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Abstract: The focus of this research work is on SSSC-based power oscillation damping controller, which can 

damp the power oscillations occurring due to the any change in the transmission line like sudden change in load, 

sudden change of generator output, occurrence of fault, transmission line switching and short circuit. In this 

research work, simulation models for single machine and two machine infinite bus systems with active power 

compensation by SSSC has been developed. These simulation models have been incorporated into MATLAB 

based Power System Toolbox (PST) for their transient stability analysis. These models were also analyzed for 

such types of changes with the use of SSSC-based power oscillation damping controller Oscillation damping 

controller has varied the phase angle & magnitude of the series injected voltage in order to remove the power 

oscillations of the specified bus which arises due to the changes in transmission line. 

Keywords: Statics Synchronous Series Compensator, Matlab, Power System Toolbox, Oscillation Damping 

Controller. 

 

I. INTRODUCTION 
In today’s high complex and interconnected power systems, there is a great need to improve power 

utilization while still maintaining reliability and security. Reducing the effective reactance of lines by series 

compensation is a direct approach to increase transmission capability. However, a power transfer capability of 

long transmission line is limited by stability consideration [13].Oscillation of generator angle or line angle are 

generally associated with the transmission system disturbances and can occur due to step changes in load, 

sudden change of generator output, transmission line switching and short circuit [18]. Different modes of rotor 

oscillation are local mode, intra-area mode and inter-area mode. The frequency of oscillations of rotor swings 

varies from 0.2 to 4 Hz [2]. The lower end of frequency spectrum corresponds to inter-area modes, in which a 

large number of generators participated and their damping is difficult. This low frequency is important to damp 

as quickly as possible because they cause mechanical wear in power plants and cause power quality problem. If 

the electromechanical oscillations are not properly controlled in the electric power system operation, it may lead 

to a partial or total system outage [18]. Instability problems in power systems that can lead to partial or full 

blackout can be broadly classified into three main categories, namely voltage, phase angle and frequency related 

problems [3]. In early age this signal instability problem was solved by amortisseurs implemented in generator 

rotors, later with the application of fast excitation system this was solved by development & utilization of Power 

System Stabilizer (PSS) and however in modern power system due to the connection of power grids in vast area, 

for inter area oscillation damping due to the ability of controlling line impedance, power flow and bus voltage, 

Flexible AC transmission Systems (FACTS) devices implementation offers an alternative solution [19]. 

 

II. POWER SYSTEM MODEL         
In order to make a more thorough study for the presence of SSSC & Power Oscillation Damping 

Controller in a two machine infinite bus system, a study using MATLAB/SIMULINK is done. Such a study will 

also take into account the transient nature of the system when various changes happened to the two machine 

infinite bus system. Power System Toolbox (PST) of MATLAB is used for simulation purposes. In the present 

work active power compensation by injection of different level of voltage (Vq) by SSSC. 

 

1.1    Simulation of Two Machine Infinite Bus System with SSSC 
1.1.1 Simulation Model of Two Machine Infinite Bus System with SSSC 

In this case SSSC is connected between bus 2 and bus 3 of the above two machine infinite bus 

system so as to connect it in series with line 2. It has a rating of 100MVA and is capable of injecting up to 

10% of the nominal system voltage. It has a DC link nominal voltage of 40 kV with an equivalent 

capacitance of 375 uF. 
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1.1 Simulation model of two machine infinite bus system with SSSC 

 

In two machine infinite bus system with the injection of voltage by SSSC, results of the variation of magnitude 

of injected voltage, magnitude of active & reactive power at bus-2, magnitude of voltages, active & reactive 

power across bus1-4 versus time are shown in fig. 1.2 to 1.4. 

 
                           Fig. 1.2 Vqinj. by SSSC                                     Fig. 1.3Active power (at bus 2) with SSSC 
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Fig. 1.4 Reactive power (at bus 2) with SSSC 

 

From fig. 1.2 it is seen that at 2 sec. voltage (Vq) of value -0.04 p.u. and at 6 sec. voltage (Vq) of 

magnitude 0.03 p.u. is injected by SSSC. At   2 sec. due to the injection of negative quadrature voltage (Vq) by 

SSSC (i.e. inductive compensation) there is a decrease in active power demand and increase in reactive power 

demand at bus 2. At 6 sec. with injection of positive quadrature voltage (Vq) by SSSC (i.e. capacitive 

compensation ) there is an increase in active power demand and decrease in reactive power demand at bus 2 as 

shown in fig. 1.3 & fig. 1.4 for active & reactive power respectively. In both fig. it is seen that both active & 

reactive power changes abruptly in their magnitude.  

