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 
Abstract—Static VAR System (SVS) is a kind of FACTS device 

which is used in power system primarily for the purpose of voltage 
and reactive power control. In this paper presents a systematic 
approach for designing SVS supplementary controller, which is used 
to improve the damping of power system oscillation. The combined 
bus voltage and line current (CBVLC) supplementary controller has 
been developed and incorporated in the SVS control system located 
at the middle of the series compensated long transmission line. 
Damping of torsional stresses due to subsynchronous resonance 
resulting from series capacitive compensation using CBVLC is 
investigated in this paper. Simulation results are carried out with 
MATLAB/Simulink on the IEEE first benchmark model (FBM). The 
simulation results show that the oscillations are satisfactorily damped 
out by the SVS supplementary controller. Time domain simulation is 
performed on power system and the results demonstrate the 
effectiveness of the proposed controller. 
 

Keywords—Bus voltage and line current (BVLC), series 
compensation, sub synchronous resonance (SSR), supplementary 
controller, eigenvalue investigation. 

I. INTRODUCTION 

ERIES compensation of long transmission lines is an 
important approach to improve the power transfer 

capability of power networks [1]. However, in such 
compensated networks, the interactions between the electrical 
modes of the series compensated network and a mechanical 
mode of a turbine generator shaft can be led to a serious 
detrimental phenomenon referred to Sub-Synchronous 
Resonance (SSR) [2]-[4]. In recent years static VAR system 
(SVS) has been employed to an increasing extent in the 
modern power systems due to its capability to work as var 
generation and absorption systems. Besides, voltage control 
and improvement of transmission capability, SVS in 
coordination with supplementary controllers can be used for 
damping of power system oscillations. Damping of power 
system oscillation plays an important role not only in 
increasing the power transmission capability but also for 
stabilization of power system conditions after critical faults, 
particularly in weakly coupled networks [5]-[9]. 

The capacitors in series with transmission lines may cause 
sub-synchronous resonance (SSR) that can lead to turbine-
generator shaft failure and electrical instability at oscillation 
frequencies lower than the normal system frequency. 
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Incidentally, the shaft damage can also occur due to fatigue 
when the peak torques exceeds a limit [10], [11]. The 
proposed scheme was able to damp out the torsional modes at 
wide range of series compensation. However the control 
scheme was complex as it utilized three different controllers 
[12]-[14]. This paper introduces a method for reducing the 
amplitudes of transient torsional torques in series capacitor 
compensated networks, using supplementary controlled static 
var system. 

In this paper a new SVS control strategy for damping 
torsional oscillations due to subsynchronous resonance (SSR) 
in a series compensated power system has been developed. 
The proposed SVS control strategy utilizes the effectiveness 
of combined bus voltage and line current (CBVLC) SVS 
supplementary controller. A digital computer simulation 
study, using a nonlinear system model, has been carried out to 
illustrate the performance of the proposed SVS controller 
under large disturbance. It is found that the torsional 
oscillations are effectively damped out and the transient 
performance of the series compensated power system is 
greatly enhanced. The IEEE First Benchmark (FBM) model is 
considered for the analysis of SSR [15] and the complete 
simulation of the power system is performed in the 
MATLAB/Simulink environment. The study is carried out 
based on damping torque analysis and transient simulation. 
The results show that the suggested controller is satisfactory 
for damping SSR. This paper is structured as follows. Section 
II describes the modeling of power system. Section III 
introduces the development of supplementary controllers. 
Section IV introduces the eigenvalues and time domain 
simulations. The major conclusions of the paper are given in 
Section V. 

II. MODELING OF THE POWER SYSTEM 
The Static VAR system is basically a shunt connected 

variable VAR generator whose output is adjusted to exchange 
capacitive or inductive current to the system [16-18]. One of 
the most widely used configurations of the SVS is the FC-
TCR type in which a fixed capacitor (FC) is connected in 
parallel with thyristor controlled reactor (TCR). The studied 
system is based on the first IEEE benchmark system for 
subsynchronous resonance [15].  
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D. Network System Modeling 

The ac transmission line in this study system is adapted 
from the IEEE first SSR benchmark system [15]. The 
transmission line is represented by standard lumped parameter 
T- circuit. The network has been represented by its –axis 
equivalent circuit, which is identical with the positive 
sequence network. The governing equations of the -axis, T-
network representation is derived as follows: 
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where Cn = CT + CFC,L1 = L + LA, L2 = L + LT2, 

LA = LT1 + L”n and R1 = R +Ra 

Similarly, the equations can be derived for the - network. 
The - network equations are then transformed to D-Q frame 
of reference. 

