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ABSTARCT 
By using FACTS devices we maintain the stability of the power system .As we are using the shunt 
and series compensator to maintain the power system stability and to damp the power oscillation. 
The main purpose of this paper is to maintain the stability by SSSC(Static synchronous series 
compensator) with SMES (Super conducting magnetic energy storage device ) ,and the results are 
compared with and without SMES in MATLAB/Simulink. 

Key words:  SSSC(Static synchronous series compensator),SMES(Super conducting magnetic 
energy storage device). 
 

INTRODUCTION 
 

Today it is very difficult task to maintain the stability and to damp the power oscillation of the 
power system, as the power system is very complex in nature. So the use of FACTS device comes 
in the picture to maintain the stability we are using the FACTS devices. If the SMES (Super 
conducting magnetic energy stores device) is connected with FACTS devices the performance of 
the devices increases. To control the active and reactive power flow from the transmission line the 
power electronics devices are used this is proposed in the [1]-[2].Now a days the FACTS devices 
used to control the magnitude of the current flowing through power system and that in a very low 
cost[3].But the FACTS devices connected with the SMES having quite low information regarding 
the performance.so that this paper give the performance result when the FACTS devices connected 
with a energy storage device. Molina, M.Gdicussed that, SSSC is most useful tool in case of the 
power system[4]. The SSSC having the better performance as some amount of the energy is stored 
in the SSSC and the brief discussion of the SMES is presented by Molina, M.G. et al. [5][6].This 
paper gives the clear idea of SSSC with and without SSSC.The SMES is connected to the SSSC 
through the control circuit and the results are discussed with and without SMES.                                
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MATERIALS AND METHODS 
 
The SSSC with SMES 

 
Fig.1 shows Voltage sourced converter is base for the SSSC.And this type of the series 
compensator the voltage across the line impedance that should be increased so that we will get the 
increase in current and finally the power. For the normal capacitive compensation the output 
current leads the voltage by 900  .But in this type of compensation the voltage and can make lag 
and lead by 900  by simple control action .If the energy storage deviceis connected then that id 
very helpful for transmitting the real power. Without energy storage device the transmission of 
the real power is not so efficient.                                                                                                         

 

 

 

 

 

 

Fig.1 Basic configuration of SSSC with Energy source 

The SSSC control methodology 
The SSSC with two voltage source converters with the series transformers. The converters are 
connected in series with transmission line through the two winding transformers. The switching of 
the SSSC is synchronized with transmission line current Iline.   The value of the Ilinecan be controlled 
by the phase shift α Ilinecurrent and the output voltage of the SSSC denoted by Vpq .                            
The change in the phase shift  between output voltage of SSSC and the line current results in 
change in the output voltage of the SSSC (VSSSC  ) [7]. Then the magnitude of the line current 
changes .The output voltage (VSSSC   ) can be controlled by the simple closed loop circuit. 
FromFig.2                                                                                                                                                

 

 

 

 

 

 

Fig 2 Transformer configurations of 12-Pulse SSSC. 
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Simply we have to compare the value of the measured line current and the actual line current 
values in per unit. The error is then passed through the PI controller, the output of the PI controller 
isthe angle α [8].Depending upon the angle α ,an angle –π/2 to +π/2 has to be added in the since the 
SSSC output is lagging or leading the line current by 900  Depending upon the desiredinductive and 
the capacitive operation. Depending on the output of the SSSC the real power is taken from the line 
or injected in line there by changing the value of the DC capacitor. Fig.3 illustrates the details of 
control circuit for the SSSC.                                                                                                                    

. 

 

 

 

 

 

 

Fig.3 Functional control diagram for phase controlledSSSC 

Chopper control for the SMES 
 
SMES is the energy storage device which is highly efficient which has not moving part .The energy 
burststaking place due to this SMES so that is very beneficial as per as the power quality 
cosidaration.The chopper is needed when VSI and energy storage device are connected.Two 
quadrant 3 phase DC to DC converter is as shown in fig.4  [9].The DC –DC chopper reduce the 
power rating capacity of the super conducting coil to the SSSC.The chopper consists of the diode or 
the thyristors that permit the high current .The storage, charging, and discharging are the three 
modes of operation of the chopper. The storage is present in the SMES device. The thyristors ‘b’ 
kept on all the time while ‘a’ is operated on theOnce the superconducting coil is charged then DC-
DC converter changed to the standby mode for that set of thyristors “a” are kept off all the time 
while the set of thyristors “b” are kept on constantly. In discharge mode The set of thyristors “b” is 
operated with duty cycle D while the set of thyristors “a” is kept off at all times.so the DC bus 
voltage equation is given by the                                                                                                              

 
 

VSMES = D * Vdc…………..1) 
VSMES = (1-D) * Vdc……….2) 

The duty cycle ranges from 0 to 1. 
Vdc = Ka | Vinv |………..3) 

Where               Ka=K*a, K= Pulse number, a = Ratio of the coupling transformer 
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Fig.4.Circuit diagram for Chopper 

 
RESULT AND DISCUSSION 

 
Test System 

 

 

 

 

 

 

 

 

 

 

 

 

Fig.5 Test system for voltage stability Enhancement 

From fig.6 It is analyzed with two cases (a) and (b), Case (a) is discussed with SSSC and case (b) 
without SMES  is analyzed with SSSC with SMES. In the test system the three phase fault is 
simulated and the test results are obtained for the voltage and current and the results are analyzed 
for with and without SMES.                                                                                                                   
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Fig.6 .Simulation result with SMES 

 
From fig.6, it is clear that,at the voltage stability increase in case (b) compare with case (a). settling 
time for test system with fault, case (a) and case (b) are 0.125sec, 0.045sec and 0.035sec 
respectively. From this, we observe settling time for case (b) is minimum.Simulation output of 
current for the test system with fault and both cases output is shown in Fig. 6. Settling time of 
current for test system with fault is 0.385sec, for case (a) 0.105sec, for case (b) 0.04sec 
correspondingly. 

 

 

 

 

 

 

 

Fig.7  Simulation result without SMES 
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CONCLUSION   
 

 
The dynamic performance of the SSSC with and without SMES for the test system are analysed 
withMatlab/simulink.SMES with two quadrant chopper control plays an important role in real 
power exchange. SSSC with and without has been developed to improve transient stability 
performance of the power system.It is inferred from the results that the SSSC with SMES is very 
efficient in transient stability enhancement and effective in damping power oscillations and to 
maintain power flow through transmission lines after the disturbances. 
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