1.2.1 Simulation Model of Two Machine Infinite Bus System with SSSC-based  Damping Controller  

In this model a damping controller is connected between SSSC and injected voltage of the above two machine 

infinite bus system model with SSSC. 

 
                  Fig.1.5 Simulation model of two machine infinite bus system with SSSC & POD 

                     

In two machine infinite bus system with the control of SSSC-based power oscillation damping 

controller, results of the variation of magnitude of injected voltage, magnitude of  active & reactive power at 

bus-2, magnitude of voltages, active & reactive power across bus1-4 versus time are shown in fig. 1.6 to 1.10. 
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                                                       Fig.1.6 Vqinj. by SSSC-based POD 

 
Fig.1.7 Active power using SSSC-based POD & Fig.1.8Reactive power using SSSC-based POD(at bus 2) 

 

 From fig. 1.6 it is seen that at 2 sec. voltage (Vq) of value -0.04 p.u. and at 15 sec. voltage (Vq) of 

magnitude 0.06 p.u. are injected by SSSC through power oscillation damping controller. The injection of 

voltage through POD changes abruptly. Due to this injection of voltage there is a change in active and reactive 

power demand at bus 2 in both the cases as shown in fig. 1.7 & fig. 1.8 for active & reactive power respectively. 

But in both fig. it is seen that magnitude of both active & reactive power change smoothly. While with the 

injection of voltage (Vq) by SSSC-based damping controller at bus 2, response of voltages, active & reactive 

power at remaining buses are shown in fig. 1.9 to 1.11 respectively. There is a change in magnitude and some 

control on oscillations of active & reactive power of all the buses. 
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Fig.1.9 Voltages (at bus1-4) using SSSC-based POD 

 
Fig. 1.10 Active power (at bus1-4) using SSSC-based POD 

 
Fig. 1.11 Reactive power (at bus 1-4) using SSSC-based POD 

 
III. PERFORMANCE AND RESULTS 

1.3.3    Results of Two Machine Infinite Bus System with and without   SSSC-based POD  

           Comparison of results of two machine infinite bus system with SSSC and with SSSC-based damping 

controller is analyzed here.  Resulting of the comparison of variation of injected voltage and magnitude 

of active power at bus 2 for above cases are shown in fig. 1.11 and 1.12. 
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                                     Fig. 1.12 Vqinj. by SSSC & SSSC-based POD 

 
                            Fig. 1.13 Active power (at bus 2) with SSSC & SSSC-based POD 

 

From fig. 1.12 it is seen that with SSSC at bus 2, the voltage injected is of constant magnitude but with 

the use of SSSC-based damping controller, the injection of voltage (Vq) changes abruptly. And from fig. 1.13, 

due to the injection of quadrature voltage (Vq) of value -0.04 p.u. at 2 sec. there is a decrease in active power at 

bus 2 and this decrease of active power changes abruptly for about 3 sec. and at 6 sec. with the injection of 

quadrature voltage (Vq) of value 0.03 active power increase with period of oscillations of 3 sec. in both cases of 

voltage injection by SSSC.  But with the use of SSSC-based damping controller, there is a compensation of 

oscillations produced due to the change in active power at bus 2 and it achieved its final value in about 3 sec. 

and 3.5 sec. in above cases of voltage injection by SSSC-based damping controller. 

 

IV. CONCLUSION 
In this research work, simulation models of two machine infinite bus system with and without SSSC-

based power oscillation damping controller has made. A change in active power demand in SMIB and two 

machine infinite bus system has been compensated by using SSSC and SSSC-based power oscillation damping 

controller. From the results and observations it is conclude that In two machine systems, due to the injection of 

quadrature voltage by SSSC at bus 2, voltage, active & reactive power of remaining buses also affected and the 

oscillations generates due to the injection of voltage (Vq) can be controlled by the use of SSSC-based power 

oscillation damping controller, which control the injected voltage in such a way so as to get smooth variation in 

the change of active power. SSSC-based damping controller changes the magnitude and phase angle of the 

injected voltage according to control the oscillations in the active power of the desired bus so as to damp them 

out by superimposing a compensating signal. 

