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Abstract 

Transmission networks of modern power systems are 
becoming increasingly stressed because of growing demand 
and restrictions on building new lines. One of the 
consequences of such a stressed system is the threat of losing 
stability following a disturbance. Flexible ac transmission 
system (FACTS) devices are found to be every effective in 
stressing a transmission network for better utilization of its 
existing facilities without sacrificing the desired stability 
margin. Flexible AC Transmission System (FACTS) 
controllers, such as Thyristor Controlled Series Compensator 
(TCSC), employ the latest technology of power electronic 
switching devices in electric power transmission systems to 
control voltage and power flow, and play an important role as 
a stability aid for and transient disturbances in an 
interconnected power systems.  
Keywords: FACTS, TCSC, FSC, PGCIL, SMIB. 
        
1. Introduction 
 
       Flexible AC Transmission System (FACTS) 
controllers, based on the rapid development of power 
electronics technology, have been proposed in recent 
years for better utilization of existing transmission 
facilities.  With the development of FACTS technique, 
it becomes possible to increase the power flow 
controllability and enhance power system’s stability.  
Recently, Flexible Alternative Current Transmission 
System (FACTS) controllers have been proposed to 
enhance the transient or dynamic stability of power 
systems. During the last decade, a number of control 
devices under the term FACTS technology have been 
proposed and implemented. Application of FACTS 
devices in power systems, leads to better performance 
of system in many aspects. Voltage stability, voltage 
regulation and power system stability, damping can be 
improved by using these devices and their proper 
control. 
      There are various forms of FACTS devices, some 
of which are connected in series with a line and the 
others are connected in shunt or a combination of series 
and shunt. The FACTS technology is not a single high 

power controller but rather a collection of controllers 
which can be applied individually or in coordination 
with other to control one or more of the inter related 
system parameters like voltage, current, impedance, 
phase angle and damping of oscillations at various 
frequencies below the rated frequency.   
There was greater need for the alternative technology 
made of solid state devices with fast response 
characteristics. The need was further fuelled by 
worldwide restructuring of electric utilities, increasing 
environmental and efficiency regulations and difficulty 
in getting permit and right of way for the construction 
of overhead transmission lines.  
This, together with the invention of Thyristor switch 
(semiconductor device), opened the door for the 
development of power electronics devices known as 
Flexible AC Transmission Systems (FACTS) 
controllers. The path from historical Thyristor based 
FACTS controllers to modern state-of-the-art voltage 
source converters based FACTS controllers, was made 
possible due to rapid advances in high power 
semiconductors devices [8].  
     Power system stability is a complex subject that has 
challenged power system engineers for many years. 
Power system stability may be defined as that property 
of a power system that enables it to remain in a state of 
operating equilibrium under normal operating 
conditions and to regain an acceptable state of 
equilibrium after being subjected to a disturbance. The 
tendency of a power system to develop restoring forces 
equal to or greater than the disturbing forces to 
maintain the state of equilibrium is known as stability. 
If the forces tending to hold machines in synchronism 
with one another are sufficient to overcome the 
disturbing forces, the system is said to remain stable. 
Conversely, instability means a condition denoting loss 
of synchronism or falling out of step. Stability 
considerations have been recognized as an essential 
part of power system planning for a long time. With 
interconnected systems continually growing in size and 
extending over vast geographical regions, it is 
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becoming increasingly more difficult to maintain 
synchronism between various parts of a power system. 
For analysis of stability problems are classified into 
three basic types – steady state stability, dynamic 
stability and transient stability.  
    TCSC (Thyristor Controlled Series Capacitor) is an 
important FACTS device that enhances the power 
delivery capability and improves the system stability. 
India’s first series compensation scheme on 400KV ac 
line is installed at Ballabhgarh substation of Power 
Grid Corporation of India Limited (PGCIL) on the 
Kanpur- Ballabhgarh 400km long single circuit ac line. 
The project is implemented in two phases. In phase-I, 
Fixed Series Compensation (FSC) has been installed. 
The FSC consists of two capacitor banks of 27% and 
8% providing 35% compensation to the line. The FSC 
scheme is already in operation. In phase-II, the 8% 
compensation is made variable up to 20% by TCSC, 
which is formed by parallel connection of TCR. The 
variable portion of the phase-II was test commissioned 
recently and is in the process of being put into 
continuous-operation.  
    TCSC is a later member of the first generation of 
FACTS devices, that uses silicon controlled rectifiers 
to manage a capacitor bank connected in series with a 
line. TCSC allows utility to transfer more power 
further on a particular line. The fundamental principle 
of a TCSC installed in a power system network 
consists of Thyristor switches may be used for shorting 
capacitors. 
  Hence, they find application in step changes of series 
compensation of transmission lines. A blocked 
thyristor switch connected across a series capacitor 
introduces the capacitor in line, whereas a fully 
conducting thyristor switch removes it. In reality, this 
step control can be smoothed by connecting an 
appropriately dimensioned reactor in series with the 
thyristor switch. This application of thyristor switches 
creates the thyristor-controlled series capacitor FACTS 
controller.  
  Series compensation has been utilized for many years 
with excellent results in AC power transmission in a 
number of countries all over the world [5]. The 
usefulness of the concept can be demonstrated by well-
known expressions Equation (1) and Equation (2) 
relating to active power transfer and voltage. 
 
