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Abstract— Series capacitive compensation of AC 
transmission system provides most economical way 
to increase power transfer capability of existing 
transmission lines, control of load sharing of parallel 
lines & enhance transient stability. When series 
compensated transmission system is connected to a 
steam Turbine-Generator Set, it may lead to 
Subsynchronous resonance (SSR) which may damage 
the machine shaft. Recent development of power 
electronics introduces the use of Flexible AC 
Transmission System (FACTS) controllers in power 
systems. FACTS controller are capable of controlling 
the network conditions in a very fast manner and this 
feature of FACTS can be exploited to improve the 
stability of a power system. FACTS controller are 
also gaining importance for controlling the SSR. This 
paper presents a review on effectiveness of FACTS 
controllers (TCSC, SSSC & UPFC) on damping of 
subsynchronous oscillations. For the analysis of 
subsynchronous resonance IEEE Benchmark Model 
is utilized alongwith the FACTS controller. Using 
MATLAB/SIMULINK, the simulation results have 
been shown that the considered FACTS controllers 
can reduce the subsynchronous oscillations in the 
series compensated transmission line. 
 

Keywords: - FACTS controller, TCSC, SSSC, 
UPFC, series compensated transmission line, 
Subsynchronous resonance (SSR), IEEE Second 
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I. INTRODUCTION  
 
Series compensation of long lines is an economic 
solution to the problem of increasing power transfer, 
improving voltage profile of transmission lines, 
enhancing steady state stability of system & lastly 
controlling the load sharing among parallel lines. 
However, use of fixed series compensation introduces 
some new problem in power system operation. When 
this technique is applied to steam Turbine-Generator, 
due to interaction between an electrical mode of 
series compensated network and a mechanical shaft 
mode of a T-G group, it may results in 
subsynchronous resonance (SSR) phenomenon. 

Disturbances and switching events excites a wide 
range of resonant oscillatory modes in all electrical & 
electromechanical power systems. Because of net 
positive damping, most of these oscillations are 
harmful and die out. However, under certain 

situation, some specific oscillation may have 
unacceptably high magnitude. This oscillation may 
further rise or sustain for a long period. Thus 
resulting in the damage due to insulation, mechanical 
aging or breakdown or system instability. When the 
oscillations involve both the electrical & rotating 
mechanical equipment coupled through magnetic 
flux, frequencies below power frequency appear. 
Mechanical oscillations are present among individual 
turbine masses & generator coupled through long 
shaft. When these oscillations electrically coupled 
with electrical system through generator, it results in 
subsynchronous oscillations in the range of 10-50Hz. 
IEEE definitions of SSR: 

―Subsynchronous oscillation is an electric 
power system condition where electric network 
exchanges significant energy with a turbine-generator 
at one or more of natural frequencies of the combined 
system below the synchronous frequency of the 
system following a disturbance from equilibrium.‖ 

In the seventies, the problem of SSR was 
first encountered when fixed series compensation was 
used in long radial lines connecting T-G to load 
centers. It occurred at southern California Edison‘s 
Mohave power plant. This involves interaction 
between electrical network & torsional system of T-G 
leading to self-excitation. So this SSR problem had 
discouraged system planners from introducing series 
compensation. However, recent development of 
FACTS devices like TCSC, SSSC & UPFC has 
demonstrated that SSR problem can be damped out. 
This high speed active power system controller i.e. 
FACTS devices have a potential to overcome the 
SSO problem. 
Large number of papers has been published regarding 
the analysis of SSR problem & their mitigation using 
FACTS devices. This paper presents a review on 
effectiveness of different FACTS controller such as 
TCSC, SSSC & UPFC in the power system for the 
damping of SSR. The results indicate certain findings 
which give certain idea which are definitely useful 
both academic point of it as well as the research 
scope of it. 
 

II. LITERATURE SURVEY  
 
 Subsynchronous Resonance Control Using 

Thyristor Controlled Series Capacitor. Rajendra 
Bhombe, Akhilesh Nimje, Deptt of Electrical 
Engg,GNIET, Nagpur, IJAIEM, RATMIG 2013.  
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In this paper, SSR phenomenon is studied with IEEE 
Second Benchmark model. The analysis is carried out 
by using eigen value technique. TCSC model with 
constant angle control method has been used for 
damping of SSR 
torques. This paper attempt to highlight the 
effectiveness of TCSC control in stabilizing the 
critical torsional mode in addition to the enhancement 
of power transfer capability[1].By using firing angle 
of the thyristors, the inductive reactance is varied 
which in turns change the effective impedance of the 
TCSC. With introduction of delay element in control 
circuit of TCSC, there is an improvement in the 
response. The stability of system is analyzed through 
eigen value technique. It gives the eigen value of the 
state coefficient matrix of T-G mechanical system. 
This provides the information about all oscillatory 
modes along with their frequencies. The analysis 
shows that without TCSC, torsional mode 1 is 
unstable at specified operating point. When TCSC is 
controlled by PI controller, it is noted that TCSC 
controller stabilizes critical torsional mode 1 at 
specified operating point [2]. Transient simulation of 
system using MATLAB/SIMULINK is carried out to 
verify the results obtained by eigen value analysis. 
 