 

 

 



IJLRET 

International Journal of Latest Research in Engineering and Technology (IJLRET) 

ISSN: 2454-5031  

www.ijlret.com || Volume 03 - Issue 07 || July 2017 || PP. 38-44 

www.ijlret.com                                                       44 | Page 

 

V. REFERENCES 
[1]. N. G. Hingorani, L. Gyugyi, “Understanding FACTS: concepts and technology of flexible AC 

transmission systems”, New York: IEEE Press, 2000. 

[2]. K.R.Padiyar, “FACTS Controllers in Power Transmission and Distribution”. 2002. 

[3]. H. Saadat, “Power Stability Analysis”, TMH Publication Edition, 2002, pp. 460-526.  

[4]. A. Kazemi et al.,"Optimal Selection of SSSC-Based Damping Controller Parameters for Improving 

Power System Dynamic Stability Using Genetic Algorithm”, Iranian Journal of Science & Technology, 

Transaction B, Engineering, Vol. 29, No.B1, Feb. 2005 pp 1-5. 

[5]. B. Geethalakshmi, T. Hajmunnisa and P. Dananjayan,“A Fuzzy Logic Controller for   Enhancing the 

Transient Stability of 48-Pulse Inverter Based SSSC”, VOL. 10, NO. 2, 2008, pp. 53-58 

[6]. H. Taheri , S. Shahabi, Sh. Taheri , A. Gholami “Application of Synchronous Static Series 

Compensator (SSSC) on Enhancement of Voltage Stability and Power Oscillation Damping”, 978-1-

4244-3861 2009 IEEE, pp. 533-539. 

[7]. Abdul Haleem, Ravireddy Malgireddy “Power Flow Control with Static Synchronous Series 

Compensator (SSSC)”, Proc. of the International Conference on Science and Engineering (ICSE 2011) 

ISBN: 978-981-08-7931-0 pp. 1-5. 

[8]. L. Gyugyi, C.D.Schauder, & K.K. Sen,” Static synchronous series compensator : A solid-state 

approach to the series compensation of transmission lines”.1997 Power Delivery, IEEE Transactions 

on 12(1), pp.406-417. 

[9]. M. Faridi et al.,“Power System Stability Enhancement Using Static Synchronous Series Compensator 

(SSSC)”, 978-1-61284-840-2011 IEEE,  pp.387-391. 

[10]. L.J.Cai, I.Erlich, “Simultaneous Coordinated Tunning of PSS and FACTS Controller for Damping 

Power System Oscillations in Multi-Machine Systems.”,0-7803-7967 2003 IEEE, pp. 1-6 

[11]. Li Juan, et al. “A Non-linear Control Approach to Increase Power Oscillation Damping” , 2008 

International Conference on Computer and Electrical Engineering.pp.734-738. 

[12]. Majid Poshtan, Parviz Rastgoufard, “A Nonlinear Control Method for SSSC to Improve Power System 

Stability”, 0-7803-9772-X/06/$20.00 ©2006 IEEE. 

[13]. V.K.Chandrakar, A.G. Kothari, “MFFN based Static Synchronous Series Compensator (SSSC) for 

Transient Stability improvement”, world Academy of Science Engineering and Technology 05 2009, 

pp.1066-1070. 

[14]. K.K.Sen, "SSSC-static synchronous series compensator: theory, modeling and publications." IEEE 

Trans. Power Delivery. Vol. 13, No.1, January 1998, PP. 241-246. 

[15]. H.F.Wang, ”Static synchronous series compensator to damp power system oscillations”, Electric Power 

System Research 54 (2000) pp.113-119.  

[16]. Sidartha Panda ,“Modelling, simulation and optimal tuning of SSSC-based controller in a multi-

machine power system”, World journal of Modelling and simulation vol. 6(2010) no. 2, pp. 110-12. 

[17]. A.Ghosh, G.Ledwich, “Modelling and Control of thyristor-controlled series compensator”, IEE Proc.-

Trans. Dist. vol-142, No. 3, 1995 pp 297-307. 

[18]. D.Murali, M. Rajaram,”Transient Energy Analysis for STATCOM and SSSC Applications”, 

International journal of Electrical and Power Engineering 3(4): 2009, pp. 191-197. 

[19]. Chi Su, Zhe Chen, “Damping Inter-Area Oscillations Using Static Synchronous Compensator (SSSC)”, 

UPEC-46
th
 International Universities Power Engineering Conference, September 2011. 

[20]. K.M.Sze. et al, “Application of PWM based Static Synchronous Series Compensator (SSSC) to 

enhance Transient Stability of Power System”, 6
th
 international conference of APSCOM Nov.2003 pp. 

409-413. 


