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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 

very effective in a transmission network for better 

utilization of its existing facilities without sacrificing the 

desired stability margin. FACTS such as Static 

Synchronous Compensator (STATCOM), employ the 

latest technology of power electronic switching devices in 

electric power transmission systems to control voltage 

and power flow. The STATCOM adjusts voltage at its 

terminal by managing the amount of reactive power 

injected into or absorbed from the power supply. When 

the system voltage is low, STATCOM creates reactive 

power; when the system voltage is high, STATCOM 

absorbs reactive power. In this paper STATCOM 

controllers are designed for improving transient stability 

of multi machine systems. Proposed controllers are 

implemented under MATLAB/SIMULNK environment. 

Results of PI based controllers installed with multi 

machine system is found to be better on comparison with 

conventional system. 
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I. INTRODUCTION 

Modern electric power system is facing many challenges 

due to day by day increasing complexity in their operation 

and structure. In the recent past, one of the problems that got 

wide attention is the power system instability. With the lack 

of new generation and transmission facilities and over 

exploitation of the existing facilities geared by increase in 

load demand make these types of problems more imminent 

in modern power systems. Demand of electrical power is 

continuously rising at a very high rate due to rapid industrial 

development. 

To meet this demand, it is essential to raise the transmitted 

power along with the existing transmission facilities. So, 

the requirement for power flow regulation in electrical 

power systems is obvious. With increased transmission line 

loads, the problem of transient stability following a 

catastrophic failure might become a transmission power 

limiting factor. The power system should be adaptable to 

changing system circumstances; in other words, it should be 

flexible. In an ac power system, the electrical generation and 

load must balance at all times up to some extent, the power 

system is self-regulating. When the generation is less than 

the load, the voltage and frequency fall, and the load falls to 

match the generation minus transmission losses. But there 

are only a few percent margins for such a self-regulation. 

Hence there is chance of system collapse. Generator 

excitation controller with only excitation control can 

improve transient stability for minor faults but it is not 

sufficient to maintain stability of system for large faults 

occur near to generator terminals. Thus, this requires a 

review of traditional methods and the creation of new 

concepts that emphasize a more efficient use of already 

existing power system resources without reduction in 

system stability and security. 

 

II. STATIC SYNCHRONOUS COMPENSATOR 

(STATCOM) 

Direct current always has one polarity in a current source 

converter, and power reversal occurs through reversal of dc 

voltage polarity in a voltage source converter, whereas dc 



International Journal of Engineering Applied Sciences and Technology, 2024 
Vol. 9, Issue 04, ISSN No. 2455-2143, Pages 80-86 

Published Online August 2024 in IJEAST (http://www.ijeast.com) 
 

81 

voltage always has one polarity in a voltage source 

converter, and power reversal occurs through reversal of dc 

current polarity. The power semiconductor devices used in 

current source converters require bidirectional voltage 

blocking capability, and in order to achieve this, an 

additional diode must be connected in series with a 

semiconductor switch, increasing the system cost and 

making it more expensive than voltage source converters. In 

high power applications, voltage source converters can 

function more efficiently. 

Because of the above reasons Voltage source converter is 

Preferred over Current source converter and now these days 

it act as a basic electronic block of a STATCOM that 

converts a dc voltage at its input terminals into a three-phase 

set of ac voltages at fundamental frequency with 

controllable magnitude and phase angle. 

In STATCOM different technologies used dependent upon 

the power ratings of STATCOM. For higher power 

STATCOMs GTO based technologies are used while for 

lower power STATCOMs IGBT based technologies used. 

 

III. METHODOLOGY: MODELLING OF STATCOM 

III.I  Modelling of Self Excited Induction generator (SEIG) 

In the present section a mathematical modelling of SEIG is 

done for the purpose of analyzing its performance. This task 

is achieved with the help generalized theory of machine 

concept. 

Clark’s Transformation 

This transformation is named after the Edith Clarke, an 

Electrical engineer. According to him any time domain 

signal can be transformed from a 3-phase system (ia, ib, ic) 

into balanced 2-phase (iα, iβ) system, as shown in figure 1: 
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Fig 1 Clark’s Transformation 

 

When balanced 3-phase fixed windings and 2-phase 

symmetry windings bring rotating magnetic field Φ value 

and speed to equality, the 3-phase windings equivalent with 

2-phase windings and the condition of the power invariance 

is also satisfied by the respective transformation. In order 

for the transformation to be invertible, a third variable, 

known as the zero-sequence component, is added. The 

resulting transformation is: 

[ αβ ] =   [    ]  ... (1) 

Where f represents voltage, current, flux linkages or electric 

charge,    is transformation matrix given as: 
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The transformed voltage equation can be given as below: 
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Applying Matrix Multiplication, below equations is 

obtained: 

 α  
 

 
    

 

 
 (     ) …. (4) 

 β  
 

 
 (     )  …. (5) 

   
 

 
 (        )  …. (6)  

 

α-axis 

β-axis

A-axis

B-axis

C-axis

ω

 
Fig 2 (a-b-c) to (Alpha-Beta) transformation portrayed by 

trigonometric relation 

 

SEIG Model 

The per unit flux-linkages for the stator and rotor circuits of 

the induction generator described in d- and q- axes are as 

follows: 

   ̇    (         )         …. (7) 

   ̇    (         )         …. (8) 

   ̇    (         )  (     )      

 …. (9) 

   ̇    (         )  (     )      

 …. (10) 

where a synchronous reference frame, rotating at an 

electrical angular speed   , is adopted. The 

electromechanical torque in per unit can be written in terms 

of stator flux linkages and currents as: 

                  …. (11) 

The corresponding torque balance equation is given by: 

  
 ̇  

 

   
(          

 ) …. (12) 

where    is the per unit mechanical torque, and   and    
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are the equivalent inertia constant and the equivalent 

damping constant of the isolated induction generator 

system, respectively. 

