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Abstract- This paper demonstrates Static Synchronous Series Compensator (SSSC), a device belonging to Flexible AC 
Transmission System (FACTS) family. The SSSC, a voltage source inverter connected in series with the transmission line 
injects the voltage in quadrature with the line current. Properly designed PI controller ensures effectiveness on the dynamic 
and transient operation of the system. SSSC controller helps improve voltage stability and compensate reactive power. The 
proposed power system control scheme is supported by simulation in MATLAB/SIMULINK environment. 
 
Index Terms- Voltage stability, transient stability, Voltage Source Inverter (VSI), reactive power, SSSC PI controller.  
 
I. INTRODUCTION 
 
Now-a-days with the ongoing expansion and rapid 
growth of the electric utility industry, including 
deregulation in many countries, new technologies are 
required for reliable and secure  operation of Power 
System. Hence for achieving both operational 
reliability and financial constrain FACTS devices 
should be introduced in the power system. Traditional 
solution for upgrading the electrical transmission 
system infrastructure includes formation of new 
transmission line substations and associated 
equipment. With the introduction of FACTS controller 
in the power system, the quality of power delivered has 
increased, which provides advanced solution of 
cost-effective alternatives to new transmission line 
construction. FACTS devices deliver the electrical 
power, more economically with better use of existing 
transmission line while reducing the cost of new 
transmission line and generating more power. 
Transmission networks hold a purpose of pooling the 
power plants and the loads with an aim to minimize 
the total capacity of power generation and fuel cost. 
Grid interconnection helps to increase the reliability of 
the power by taking the advantage of diversity of loads 
and availability of source with an aim of electricity cost 
minimization. In an environment haring deregulated 
electric system an effective electric grid is paramount 
to sustain the reliability of electric service. Even with 
the technological innovations which has led to 
widespread of computers, microelectronics and high 
speed communications for the control and protection 
of existing power transmission system, the final power 
control action is done by mechanical switching devices 
which operate at a comparatively less high speed.[1] 
The setback with the-application mechanical 
switching devices is their less life span as compared to 
the recent Static devices. New age FACTS technology 
can overcome the deficiency in the traditional 

solutions, when effectively utilized with prudency. 
FACTS controllers ensure their relevance in the power 
system service because it can control the interrelated 
governing parameters of-transmission system 
including voltage, current, phase angle, series and 
shunt impedance as well as sub synchronous 
oscillation damping. FACTS technology is not a single 
device rather is a collection of controllers, which can 
work in coordination with others to ensure an effective 
control over multiple system parameters as stated 
before.  
 
II. POWER SYSTEM STABILITY LIMIT  
 
To meet the desired power flow the transmission 
system are pushed to its stability limits. To make the 
most of the transmission corridor one needs to 
maximize its loading capability ultimately without 
causing damage to the transmission corridor. Hence 
the following constraints become considerable. 
1. Thermal 
2. Dielectric  
3. Stability 
Thermal capability of an overhead transmission line 
depends on factors such as wind conditions, ambient 
temperature, conditions of the conductor and the 
distance from ground. The insulation consideration for 
a particular transmission line is such that it can handle 
voltage rise of about 10% of the nominal voltage 
rating, but it should be ensured that the dynamic and 
transient overvoltage do not exceed the maximum 
limits. The FACTS technology can be used to control 
acceptable overvoltage. Numerous stability issues 
make the transmission system vulnerable such as 
a. Dynamic Stability 
b. Transient Stability 
c. Steady State Stability 
d. Voltage sag 
e. Subsynchronous Resonance 
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The FACTS technology can surely be used to extend 
these limits. 
III. CONTROLLABLE PARAMETERS OF POWER SYSTEM 
To understand the controllable parameters of the 
power system consider the power angle curve given 
below 
 

VS<δ VR<0 

δ  
Fig. 1 Single line diagram and power angle curve 

 

sin
X
VVP RS                          (1) 

