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Introduction 
The SVC is a shunt device of the FACTS family 

using power electronics to control power flow and 

improve transient stability on power grids. The SVC 

has been used for reactive power compensation since 

the mid 1970, firstly for arc furnace flicker 

compensation and then in power transmission 

systems. One of the first 40 Mvar SVC was installed 

at the Shannon Substation of the Minnesota Power 

and Light system in 1978. The SVC results in the 

following benefits (Xiao-Ping, et al., 2006): voltage 

support, and regulation; transient stability 

improvement, power system oscillation damping; 

reactive power compensation; power transfer 

capacity increase and line loss minimization.

Controlled reactive compensation in electric power 

system is usually achieved with the following 

configuration corridors: thyristor controlled 

reactor(TCR), fixed capacitor (FC), thyristor

switched capacitor/reactor (TSC/TSR) and 

mechanical switched capacitor/reactor SVC.

thesis, we are discussing TCR/TSR SVC combination 

and its control system shown in Figure (Boudjella, 

2008; Noroozian, 1996). The output of the 

compensator is controlled in steps by sequentially 

switching of TCRs and TSCs. By stepwise switching 

of reactors rather than continuous control, the need 

for harmonics filtering as part of the compensator 

scheme is eliminated. 
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The present paper deals with SVC application studies require 

methods covering the particular problems to be solved by the SVC application. The following studies normally 

are required for an SVC application from the early planning stage till operation
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system is usually achieved with the following 

configuration corridors: thyristor controlled 

reactor(TCR), fixed capacitor (FC), thyristor 

switched capacitor/reactor (TSC/TSR) and 

mechanical switched capacitor/reactor SVC. In this 

thesis, we are discussing TCR/TSR SVC combination 

and its control system shown in Figure (Boudjella, 

2008; Noroozian, 1996). The output of the 

olled in steps by sequentially 

switching of TCRs and TSCs. By stepwise switching 

of reactors rather than continuous control, the need 

for harmonics filtering as part of the compensator 

 

Fig.: Single-line Diagram of an SVC and Its 

Control system.

 

 
SVC Mathematical Model with Mathcad
The following example shows how the parameters of 

the SVC can be determined.  

 

Assume the SVC comprising of one 109

bank and three 94Mvar TSC banks connected to the 

735 kV bus via a333 MVA, 735/16 kV transformer 

on the secondary side with the leakage reactance of 

the transformer (Xk=15%).  

 

The voltage droop of the regulator

(0.03pu/300 VA). When the SVC operating point 

changes from fully capacitive to fully inductive, the 

SVC voltage varies between 1 - 

1+ 0.01 = 1.01 p.u (Boudjella, 2008;Noroozian, 

1996). 

 

The SVC rating is as follows: 

QTSC= 3.94Mvar,  QTCR=109Mvar,

 

a) At rated line-to-line voltage Urated, the nominal 

inductive and capacitive currents of SVC referred to 

primary side are determined as follows:
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SVC application studies require appropriate power system models and study 

methods covering the particular problems to be solved by the SVC application. The following studies normally 

are required for an SVC application from the early planning stage till operation. 

STATIC VAR COMPENSATOR (SVC) 

line Diagram of an SVC and Its 

Control system. 

SVC Mathematical Model with Mathcad 
The following example shows how the parameters of 

Assume the SVC comprising of one 109-Mvar TCR 

bank and three 94Mvar TSC banks connected to the 

735 kV bus via a333 MVA, 735/16 kV transformer 

on the secondary side with the leakage reactance of 

The voltage droop of the regulator is0.01pu/100VA 

(0.03pu/300 VA). When the SVC operating point 

changes from fully capacitive to fully inductive, the 

 0.03 =0.97 p.u and 

1+ 0.01 = 1.01 p.u (Boudjella, 2008;Noroozian, 

=109Mvar, 

line voltage Urated, the nominal 

inductive and capacitive currents of SVC referred to 

primary side are determined as follows: 
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c) At the minimum line-to-line voltage U

kV 

 

The reactive of the TCR and TSC are calculated as

 

SVC V-I Characteristics 
The steady-state and dynamic characteristics of SVCs 

describe the variation of SVC bus voltage with SVC 

current or reactive power, Fig.2 illustrates the 

terminal voltage-SVC current characteristic w

specific slope (Boudjella, 2008; Acha, et al., 1996).

 

The regulation slope allows: 

• To extend the linear operating range of the 

compensator. 

• To improve the stability of the voltage 

regulation loop. 
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line voltage Umin = 712.95 

 

TCR and TSC are calculated as 

 

state and dynamic characteristics of SVCs 

describe the variation of SVC bus voltage with SVC 

current or reactive power, Fig.2 illustrates the 

SVC current characteristic with 

specific slope (Boudjella, 2008; Acha, et al., 1996). 

 

To extend the linear operating range of the 

To improve the stability of the voltage 

• To enforce automatic load sharing between 

static var compensator as well as other 

voltage regulation devices.

 

The V-I characteristic is described by the following 

three equations: 

                                           SVC is in regulation rang

 

 

SVC is fully capacitive B = BC max

 
 

SVC is fully inductive B = B L max

The voltage at which SVC neither absorbs nor 

generates reactive power is the reference voltage V

see in figure. In practical this voltage can adjusted 

within the typical range of ±10%. The slope of the 

characteristics reflects a change in voltage with 

compensator current and, therefore can be considered 

as slope reactance XSL, resulting the SVC response 

to the voltage variation and is then

Fig.: SVC steady-state control characteristics.

 

Modeling of Static Var Compens
System Studies 
SVC application studies require appropriate power 

system models and study methods covering the 

particular problems to be solved by the SVC 

application. The following studies normally are 

required for an SVC application from the

planning stage till operation (Acha, et al., 2004;

C.E.Lin, et al., 1988; Lakdja, 2005).

1. Load flow studies. 

2. Small and large disturbance studies.

3. Harmonic studies. 

4. Electromagnetic transient studies.

5. Fault studies. 

 

To enforce automatic load sharing between 

compensator as well as other 

voltage regulation devices. 

I characteristic is described by the following 

SVC is in regulation rang 

 

max 

max 

The voltage at which SVC neither absorbs nor 

generates reactive power is the reference voltage Vref 

see in figure. In practical this voltage can adjusted 

within the typical range of ±10%. The slope of the 

reflects a change in voltage with 

compensator current and, therefore can be considered 

as slope reactance XSL, resulting the SVC response 

to the voltage variation and is then 

 
state control characteristics. 

Modeling of Static Var Compensator in Power 

SVC application studies require appropriate power 

system models and study methods covering the 

particular problems to be solved by the SVC 

application. The following studies normally are 

required for an SVC application from the early 

planning stage till operation (Acha, et al., 2004; 

C.E.Lin, et al., 1988; Lakdja, 2005). 

Small and large disturbance studies. 

Electromagnetic transient studies. 
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Model for Load Flow Analysis 
The main objective of load flow analyses is to 

determine the node voltages reactive and active 

power flow in the network branches, generations and 

loss. The power flow studies related to SVC 

applications are (Acha, et al., 2002; Chi, et al., 1992; 

Noroozian, 1996): 

1. Determine the location and preliminary rating of 

the SVC. 

2. To render information on the effects of the SVC 

on the system voltages and power flows. 

3. To provide the initial condition for system 

transient analysis. 

4. And operating boundaries likewise inside or 

outside control range. 
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