E. Static VAR System Modeling 

The terminal voltage perturbation ∆V and the SVS 
incremental current weighted by the factor KD representing 
current droop are fed to the reference junction. TM represents 
the measurement time constant, which for simplicity is 
assumed to be equal for both voltage and current 
measurements. The voltage regulator is assumed to be a 
proportional- integral (PI) controller. Thyristor control action 
is represented by an average dead time TD and a firing delay 
time Ts. ∆B is the variation in TCR susceptance. ∆VF 
represents the incremental supplementary controller [25]. The 
α-β axes currents entering TCR from the network are 
expressed as: 
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where RS, LS represent TCR resistance and inductances 
respectively. The other equations describing the SVS model 
are: 
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where ΔV2,Δi2 are incremental magnitudes of SVS voltage 
and current, respectively, obtained by linearizing 
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III. DEVELOPMENT OF SVS SUPPLEMENTARY CONTROLLER 

The supplementary controller UC is implemented through a 
first order supplementary controller transfer function. 

The state and output equations are given by 
 

    CCCCC UBXAX 
.

 

    CCCCC UDXCY 
 

A. Bus Voltage Supplementary Controller  

The SVS bus voltage can be expressed as: 
 

2
Q2

2
D2

2
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          (9) 
 

Linearizing (9) gives the deviation in the SVS bus voltage 
ΔV2, which is taken as the bus voltage supplementary 
controller: 

 

QQDDo VVVVVVV 2200222022 )/()/( 
   (10) 

B. Line Current Supplementary Controller 

The line current entering to SVS bus from generator end bus is 
given by 
 

2
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2
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        (11) 
 
Linearizing (11) gives the deviation in line current: 
 

Q
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i
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       (12)  
 
where ‘o’ represents operating point or steady state values. 

IV. A CASE STUDY 

To demonstrate the validity of the proposed scheme, IEEE 
first benchmark model for time domain simulation is adopted. 
The system consists of two synchronous generators each of 
555 MVA amounting to 1110 MVA equivalent synchronous 
generator supplying bulk power to an infinite bus over a 400 
kV, 600 km. long series compensated single circuit 
transmission line. The single circuit transmission line has been 
considered in order to simulate the weakest system conditions. 
The system data and torsional spring mass system data are 
given in appendix. The SVS has been considered located at the 
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middle of the transmission line for its optimal performance. 
By conducting the load flow study the rating of the SVS has 
been chosen to be 100 MVAR inductive to 350 MVAR 
capacitive. About 40% series compensation is used at the 
sending end side of midpoint located SVS [26]-[29]. 

V. TIME DOMAIN SIMULATIONS FOR SSR STUDY 

A digital computer simulation study, using a nonlinear 
system model, has been carried out to demonstrate the 
effectiveness of the proposed supplementary controller under 
large disturbance conditions. Applying a pulsed torque of 30% 
for 0.1 s simulates a disturbance. The simulation study has 
been carried out at PG=800 MW. Figs. 3-7 show the response 
curves of the shaft torsional torques with the CBVLC SVS 
supplementary controller. The torsional oscillations are 
effectively stabilized and the proposed supplementary 
controllers attain a significant improvement in the transient 
performance of the series compensated power system.  

 

 

Fig. 3 Variation of shaft torsional torque (HP-IP) with CBVLC 
 

 

Fig. 4 Variation of shaft torsional torque (IP-LPA) with CBVLC 

 

Fig. 5 Variation of shaft torsional torque (LPA-LPB)with CBVLC 
 

 

Fig. 6 Variation of shaft torsional torque (LPB-GEN)with CBVLC 
 

 

Fig. 7 Variation of shaft torsional torque (GEN-EXC)with CBVLC 

VI. CONCLUSION 

In this paper the effectiveness of SVS with supplementary 
controller have been evaluated for damping the 
subsynchronous oscillations in a series compensated power 
system. The existence of sub synchronous conditions and their 
severity can be verified using MATLAB as a simulation and 
analytical tool. The effectiveness of combined bus voltage and 
line current (CBVLC) SVS supplementary controller has been 
evaluated for damping the electromechanical torsional 
oscillations in a series compensated power system. 

The time domain simulation study demonstrates that the 
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combined bus voltage and line current (CBVLC) 
supplementary controller improve the damping of the torsional 
electromechanical oscillations due to sub synchronous 
resonance (SSR) in the series compensated power system.The 
response curves of shaft torsional torques with the CBVLC 
SVS supplementary controller show a remarkable 
improvement and their oscillations die down effectively.  

APPENDIX 

The data for electromechanical system concerning to IEEE 
FBM is given below. All the data are in per unit (p.u.) on 1110 
MVA base. 