Where P is the power flow, VS is the sending end 
voltage, VR is the receiving end voltage. The above 
equation relates that there are three main variables 
which can control the power flow in the power system. 
1. Impedance  
2. Angle 
3. Voltage 
• Controlling the impedance X of the transmission 
line either by use of Thyristor Controlled Series 
Capacitor (TCSC) or Static Synchronous Series 
Compensator (SSSC) can provide an efficient control 
over active power flow specified the angle is not large. 
• Phase Angle Regulator can provide control of angle 
which ensures control over current flow and active 
power flow. 
• Injecting voltage in quadrature to current flow 
(reactive power injection) in series with line is a 
powerful means for having control over current flow 
and power flow. Such control over the controllable 
parameters can be achieved either by conventional 
equipment or by FACTS controllers. 
Conventional equipment used to achieve power flow 
control are mentioned in table 1 
 

Table 1 Conventional equipment used to achieve power flow 
control 

 
 

IV. BENEFITS 
 
One has to find an efficient and cost effective manner 
to deal with the transmission system problems. The 

conventional control equipments are coupled with the 
high speed mechanical switches which are fast enough 
to solve many power system problems. Although there 
is a vast improvement in switching time with the 
evolution from mechanical to power electronic 
switches. The major benefit of implementing a FACTS 
controller is its capability to provide continuous and 
smooth control that accompanies power electronic 
switches.[2]  
Thus by applying FACTS controller solution one can 
speed along with cycling and smooth control over 
power system. 
• FACTS controller helps to have control over the 
power flow as required. Control over power flow 
ensures that the power demands are met along with 
optimal power flow. 
• It tends to have an increased power system security 
either by increased the limit of transient stability or by 
damping out the oscillations of power systems and 
machines. 
• FACTS devices can provide control over power 
system to achieve increased loading along with the 
effective utilization of transmission corridors. 
• Provides improved stability of power system with 
extended flexibility in siting new generation. 
• The control attributes of Static Synchronous Series 
Compensator can be highlighted as current control, 
damping oscillations, voltage stability, transient and 
dynamic stability. 
The advantages enlisted above are vital in achieving 
overall planning and efficient operation of power 
system. 

V. STATIC SYNCHRONOUS SERIES COMPENSATOR 
SSSC is a device of FACTS family which injects 
voltage of variable magnitude in series with the line. 
Basically SSSC is a series voltage source (SVS) with a 
capability of injecting voltage almost in quadrature 
with the line current, thus emulating inductive or 
capacitive reactance in series with the transmission 
line. Consider a single line diagram of SSSC in a two 
bus system. 

Fig. 2 Single line diagram of SSSC in a two bus system 
 
According to the fig. 2 SSSC injects a series voltage 
Vq into the transmission line. It is a solid state Voltage 
source inverter (VSI) which can generate controllable 
voltage at fundamental frequency. The transmitted 
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power Pq thus can be expressed as a function of 
injected voltage Vq for a two machine system as 
follows 

  
2

cossin
2 

 qq V
X
V

X
VP                      (2) 

 
Where X is the line reactance and δ is transmission 
angle.[3] In addition to the improvement of voltage 
stability and reactive power compensation SSSC 
extends its effective use in improvement of transient 
stability and oscillation damping with a unique ability 
to compensate real power. 
A. Improvement of Transient Stability Limit 
The powerful capability of SSSC to control the 
transmitted power can be utilized efficiently to 
improve the transient stability limit. Consider a simple 
two machine system with series compensation. 
 

δ2 δ1 δ δ3 δc π 

P=V2sinδ 

Ps=V2     sinδ 

δ π δs1 δs2 δs3 δsc 

 
Fig. 3 Equal area criteria to illustrate transient stability margin 

for a two machine system (a) without compensation, (b) with 
series compensation 

 
The system be subjected to some fault for a same period 
of time before and after having series compensation. 
Then the dynamic behavior of the line can be 
represented in fig. 3. The power transferred is Pm in 
both the cases prior to the fault at angles δ1 and δs1. 
Equal area criteria is used to represent the power 
system stability i.e. to obtain an equilibrium between 
accelerating and decelerating energies represented by 
areas A1, As1 and A2, As2 respectively, which reaches at 
maximum angular swings δ3 and δs3, respectively. The 
area above the Pm line defined by angle δ3 and δc and 
δs3 & δsc respectively determine the transient stability 
margin which on comparison is found to be more in 
case of series compensated system (Asmargin > Amargin). 
Thus a SSSC controller helps to improve transient 
stability margin.[4] 
B. Ability to Provide Real and Reactive Power 
Compensation 
The SSSC controller can compensate both active and 
reactive power with the ac system, just by having the 
control over the angular position of the injected 