 
 Subsynchronous Resonance Damping Control of 

Thyristors-Controlled Series Capacitor Naoto 
kakimoto, member, IEEE, and Anan 
Phongphanphanee, IEEE Trans on power 
delivery, Vol. 18, No. 3, July 2003  

 
This paper deals with the impact o firing angle 
control of TCSC in suppressing SSR. Electrical 
damping becomes almost zero when an appropriate 
thyristor firing angle is used. Negative damping still 
present and is large for firing angle 1700~1800 where 
little current flows through thyristors. This paper 
presents an analytical method of calculating electrical 
damping by oscillating firing angle at a given 
frequency. It also shows that when firing angle 
oscillation is in phase with that of rotor angle, 
damping improves at all frequencies. This result in 
decrease in synchronizing torque so to avoid his, it is 
necessary to impose a limit on control gain. For 
verification of analytical results, numerical 
simulations are executed. Authors had made 
following conclusions in this paper: 
 
 If  ‗f‘  is  the  frequency  at  which  thyristor  

firing  angle oscillates then current component 
having frequencies nf0±f flow through the 
reactor, capacitor and transmission line. 
Analytical equations of voltage and current 
components of TCSC are also derived.  

 
 If firing angle is in phase with rotor angle then 
damping torque improve. However there is some 
limit imposed on the control gain.  

 
 In order to show that it is possible to damp the SSR 
by proposed firing angle of TCSC, numerical 
simulations are executed. Lastly it was concluded 
that with proposed firing angle control of TCSC, it 
is possible to suppress the SSR.  

 
 Impact of TCSC Control Methodologies on 

Subsynchronous Oscillations 
 
Luiz A.S.Pilotto, Senior Member,IEEE, Andre 
Bianco, Member, IEEE, Willis F.Long, Fellow, IEEE, 
and Abdel-Aty Edris, Senior Member, IEEE Trans. 
On power delivery, Vol. 18, No.1,Jan 2003 

This paper investigates the impact of 
different TCSC control methodologies on 
subsynchronous oscillation problem in series 
compensated transmission system. For the detailed 
analysis, IEEE First Benchmark Model is adopted 
including TCSC device. Analysis is conducted for 
different series compensation levels with following 
control methodologies: (a) constant current control 
(b)constant power control (c) constant impedance 
control. 
 

In addition to this, a comparison between 
equidistant firing control & individual firing control 
method is also presented. This study also considers 
the effect of TCSC rating & TCSC firing angle as 
parameter to be investigated. TCSC controller using 
EMTP TACS control blocks is used. It is based on 
proportional integral (PI) regulator. To increase the 
damping of SSR modes, line current feedback is 
introduced in the current controller. 
 

Using the EMTP program IEEE Benchmark 
system is modeled for the study of SSR problem. 
Eigen value analysis assesses the potential 
instabilities of this system and shows that system is 
characterized by four unstable torsional modes. Time 
domain simulation confirmed that the system 
experiences torsional interaction problem for fixed 
series compensation system. When it is substituted by 
TCSC, result shows that TCSC operating in local 
current control can sufficiently solve the SSR 
problem. Thus the designed controller is robust and it 
can solve the SSR problem for all compensation 
levels. This paper also investigates the impact of 
individual & equidistant firing control methodologies. 
Both methods give same results for all oscillation 
modes, except for self excitation mode. Individual 
firing controller show superior performance over the 
equidistant controller for the self excitation mode. In 
order to operate properly, equidistant firing controller 
needs to be synchronized through line current. 
 

In this paper an enhanced power controller 
structure is also proposed to improve the operation 
without exciting fast undesirable modes because the 
conventional power controller result in overall slow 
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response of device particularlyduring fault recoveries. 
When TCSC operate under constant impedance 
control with an increasing firing angle; it reveals that 
above a critical value, TCSC reactance become 
capacitive in subsynchronous frequency range. Hence 
if the dynamic impedance reflected to ac network 
does not tune to subsynchronous mode of system, 
then TCSC device is stable. Otherwise it may excite 
SSR. So in order to solve this problem, it require 
supplementary controller or structural changes in 
firing controllers. Time domain simulation results 
prove the improved of TCSC controller to system 
instabilities, when its rating is increased. It is also 
observed that variation in steady state firing angle of 
TCSC with higher rating may tune several system 
modes, without resulting in unstable interactions. 
 
