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Abstract— The fast development of power electronic 

technology has made Flexible AC Transmission system 

(FACTS) a promising for power system performance 

enhancement. There are several problems associated with 

power transmission network expansion, like unbalanced 

voltages leads to instability. Voltage unbalances can be 

caused by unbalanced loads in the power system, while 

severe short term unbalanced voltages can be caused by 

power system faults. For overcome the problems of the 

voltage unbalance there is need of voltage source static var 

compensators such as static synchronous compensators 

(STATCOM).In this paper study of STATCOM controls for 

improving voltage stability.  
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I. INTRODUCTION 

Voltage stability is the ability of a system to maintain steady 

acceptable voltages at all the buses in the system at all 

conditions. The ability to transfer reactive power from 

production source to consumption areas during steady-state 

operating conditions is a major problem of voltage stability. 

A system mainly enters a state of voltage instability when a 

disturbance, increase in load demand, or change in system 

condition cause a progressive and uncontrollable decline in 

voltage. This situation of Voltage instability can be avoided 

by: (a) appropriate load shedding on the consumer network; 

(b) on load tap changers; (c) adequate reactive compensation 

(series and/or shunt). Therefore, the key contributing factor 

in voltage collapse is the rapid and progressive loss of voltage 

controllability due to reactive limit violations. 

The STATCOMs may be combined with 

mechanically switched Reactors &Capacitors controlled by 

STATCOM controller. The STATCOM would be primarily 

for dynamic compensation while the mechanically switched 

reactors / capacitors would be for reactive compensation 

under steady state. Voltage imbalance also causes a problem 

for the Statcom. As shown in figure 1, the Statcom basic 

structure, STATCOM is connected to power system by 

control system. PCC is the point of common coupling .When 

the system voltage, Vs, is unbalanced, negative sequence 

currents can flow into the compensator limited only by the 

Statcom reactance, Xc. 

 
Fig. 1: Statcom basic structure 

IL is load current, Vdc is DC capacitor voltage. Prior 

Statcom work has indicated the existence of problems caused 

by imbalance. In severe imbalance forces the Statcom 

converter into standby mode, where GTO firing is blocked. 

This is done to prevent excessive ripple current in the dc bus 

capacitor. 

Excitation systems with high gain and fast response 

times greatly aid transient stability (synchronizing torque), 

but can also reduce small signal stability (damping 

torque).  Power system stabilizer (PSS) control provides a 

positive contribution by damping generator rotor angle 

swings, which are in a broad range of frequencies in the 

power system, which controls the voltage. 

 
Fig. 4: Power system stabilizer. 

II. STATIC SYNCHRONOUS COMPENSATORS 

A Static Synchronous Compensator (STATCOM) is a 

voltage source converter (VSC)-based device, with the 

voltage source behind a reactor. The voltage source is created 

from a DC capacitor and therefore a STATCOM has very 

little active power capability. The reactive power at the 

terminals of the STATCOM depends on the amplitude of the 

voltage source. For example, if the terminal voltage of the 

VSC is higher than the AC voltage at the point of connection, 

the STATCOM generates reactive current; on the other hand, 

when the amplitude of the voltage source is lower than the 

AC voltage, it absorbs reactive power. The response time of 

a STATCOM is shorter than that of an SVC, mainly due to 

the fast switching times provided by the IGBTs of the voltage 

source converter. The STATCOM also provides better 

reactive power support at low AC voltages than an SVC, 

since the reactive power from a STATCOM decreases 

linearly with the AC voltage (as the current can be maintained 

at the rated value even down to low AC voltage). 

 
Fig. 2: STATCOM Principal Diagram 
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Fig. 3: Statcom Single line Diagram. 

III. REACTIVE POWER COMPENSATION 

AC power can be of Active power or Reactive power, that 

type of power may be absorb or supply by the power system 

components. Active power is also called as real power is the 

true power given to any load. Reactive power is the imaginary 

power, which does not do any useful work but simply moves 

back and forth in the power system lines. It is a byproduct of 

AC systems and produced from inductive and capacitive 

loads. It exists when there is phase displacement between 

voltage and current. Reactive power is measured in units of 

volt-ampere reactive (VAR). Reactive power is temporarily 

stored in the form of electric or magnetic fields that flows 

back and forth due to capacitive and inductive components. 

Reactive power can be generated as well as absorbed by 

power transmission system elements by virtue of shunt 

susceptance and series reactance respectively. Capacitor and 

inductor both provide reactive power therefore we use them 

in reactive power compensation. Load demand always 

changes, and most of power system equipment are of reactive 

nature and reactive power can be compensated by the voltage 

control. 

It has its origin in phase shift, if current through a 

device lags the voltage, then the device consumes reactive 

power. Depending on the phase shift between the voltage and 

current, the amount of reactive power consumption of the 

device is decided. Since the reactive power is simply moving 

back and forth in the line (transmission line or any other 

conductor), it acts as an additional load. So the reactive power 

is considered for rating of all cables, transformers, switchgear 

and other electrical equipments. This implies that all those 

installations need to be designed for the apparent power 

which considers both active and reactive power. If the 

reactive power exists in excess amounts, it will greatly reduce 

the system power factor and hence lowers the operational 

efficiency. This causes undesirable voltage drops, greater 

conduction losses, excess heating and higher operational 

costs. It is well known that the amount and type (capacitive 

or inductive) of reactive power exchange between the 

STATCOM and the system can be adjusted by controlling the 

magnitude of STATCOM output voltage with respect to that 

of system voltage. The reactive power supplied by the 

STATCOM is given by Equation (1) below, 

 
Where VSTATCOM,, and Vs, are the magnitudes of 

STATCOM 

Output voltage and system voltage respectively and X is the 

Equivalent impedance between STATCOM and the system. 

When Q is positive, the STATCOM supplies reactive power 

To the system. Figure 4 shows the power triangle of reactive 

power compensation which shows relation between the 

apparent powers, true power and reactive power, with 

impedance phase angle. 

 
Fig. 4: Power Triangle 

Reactive power can be expressed as, 

Q = VI sin ϕ                                    (2) 

Q = S sin ϕ                                      (3) 

Q = P tan ϕ                                     (4) 

IV. ADVANTAGES OF STATCOM AND SVC 

The capability of providing maximum compensating current 

at reduced system voltage enables the STATCOM to perform 

in a variety of applications. Reactive power compensation 

provided by STATCOM is more than SVC.STATCOM at 

reduced voltage can still inject Maximum current, whereas 

SVC current capability reduces in proportional to voltage. 

STATCOM overall superior functional characteristics, better 

performance, and greater application flexibility than those 

attainable with SVC. 

V. CONCLUSION 

A STATCOM controller for improving voltage stability is 

introduced. STATCOM controls unbalanced voltage and 

rebalance the system voltage. STATCOM is generally 

expandable and re locatable .Resonance time of STATCOM 

is shorter than that of SVC.STATCOM gives flexibility and 

improves the voltage stability. STATCOM can decrease 

negative sequence voltage. 
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