voltage with respect to line current provided that the dc 
terminal of SSSC is coupled with a suitable energy 
source. This ability of SSSC finds a significant 
application in simultaneous compensation of resistive 
and reactive compensation of the line impedance with 
an aim to maintain high X/R ratio. With a high degree 
of series capacitive compensation X/R ratio may tend 
to fall to such low values where the losses associated 
with the line and increasing reactive power demand of 
the line would start to limit the transmittable active 
power. 
Thus SSSC controller with an appropriate dc source 
would be able to emulate a voltage component, 
antiphase with the voltage developed across the line 
resistance to cancel the effect of resistive voltage drop 
in the line in addition to the reactive power 
compensation. Hence, SSSC controller helps to create 
an effect of ideal reactive line by providing 
simultaneous compensation of both active and reactive 
component of line for maximum power flow. 
 
C. SSSC Controller 
For the compensation of the required voltage and as a 
response to the dynamic changes in the system, SSSC 
uses a series converter with the control technique as 
shown in fig. 4. SSSC controller with an appropriate 
DC source or capacitor can inject required voltage in 
quadrature to the transmission line thus meeting the 
spontaneous demand with proper damping. PI 
controller is used to improve system performance. First 
the current samples are transformed into dq0 samples. 
Then the DC voltage of the capacitor connected on the 
other side of the inverter is compared with the 
reference value and the error signal is given to the PI 
controller. In this way dynamic control of the active 
and reactive powers is achieved along with voltage 
compensation. 

 
Fig. 4 SSSC controller 

 
D. Test System 
To study the performance of SSSC controller a two bus 
system is considered in MATLAB/SIMULINK as 
shown in the fig. 5. The system is supplied with two 
sources of phase-to-phase voltage 220V. A load of 
500W is connected to bus 2. 



International Journal of Electrical, Electronics and Data Communication, ISSN: 2320-2084  Volume-3, Issue-6, June-2015 

Enhancement Of Power Flow Using SSSC Controller 
 

113 

 
Fig. 5 Test System with SSSC installed 

 
VI. RESULT AND DISCUSSION 
 
The source at bus 2 is disconnected which leads to 
voltage sag. Hence bus 2 is selected as a candidate bus 
to which SSSC controller is to be connected to 
compensate the voltage .Thus all the simulations will 
be focused to the results of bus 2. 
A. Simulation Results for Voltage and Current 
The source at bus 2 is disconnected at 0.08 which leads 
to voltage sag and system instability due to 
overloading. Variation of current and voltage at bus 2 
is obtained at real time before connecting SSSC 
controller as shown in the fig. 6. 
 

 
Fig. 6 Voltage and current waveforms before connecting SSSC 

 
Fig. 5 mentions SSSC controller installed between bus 
1 and bus 2. The installed SSSC controller aims to 
achieve the desired voltage compensation as specified 
by the simulation results in fig. 8. Fig. 7 shows voltage 
injected by VSI in three phases respectively. 
 

 
Fig. 7 Injected voltage for three phases 

 
Fig. 8 Voltage and current waveforms after connecting SSSC 

 
B. Simulation Results for Active and Reactive Power 
Disconnecting source at bus 2 leads to dynamic 
instability of system and the simulation results for 
active and reactive power before connecting SSSC 
controller are observed in fig. 9. PI controller improves 
the setting time of the system thus improving dynamic 
stability and compensates reactive power requirement 
of the system. The variation of active and reactive 
power compensation after connecting SSSC controller 
is shown in the fig. 10 indicating minimum settling 
time. 

 
Fig. 9 Active and reactive power before connecting SSSC 

 

 
Fig. 10 Active and reactive power after connecting SSSC 

 
CONCLUSION 
 
The SSSC, a voltage source inverter injects voltage in 
series with the transmission line, which is almost 
sinusoidal. The proposed model focuses on the 
capacitive mode of operation of SSSC. The series 
controller emulates a capacitive reactance in series 
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with the transmission line thus enhancing the power 
flow of the system with effective PI control. 
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