 Mitigating Subsynchronous Resonance In Hybrid 

System With Steam And Steam And Wind 
Turbine By UPFC.  

 

H. Hosseini, A. Boudaghi, A. Mehri, H. 
Farshbar, S.F Torabi, Faculty of Engg, Univ of 
Urmia, Iran, IJTPE, Vol 4, No. 2, June 2012  

 
This paper focuses on UPFC basd on 

supplementary shunt controller & ANFIS controller 
for damping the SSR in hybrid energy production 
system. This system comprises of wind & steam 
turbine. IEEE Second Benchmark Model with 
integrating aggregated synchronous generator based 
wind turbine has been used to carry out the studies. In 
this paper, Fuzzy logic damping controller (FLDC) is 
used to provide an optimal control on pitch angle in 
high speed of wind and ANFIS is applied to the 
UPFC shunt controller. MATLAB/SIMULINK 
results shows that UPFC without supplementary 
controller cannot be able to damp the SSR. However, 
with supplementary controller in shunt with ANFIS, 
UPFC can mitigate SSR. In addition to this work, 
wind generator produced power in near 1 PU. 
 
 Investigation of SSR characteristics of unified 

power flow controller.  
 

K. R. Padiyar, Nagesh Prabhu, Deptt of 
Electrical Engg, Indian Institute of 
Science,Bangalore,India  

 
The objective of this paper is to investigate SSR 

characteristics of UPFC for various combination of 
operating modes of shunt and series converters and 
examine the role of UPFC as a SSR countermeasure. 
SSR analysis is based on frequency domain method 
(or damping torque analysis) and eigen value 
analysis. The results are then verified by using 
transient simulation on IEEE First Benchmark Model 
with UPFC. UPFC is realized by two three level 12 
pulse voltage source converters (VSCs). Damping 
torque analysis provides a quick check to determine 

the torsional mode stability. Eigen value analysis uses 
equations in D-Q variables where switching functions 
are approximated by their fundamental frequency 
components. For linearised study, D-Q model is 
developed by neglecting harmonics in the output 
voltage of VSCs. While investigating the 
effectiveness of various combinations of operating 
modes in SSR damping, following points are noted 
down: 
 

 There is no significant effect on torsional modes 
when shunt converter is in operating mode.  
 There is an improvement in damping of critical 
torsional mode when positive series real voltage is 
injected.  
 A significant increase is achieved by emulating 
positive resistance with injection of series real 
voltage.  
 When series reactive voltage is injected for line 
compensation, it reduces negative damping, 
increases resonance frequency and ultimately 
reduces the risk of SSR. Hence there is possibility 
of detuning SSR by adjusting series reactive 
voltage.  

Series Compensation Of Radial Power System By A  

Combination Of SSSC And Dielectric Capacitors. 
 

Fawzi A.Rahman Al Jowder, Member, IEEE, and 
Boon-Teck Ooi, Fellow, IEEE, IEEE Trans. On 
power delivery, Vol. 20, No. 1, Jan 2005 

 
In this paper it is observed that when the combination 
of SSSC & dielectric capacitor is used then cost of 
series compensation gets lower. This paper proposes 
a hybrid system in which SSSC is only a fraction of 
compensation and remaining compensation is 
provided by fixed capacitors. Eigen value analysis & 
digital simulation using HYPERSIM are adopted. 
HYPERSIM confirm the eigen value analysis results 
and determine transient stability limits. IEEE 
Benchmark model is not used in this paper. Instead of 
using this, researcher has used default models of a 
1700 MVA thermals generator and associated 
equipment like field exciter, power system stabilizers, 
thermal turbines, governor system etc. HYPERSIM 
has a comprehensive library of above default models. 
System under study and SSSC control scheme is as 
shown in fig 1 & fig 2 respectively. 
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Result of eigen value analysis shows that the method 
have been correctly used and SSR instability have 
been suppressed by the SSSC and its damping 
control. 
 

This paper shows that when SSSC is used for 
two purpose (a) as an equivalent capacitive reactance 
which add to reactance of series capacitors (b) as a 
SSR instability suppressor, then it become more 
economical in series compensation. Digital 
simulation results shows that when overall degree of 
compensation is 0.7, size of capacitive compensation 
required of SSSC is 0.22 which is about 1/3 of 
capacitive MVar. Based on transient stability limit, 
line transmissibility is increased by a factor of 2.23. 
 
Analysis Of Sunsynchronous Resonance With Three 
Level Twelve Puse VSC Based SSSC.  
 

K. R. Padiyar, Nagesh Prabhu, Deptt of 
Electrical Engg, Indian Institute of 
Science,Bangalore,India  

 
The main objective of this paper is to 

investigate SSR characteristics of a series 
compensated system with SSSC as a part of total 
compensation. IEEE First Benchmark Model and 
three level 12 pulse SSSC model is used for the 
study. This paper discuss about modeling control 
details of three level VSC based SSSC. Analysis is 
carried out using frequency domain method, eigen 
value analysis and transient simulation. 

