULATION RESULTS 

 With-out FACTS A.

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.7. the real and reactive power at bus-6 is shown in Fig.8.  

 
Fig.7: The Voltage Profile at b-6, b-5, b-4.Without FACTS. 
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Fig 8: The real and reactive power at bus6 without FACTS 

The simulation output of the test system shows the voltage at bus (B4,B5,B6) and power at the bus 6(B6).The yellow colour 

and pink colour lines represents the active and reactive power at bus 6 (B6) respectively 

 With STATCOM B.

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.9.  

 
Fig. 9: The Voltage Profile at b-6, b-5, b-4. With STATCOM. 



Voltage Sag Mitigation in IEEE 6 Bus System by using STATCOM and UPFC  
(IJSTE/ Volume 2 / Issue 01 / 031) 

 

 All rights reserved by www.ijste.org 
 

167 

 With UPFC C.

The simulation results for test system with UPFC are given below. The voltage sag at bus-6 and voltage at bus-4 and bus-5 are 

shown Fig.10. And also the active and reactive power at bus-6 is shown in Fig.11.  

 
Fig. 10: The Voltage Profile at b-6, b-5, b-4. With STATCOM 

 
Fig  11: The Real And Reactive Power At Bus6 with UPFC 

The simulation output of the test system with STATCOM and UPFC are shows the voltage at bus (B4,B5,B6) and power at 

the bus 6(B6).The yellow colour and pink colour lines represents the active and reactive power at bus 6 (B6) respectively. 

VI. CONCLUSION 

This paper deals with comparison of STATCOM and UPFC. The detailed models of the STATCOM and UPFC were 

implemented and tested in MATLAB environment. The models are applicable for voltage sag mitigation is observed.  



Voltage Sag Mitigation in IEEE 6 Bus System by using STATCOM and UPFC  
(IJSTE/ Volume 2 / Issue 01 / 031) 

 

 All rights reserved by www.ijste.org 
 

168 

The effects of STATCOM and UPFC 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 analyses for compensate reactive power, voltage injected and 

increased power transfer capability. 

2) The STATCOM which compensate reactive power (MVAR) and mitigate voltage sag during overload condition. 

3) The modeled UPFC consists of both shunt and series compensators due to this it mitigates voltage sag and also 

improves the real power profile at bus- 6.         
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