P= V1 V2  sin (δ)/X;          -(1) 
 
Q= f(P,Q);                        -(2)  
 
 Here, V1 and V2 denote the voltages at either end of 
the interconnection; (δ) denotes the angular difference 
of the said voltages. X is the reactance of the 
transmission circuit, while P and Q denote the active 
and reactive power flow. From Eq. (1) it is evident that 
the flow of active power can be increased by 
decreasing the effective series reactance of the line. 
Similarly it is demonstrated that by introducing a 

capacitive reactance in the denominator of Eq. (1), it is 
possible to achieve a decrease of the angular separation 
with power transmission capability unaffected, i.e. an 
increase of the angular stability of the link. The 
influencing of transmission reactance by means of 
series compensation also opens up for optimizing of 
load sharing between parallel circuits, thereby bringing 
about an increase in overall power transmission 
capacity again.  
 

2. Working of TCSC 
 
 TCSC is one of the most important and best known 
FACTS devices, which has been in use for many years 
to increase line power transfer as well as to enhance 
system stability. The main circuit of a TCSC is shown 
in Fig. 1. The TCSC consists of three main 
components: capacitor bank C, bypass inductor L and 
bidirectional thyristors SCR1 and SCR2. The firing 
angles of the thyristors are controlled to adjust the 
TCSC reactance in accordance with a system control 
algorithm, normally in response to some system 
parameter variations. According to the variation of the 
thyristor firing angle or conduction angle, this process 
can be modelled as a fast switch between 
corresponding reactance offered to the power system. 
When the thyristors are fired, the TCSC can be 
mathematically described as follows:-  
 
 Ic = C dv/dt                          -(3) 
 
  V= L dIL/dt                        -(4)  
 
  Is = Ic + IL                                                -(5)   
 
where IC and IL are the instantaneous values of the 
currents in the capacitor banks and inductor, 
respectively; Is  the instantaneous current of the 
controlled transmission line; v is the instantaneous 
voltage across the TCSC. Assuming that the total 
current passing through the TCSC is sinusoidal; the 
equivalent reactance at the fundamental frequency can 
be represented as a variable reactance XTCSC. The 
TCSC can be controlled to work either in the capacitive 
or the inductive zones avoiding steady state resonance. 
    
This mode is called venire control mode. There exists a 
steady-state relationship between the firing angle α and 
the reactance XTCSC. This relationship can be 
described by the following equation:- 
 
 Xtcsc(α)= Xc    Xc2          2β sin β   + 4 Xc2   
                        (Xc – Xp)       π         (Xc – Xp)    
 
Cos2 β   + k tan kβ tanβ                                             

      
  k2 - 1                       

π 
                                                                                -(6) 
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Where, 
XC = Nominal reactance of the fixed capacitor C. 
Xp = Inductive reactance of inductor L connected in 
parallel with C. 
β = 2(π − α) = Conduction angle of TCSC controller. 
K= Xc /Xp ; Compensation Ratio. 
 
 
 
 

 
                  

Figure-1:- Configuration Of TCSC 

     
 

3. Transient stability Studies of Single 
Machine Infinite Bus System (SMIB) 
 
The dynamics of a single synchronous machine connected to 
infinite bus system is governed by non- linear differential 
equation. 
 
 
M d2∂/dt 2     =Pm-Pe          - (1) 

Pe=Pmax sin(∂)   -(2)  

Substuting equation (2) in equation (1) 

 Md2 ∂/ dt2 =Pm-Pmax sin(∂)  -(3) 

 Where, M=Moment of inertia in MJ-s/elec rad. 
 Pm=Mechanical power input  in watts (W) or 
 kilowatts (KW). 
 Pe= Electrical  power output in watta (W) or 
 kilowatts (KW). 
 Pmax= Maximum power in watts (W) or 
 kilowatts (KW). 
 ∂ = Power Angle in degrees. 
 

  
 

Assumptions:- 
 
 

a) Transmission line as well as synchronous machine 
resistance is ignored. 

b) Damping term contributed by synchronous 
machine damper winding is ignored.  

c) Rotor speed is assumed to be synchronous; in fact 
it varies insignificantly during the course of the 
stability transient. 

d) Mechanical input power of the machine is assumed 
to remain constant. 

e) Voltage behind transient reactance is assumed to 
remain constant. 

f) Shunt capacitances are ignored. 
g) Loads are modeled as constant admittances. 

 
 

3.1 Point by Point Method for Simulation. 
 
 

It is always required to know the critical clearing time 
corresponding to critical clearing angle so as to design the 
operating times of the relay and circuit breaker so that time 
taken by them should be less than the critical clearing time 
for stable operation of the system. So the point-by-point 
method is used for the solution of critical clearing time 
associated with critical clearing angle and also for the 
solution of multi machine system. The step-by-step or point-
by-point method is the conventional, approximate but proven 
method. This involves the calculation of the rotor angle as 
time is incremented.  