 
In damping torque analysis, two cases are 
considered: 

 
Case 1 without SSSC: 60% series compensation met 
by series capacitot only. 

 
Case 2 with SSSC: 45% compensation is met by 
fixed capacitor & remaining 15% by SSSC. 

 
Results show that in case 1 damping torque 

is maximum negative around frequency 127 rad/sec 

which coincide with natural frequency of torsional 
mode 2. It may result into adverse torsional 
interactions. While in case 2, maximum undamping 
occur at 150 rad/sec and it does not coincide with 
any torsional mode. So system is stable. 

 
Eigen value analysis uses equation in D-Q 

variable where switching functions are 
approximated by their fundamental components. 
Transient simulation confirms the results obtained 
from damping torque & eigen value analysis. From 
this results it is observed that SSSC when operating 
in constant reactive voltage injection mode, it is 
SSR neutral. In other words, inclusion of SSSC 
resulted into a stable system and decrease in risk of 
SSR problem. 

 
 A Novel Control Strategy For 

Subsynchronous Resonance Mitigation Using SSSC 
 
Massimo Bongiorno, student member, IEEE, Lennar 
Anguist, Member, IEEE, and Jan Svensson, Member, 
IEEE, IEEE Trans on power delivery, Vol. 23, No. 2, 
April 2008 
This paper presents a novel control strategy for the 
mitigation of SSR using SSSC. To obtain SSR 
mitigation, the subsynchronous current is controlled 
to zero which increases the network damping at 
critical frequencies of turbine generatot shaft. SSSC 
is modeled as a controlled ideal voltage source. The 
effectiveness of proposed control strategy for SSR 
mitigation particularly due to TA, is proved by using 
simulation program PSCAD/EMTDC where IEEE 
FBM with SSSC is simulated. 
 
This paper explains the control strategy for SSSC and 
derives the controller algorithm. It also presents the 
stability analysis of proposed control algorithm for 
both the cases of accurate and inaccurate knowledge 
of system parameters. Eigen value analysis confirms 
the instability of system. As the electrical resonance 
occur in the neighborhood of one of the natural 
frequencies of generator shaft due to selected level of 
series compensation. This may lead to resonance 
between electrical & mechanical system. Simulation 
results of proposed control system shows that when a 
low amount of voltage is injected in the grid, it leads 
to a reduced power 
rating for SSSC. Hence SSR mitigation can be 
achieved. In addition to this, maximum voltage 
required for damping is less than 1.2% of sytem rated 
voltage. It makes the SSSC with proposed control 
strategy a cost effective solution for SSR mitigation. 
 

III.RESEARCH OBJECTIVE 
 

FACTs devices provide a fast and 
controllable series compensation of transmission line 
reactance. Several FACTs devices are now installed 
on transmission networks around the world. 
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Implementation of the FACTS device for the 
mitigation of SSR in series compensated line is 
becoming a new area of interest. The main objective 
of the research work is to analyze the behavior of 
FACTS device like TCSC, UPFC & SSSC on the 
damping of subsynchronous resonance in a series 
compensated transmission system. After the literature 
survey it has been noted that high speed active power 
system controller such as FACTS devices with proper 
control strategy, have a potential to reduce the risk of 
SSR in a series compensated system. 
 
CONCLUSION 
 

Literature survey done by various 
researchers is reviewed and it has been concluded that 
FACTS devices are very effective in the SSR 
damping. From the research, the conclusion reached 
is that installation of conventional series capacitor 
compensation does not necessary mean that there will 
be SSR problems. Infact it is continued to be installed 
all over the world. For the analysis of SSR, 
researchers encourage to use either of the IEEE 
Bench mark Models[9],[10]. 
 

SSR is divided into two main groups [3]: 
Steady state SSR [induction generator effect (IGE) 
and torsional interaction (TI)] and Transient torques 
[also known as torque amplification (TA)]. IGE is 
unlikely can occur in a series compensated power 
system, whereas TI and TA are dangerous conditions. 
So it become necessary to avoid this effect in series 
compensated line. Several publications [4]-[7] had 
proposed the use of above mentioned Facts 
controllers. But there is not much of the work 
published on the SSR analysis with UPFC. So further 
work in the field of using UPFC for damping of SSR 
is needed to be done. It provides scholars a new area 
for the research. 
 

From this research it is planned to make a 
comparative study on the impact of TCSC, SSSC & 
UPFC on damping of subsynchronous oscillations. 
Based on the results conclusion shall be drawn on the 
effectiveness of the FACTS device for SSR damping 
in series compensated line. 
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