 

STATCOM Model 

The three-phase STATCOM model can be described in per 

unit state-space form as follows: 

   ̇   
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 …. (13) 
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 …. (14) 

The per unit dc-side circuit equation is 

   ̇  
 

   
(    

   

   
)  …. (15) 

where    is used to represent the inverter switching loss. 

The instantaneous powers at the ac and dc sides of the VSI 

(Voltage Source Inverter) are equal, giving the following 

power balance equation: 

                    …. (16) 

 

Derivations of Active and Reactive Power 

The instantaneous active and reactive power, through a 

coupling path to the STATCOM, at the load bus can be 

represented as follows: 

                  …. (17) 

                  …. (18) 

Consider a synchronous reference frame where the d-axis is 

chosen to coincide with the load bus voltage vector   . The 

above equations become: 

            …. (19) 

             …. (20) 

 

As Eq. 19 and Eq. 20 show, the d-axis current 

component    , accounts for the instantaneous active power 

and the q-axis current component     , is the instantaneous 

reactive current. Thus, STATCOM control design is 

simplified to a great extent with this reference frame 

because the reactive power(   )controlisonly related to the 

q-axis current [1]. 

 

 

Active and Reactive Current control 

Equation 13 clearly shows that the STATCOM input current 

is induced by its output voltage modulation. Thus, even Eq. 

20 concludes that the reactive power can be directly 

controlled using the reactive current the control coupling 

with the active current still persists in reality. To obtain a 

decouple - like control for the reactive and active current, 

Eq. 13 and Eq. 14 can be modified as: 
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where the cross-coupling terms      and        in Eq. 12 

and Eq. 13 are collected by the control actions  and   , 

respectively. 
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Equation 23 shows that an increased active current is 

induced following the transient increase in  . This is also 

true for the reactive current in Eq. 24. Based on these 

principles, the control actions and can be expressed as 
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Where Proportional - Integral regulators are used to control 

the STATCOM currents. Once the control actions     

and     are determined, the STATCOM output voltage 

commands   
 and    

  in Eq. 26 and Eq. 26 can be rearranged 

as: 

  
                …. (27) 

  
             …. (28) 

The basic control structure for the STATCOM is detailed in 

Fig. 3. Since STATCOM control is based on the VSI 

scheme, the STATCOM output voltage commands can be 

rebuilt by virtue of Eq. 27 and Eq. 28. 
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Fig. 3 Basic Control Scheme of STATCOM 

 

In addition, from the fact that Eq.27 and Eq. 28 tell the 

STATCOM active and reactive power control apart from the 

STATCOM currents (    and    ), the active current 

command    
  , accounting for the dc voltage regulation, can 

be generated directly using a PI controller with the dc-link 

voltage deviation as the input. 
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IV. RESULTS AND DISCUSSION 

IV.I Multi Machine Systems 

Figure 4 shows single line diagram of two area system (area 

1 & area 2). Area1 connected to Area 2 through 500 kV, 

455 km transmission line. 

 

 
1Fig.4 Single Line Diagram of Two Area Interconnected 

System 

 

All plants fed to a load center, modelled by 500 MW 

resistive load. In order to maintain system stability Static 

synchronous compensator of 100 MVA is connected to 

transmission line. By connecting it the power transfers 

capability of system increases significantly. 

 

IV.II Simulation Model of Multi Machine System 

Simulink Model of multi machine system installed with 

STATCOM controllers are shown in Figure. Each machine 

equipped with a Governor, excitation system and Power 

system stabilizer. All machine connected through a 500 kV, 

455 km long transmission line. Resistive load of 500 MW 

connected on Machines. GTO based STATCOM having 

rating of 100 MVA connected to transmissionline. 

 

 
Figure 5simulation model of two machine system installed 

with STATCOM Controller 

IV.III. SIMULATIONRESULTS 

  A. System without STATCOM 

 
Figure 6 Vasec vs Va vs Ia with time 

 
Figure 7 Load angle with time 

 

 
Figure 8 Reactive Power with time 

 
Figure 9 Vdc  with time 
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Figure 5.7 Vmeas vs Vref with time 

 

B. System installed with PI based STATCOM 

Now System is installed with PI based STATCOM System 

becomes stable after some time as shown in Figure 10 and 

Figure 11. Response of different parameters of STATCOM 

is shown in Figure 12 to Figure14. 

 

 
Figure 10 V asec vs Va vs Ia with time 

 

 
Figure 11 Load angle with time 

 

 
Figure 12 Reactive Power with time 

 
2Figure 13 Vdc with time 

 

 
Figure 14 Vmeas vs Vref with time 

 

V. CONCLUSION 

In this work, dynamic behavior of multi machine system 

installed with STATCOM is investigated. PI based 

STATCOM controller are design to improve the transient 

stability of the given system. PI based STATCOM 

controller, error i.e. difference of Vmeas and Vref and its 

derivative are taken as input parameters for voltage 

regulator similarly for current regulator difference of Iq and 

Iq_ref and its derivative are taken as input while Kp  and Ki 

are taken as output parameters. Proposed  controllers are 

implemented using  

 

MATLAB/SIMULINK. PI based STATCOM controller is 

compared with non-STATCOM controller. Simulation 

results indicate that the STATCOM controller installed with 

multi machine system provides better damping 

characteristics as compared to non- STATCOM controller 

model and provides improved transient stability.  
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