A. Generator Data: 

Power rating=1110 MVA,VLL=22 kV,Ra= 0.0036, Xl = 0.21 
pu. 
Stability data: Tuo

’=6.66 s, Tvo=0.44 s, Tuo
”
 =0.032 s, Tvo

” 
=0.057 s,Xu = 1.933 pu, Xv = 1.743 pu, Xu

’ =0.467 pu, Xv
’ = 

1.144 pu, Xu
” = 0.312, Xv

” = 0.312 pu, ω0 = 314 rad/s. 

B. IEEE Type-1 Excitation System: 

TR=0, TA=0.02, TE=1.0, TF=1.0 s, KA=400, KE=1.0, KF=0.06 
pu,VFmax=3.9, VFmin =0, VRmax=7.3, VR min= -7.3 

C. Transformer Data: 

RT = 0, XT=0.15 pu (Generator base) 
D. Transmission Line Data: 

Voltage=400 kV, Length = 600 km, Resistance R=0.034 Ω / 
km, Reactance X=0.325 Ω/km, Susceptance, Bc=3.7μ mho/km 

E. SVS Data (Six-Pulse Operation) 

SVC rating: QL = 100 MVAr and QC = 350 MVAr. 
TM=2.4, TS=5, TD = 1.667ms, KI= 950, KP = 0.5, KD = 0.01. 
 

TABLE I 
SUPPLEMENTARY CONTROLLER PARAMETERS 

SVS Supplementary 
Controller 

KB1 T1 T2 

Bus Voltage (BV) -0.675 0.006 0.45 

 
Line Current (LC) 

KB2 
-0.043 

T3 

0.39 
T4 

0.02 

ACKNOWLEDGMENT 

The work presented in this paper has been performed under 
the AICTE R&D Project, “Enhancing the power system 
performance using FACTS devices” in the Flexible AC 
Transmission Research Laboratory at Delhi Technological 
University formerly Delhi College of Engineering, Delhi 
(India). 

REFERENCES 
[1] N. G. Hingorani and L. Gyugyi, “Understanding FACTS: Concepts and 

Technology of Flexible AC Transmission Systems”, IEEE Press, New 
York, 2000. 

[2] Y.H. Song and A.T. Johns, eds, “Flexible AC Transmission Systems 
(FACTS)”, IEE Press, U.K., 1999. 

[3] IEEE SSR Working Group, “Countermeasures to Subsynchronous 
Resonance Problems ”, IEEE Transactions on Power Apparatus and 
Systems, 1980,Vol. PAS-99, No. 5,pp.1810-1816. 

[4] K.R. Padiyar and R.K. Varma, “Static Var System Supplementary 
Controller for Damping Torsional Oscillations,” International Journal 
of Power and Energy Systems, Oct. 1990,Vol. 12, No. 4, pp.271-286. 

[5] K.R. Padiyar and R.K. Varma, "Damping Torque Analysis of Static Var 
System Controllers", IEEE Transactions on Power Systems, May 
1991,Vol. 6, No. 2,pp.458-465. 

[6] K.R. Padiyar, “Facts Controllers in Power Transmission and 
Distribution”, New Delhi: New Age Publication, 2007. 

[7] P.M. Anderson, B.L. Agrawal, J.E. Van Ness, “Subsynchronous 
Resonance in Power Systems”, IEEE Press,New York, 1990. 

[8] IEEE Subsynchronous Resonance Working Group, “Terms Definitions 
and Symbols for Subsynchronous Oscillations”, IEEE Trans. Power 
Apparatus and Systems,1985 , Vol. 5, No. 6,pp.1326-1334. 

[9] IEEE Committee Report, “Reader’s Guide to Subsynchronous 
Resonance”,IEEE Trans. on Power Systems., Feb. 1992,vol. 7, no. 
1,pp.150-157. 

[10] IEEE Torsional Issues W.G., “Fourth supplement to a Bibliography for 
the Study of Subsynchronous Resonance between Rotating Machines 
and Power Systems”, IEEE Transactions on Power Systems, Aug. 
1997,Vol. 12, No. 3,pp.1276-1282. 

[11] K.R. Padiyar, “Analysis of Subsynchronous Resonance in Power 
System”, Kluwer Academic Publishers, Boston, 1999. 

[12] R.M. Mathur and R.K. Varma, “Thyristor-Based FACTS Controllers for 
Electrical Transmission Systems”, IEEE Press and John Wiley & Sons, 
New York, USA, Feb. 2002. 

[13] A. Ghorbani, B. Mozaffari, A.M. Ranjbar, “Application of 
subsynchronous damping controller (SSDC) to STATCOM”, Electrical 
Power and Energy Systems , Dec. 2012,Vol.43,Issue 1,pp.418-426. 

[14] IEEE Special Stability Control Working group,“Static VAR 
Compensator Models For Power Flow and Dynamics Performance 
Simulation”, IEEE Trans. Power Syst., 1984, 9 (1) ,pp. 229-240. 