 
 

 

 
 
 

Figure:-2 Point By Point Solution of Swing 
Equation 

 
 
 
 
 

 
 

Figure:-3 Single Machine Infinite Bus     
System 

 
 
 

The accuracy of the solution depends upon the time 
increment used in the analysis. 
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3.1.1 Simulation Results of SMIB without TCSC 

 
 
 

 
 
     

Figure: - 4 Plot of Power Angle ‘δ’ with 
time‘t’ 

 
With clearing time ‘tc’ chosen are 0.05, 0.125, 
0.4 seconds respectively. 
 

 
3.1.2 Simulation Results of SMIB with TCSC 
Controller                      
 

 
 

Figure: - 5 Plot of Power Angle ‘δ’ with time‘t’ 
 
 
Plot of power angle ∂ with time‘t’ with different fault 
clearing times (tc). 
 

 
 
       

Figure: - 6 Plot of Power Angle ‘δ’ with time‘t’  
 
 

 
   

Figure: - 7 Plot of Power Angle ‘δ’ with time‘t’ 
 
 

 
 
      Figure: - 8 Plot of Power Angle ‘δ’ with time ‘t’. 
 

4. Multi-machine Power System 
 
      The transient stability analysis of multi-machine bus 
system (five-bus system network) is carried out with different 
clearing times (tc) with the given generator system data; 
assume base 100 MVA and 220 KV. The three phase fault is 
assumed to be occurred near to Bus-4 as shown in figure:- 9. 
 
 
 

 
 
 

Figure: - 9 Multi-machine Power System Network 
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4.1 Simulation Results of Multi-machine power 
system network Without TCSC. With clearing 
time ‘tc’ chosen is 0.275, 0.08 seconds 
respectively,  

For generator No:-1 
 

 
 

Figure: - 10 Plot of Power Angle ‘δ’ with time‘t’ 
 

Generator No:-2 
 

 
 
          Figure: - 11 Plot of Power Angle ‘δ’ with time‘t’  

 
 
4.1.1 Simulation results With TCSC controller 
connected across Bus No: - 41 
 
 

Generator No:-1 
 

 
 

Figure: - 12 Plot of Power Angle ‘δ’ with time‘t’ 
 
 

Generator No:-2 
 

 
 

Figure: - 13 Plot of Power Angle ‘δ’ with time‘t’  
 
 
 
4.1.2 Simulation results With TCSC controller 
connected across Bus No: - 51 
 

Generator No:-1 
 

 
 

Figure: - 14 Plot of Power Angle ‘δ’ with time‘t’  

 
 
 
    

Generator No:-2 
 

 
 

Figure: - 15 Plot of Power Angle ‘δ’ with time‘t’  
 
 
    
 

5. Applications of TCSC Controller 
    
Use of thyristor control in series capacitors potentially 
offers the following applications:- 
 
1. Rapid, continuous control of the transmission-line 
series- compensation level. 
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2. Dynamic control of power flow in selected 
transmission lines within the network to enable optimal 
power-flow conditions and prevent the loop  flow of 
power. 
3. Damping of the power swings from local and inter-
area oscillations. 
4. Suppression of sub-synchronous oscillations. At sub-
synchronous frequencies the TCSC presents an 
inherently resistive–inductive reactance. The sub-
synchronous oscillations cannot be sustained in this 
situation and consequently    get damped. 
5. Decreasing dc-offset voltages. The dc-offset 
voltages, invariably resulting from   the insertion of 
series capacitors, can be made to decay very quickly 
(within a   few cycles) from the firing control of the 
TCSC thyristors. 
6. Enhanced level of protection for series capacitors. A 
fast bypass of the series capacitors can be achieved 
through thyristor control when large over-voltages 
develop across capacitors following faults. Likewise, 
the capacitors    can be quickly re-inserted by thyristor 
action after fault clearing to aid in system stabilization. 
7. The TCSC, in conjunction with series capacitors, can 
generate reactive power that increases with line 
loading, thereby aiding the regulation of local network 
voltages and, in addition, the alleviation of any voltage 
instability. 
8. Reduction of the short-circuit current. During events 
of high short-circuit current, the TCSC can switch from 
the controllable-capacitance to the controllable-
inductance mode, thereby restricting the short-circuit 
currents.   
 

6. Conclusions 
 
   This paper addresses the effect of TCSC for 
improving transient stability of the single-machine and 
multi-machine power system is investigated in terms of 
the fault clearing time. The TCSC is used to control 
power flow in power system by providing series 
compensation in the transmission line. Computer 
simulation results show that TCSC not only 
considerably improves transient stability but also 
compensates the series line reactance. Therefore TCSC 
can increase reliability and capability of AC 
transmission system, thus increasing the voltage 
stability. It is also found that the best possible location 
of the TCSC for transient stability improvement is not 
fixed for the five-bus system; rather it varies depending 
on the placement of the TCSC device on the 
transmission line.  
 
    It is quite clear that before compensating a power 
system with FACTS device to improve transient 
stability, we need to assess the system stability 
conditions for different locations of the TCSC device 
and the compensator and also with different amounts of 
compensation. The proposed work is also analyzed for 
different fault clearing times. 
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