[15] IEEE SSR Task Force, “First benchmark model for computer simulation 
of subsynchronous resonance”, IEEE Trans. on PAS, Sep.-Oct. 1977, 
vol. PAS-96,pp.1565-1572,. 

[16] N. Kumar, “Development of a new scheme for damping torsional modes 
in a series compensated power system”,Journal of IE(I),2006, vol. 
87,pp.23-28. 

[17] Fouad A. A. and Khu K. T., “Damping of torsional oscillations in power 
systems with series compensated lines”, IEEE Trans. on PAS,1978 , vol. 
PAS 97, No. 3,pp.744-753.  

[18] Edris Abdel-Aty,“Series compensation schemes reducing the potential 
of sub synchronous resonance”, IEEE Transaction on Power 
Systems,1990, vol. 5, No. 1,pp.219-226. 

[19] E. Lerch, D. Povh, and L. Xu, “Advanced SVC control for damping 
power system oscillation”, IEEE Trans. Power Systems”, 1991,vol. 6, 
No. 2,pp.524–535. 

[20] R.S. Ramsaw, K.R. Padiyar, “Generalized System Model for Slip Ring 
Machines”, IEE Proc.,Part C,1973,Vol.120,No. 6,pp.647-658. 

[21] R.K. Varma, A. Moharana , “SSR in Double-Cage Induction Generator-
Based Wind Farm Connected to Series-Compensated Transmission 
Line”,IEEE transactions on power systems, 2013,Vol. 28, No. 
3,pp.2573-2583. 

[22] S.K. Gupta, Narendra Kumar, A.K. Gupta, “Damping subsynchronous 
resonance in power systems”, IEE Proc. on Generation, Transmission, 
and Distribution,2002,vol. 149, No.6,pp.679-688. 

[23] Narendra Kumar, M.P. Dave, “Application of static VAR system 
supplementary controllers to improve the transient performance of series 
compensated long transmission lines”, Electric Power Systems 
Research,1995, 34,pp.75-83. 

[24] P.Kundur, “Power System Stability and Control”, McGraw Hill Inc, 
1994. 

[25] Narendra Kumar, “Damping SSR in a series compensated power 
system”, IEEE Proc. of Power India Conference, New Delhi, 2006. 

[26] Narendra Kumar, M.P. Dave, “Application of supplementary controlled 
static var system for damping sub synchronous resonance in power 
systems”, Electric Power System Research, 1996, 37, pp.189–201. 

[27] N. Kumar, “A SVS control strategy for damping torsional oscillations 
due to SSR in a series compensated power system”, IE (I) Journal-
EL,2011 ,Vol.-91,pp.9-17.  

[28] A. E. Hammad and M. El-Sadek, “Application of a Thyristor Controlled 
VAR Compensator for Damping Subsynchronous Oscillations in Power 
Systems”,IEEE Trans. on Power Apparatus and Systems, Jan. 1984, vol. 
PAS-1-3, no. 1,pp.198-212. 

[29] A. E. Hammad, “Analysis of power system stability enhancement by 
static var compensators”, IEEE Trans. Power Systems,1986, vol. PWRS-
1, No. 4,pp.222–227. 

 



International Journal of Electrical, Electronic and Communication Sciences

ISSN: 2517-9438

Vol:8, No:6, 2014

986

 

 

Narendra Kumar was born in 1963 Aligarh, (India). He completed B.Sc. 
(Electrical Engineering) and M.Sc. (Power Systems and Drives) in 1984 and 
1986 respectively from Aligarh Muslim University, Aligarh (India). He 
obtained his Ph.D. (Power Systems) from University of Roorkee in 1996. He 
is currently working as Professor (Electrical Engineering) in Delhi 
Technological University (formerly Delhi College of Engineering), Delhi 
(India) since Jan 1, 2004. His area of Interest includes power system operation 
and control, Flexible AC transmission systems, Automatic Generation Control 
etc.He has published more than hundred research papers in the National, 
International journals, conference proceedings. He has been awarded Pt. 
Madan Mohan Malviya Memorial Prize, K.F. Anita Memorial Medal; Best 
paper Awards, Certificates of Merit from the Institution of Engineers (India) 
and Systems Society of India. 
 
Sanjiv Kumar graduated in Electrical Engineering from D.E.I., Agra and the 
M.Tech.(Power System & Drives) from AMU, Aligarh. Currently he is a 
Research Scholar in Electrical Engineering Department at Delhi 
Technological University (formerly DCE), Delhi.He is author of Book “A 
Text book of Electrical Engineering” and co-author of “Power System 
Analysis”. He has presented many papers in various prestigious National and 
International conferences and journals. His broad area of interests include 
Power System Stability, Electrical Machines and FACTS. 


