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Abstract— Voltage stability is one of the most important issues in power system. Voltage sage, voltage swell and 
generation of harmonics that may cause system instability. To compensate all these problems in transmission system 
Static Var Compensator (SVC) is used. The aim of SVC is to maintain the system stability under heavy load condition or 
light load conditions. Due to simplest structure, easy design and low cost, PI controller is used in SVC as voltage regulator in 
most industries. But its drawback is that due to highly nonlinearity, or uncertainty it is not able to control. Hence the 
conventional PI controller is replaced by Fuzzy logic based voltage regulator. Fuzzy logic is new control approach with great 
potential with real time applications. In this paper the performance of SVC with Fuzzy logic controller has been verified 
through simulation studies using MATLAB/Simulink on 132/33/11 kV 30 MVA Tagondaing distribution system. The 
combination of Static Var Compensator with Fuzzy logic controller will be a definite and efficient solution for voltage 
regulation. 
 
Index Terms — Fuzzy Logic Controller, SVC, Reactive Power, Voltage Stability. 
 
I. INTRODUCTION 
 
SVC can be very effective in controlling voltage 
fluctuations at rapidly varying loads. Unfortunately, 
the price for such flexibility is high. Nevertheless, 
they are often the only cost-effective solution for 
many loads located in remote areas where the power 
system is weak. In the present scenario the demand 
for electrical energy has very much intense. This has 
led to the facing of power transmission limitation 
crisis by energy transmission systems. The limitations 
occur due to maintaining a balance between 
supplying the allowed level of voltage and 
maintaining stability of the system. Voltage stability 
is severe problem, which steadily reach operating 
limits imposed by economic and environment 
conditions. Whenever there is change in load or fault 
the system voltage level changes. With the drop in 
voltage level, the reactive power demand increases. If 
the reactive powers demand is not met, then it leads 
to further decline in bus voltage resulting in the 
cascading effect on neighboring regions. Hence there 
is a requirement of devices which can control the 
random fluctuations comes in the transmission line 
voltage during transmission. It is necessary that 
system has very less overshoot and very less settling 
time for retain of voltage in steady level. The shunt 
connected, fixed or mechanically switched reactors 
are applied to minimize the line overvoltage under 
light load condition, and shunt connected, fixed or 
mechanically switched capacitors are applied to 
maintain voltage levels under the heavy load 
conditions [1]. Shunt FACTS devices play an 
important role in reactive power flow in the power 
network. A Static VAR Compensators provides such 
system improvements and benefits by controlling 
Shunt reactive power sources, both capacitive and 

inductive, with fast power electronic switching 
devices [5]. 
Therefore SVC is more effective and if 
accommodated with supplementary controller, by 
adjusting the equivalent shunt capacitance, SVC will 
damp out the oscillations and improves the overall 
system stability [7]. The system operating conditions 
change considerably during disturbances. Various 
approaches are available for designing auxiliary 
controllers in SVC. In [8] a proportional integral 
derivative (PID) was used in SVC. It was found that 
significant improvements in system damping can be 
achieved by the PID based SVC. Although PID 
controllers are simple and easy to design, their 
performances deteriorate when the system operating 
conditions vary widely and large disturbances occur. 
Fuzzy logic approach is an emerging tool for solving 
complex problems whose system behaviour is 
complex in nature. An attractive feature of Fuzzy its 
robustness in system parameters and operating 
conditions changes. Fuzzy logic controllers are 
capable of tolerating uncertainty and imprecision to a 
greater extent. 
 
II. SVC OPERATION PRINCIPLES 
 
The control concept of SVC is based on controlling 
of shunt susceptance (B) which can be controlled by 
changing the firing angle of thyristor. The control 
objective of the SVC is to maintain a desired voltage 
at the high-voltage bus. The SVC regulates voltage at 
its terminals by controlling the amount of reactive 
power injected into or absorbed from the power 
system. When system voltage is low, the SVC 
generates reactive power (SVC capacitive). When 
system voltage is high, it absorbs reactive power 
(SVC inductive). The variation of reactive power is 
performed by switching three-phase capacitor banks 
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and inductor banks connected on the secondary side 
of a coupling transformer. Fig.1 illustrates the basic 
configuration of Static Var Compensator. 
 

 
Fig.1. Basic configuration of Static Var Compensator 

 
The particular SVC consists of two thyristor switched 
capacitor (TSC) stages to provide the leading vars, 
and a thyristor controlled reactor (TCR) stage to 
provide the lagging vars. The lagging reactive power 
(inductive reactive power) and TCR current 
amplitude can be controlled continuously by varying 
the thyristor firing angle between 90° and 180°. The 
TCR firing angle can be fully changed within one 
cycle of the fundamental frequency, thus providing 
smooth and fast control of reactive power supply to 
the system [4]. 
The leading vars (capacitive reactive power) are 
provided by a different number of capacitor bank 
units which are switched on or off in steps. The 
capacitor switching operation is completed within one 
cycle of the fundamental frequency and the TSC 
provides a faster and more reliable solution to 
capacitor switching than conventional mechanical 
switching devices [4]. An alternative current filter is 
usually used to reduce and absorb the harmonic 
current components generated by TCR. Thus, the 
leading vars are switched in steps, the lagging vars 
can be varied smoothly. By combining the two 
operations, switching capacitor in steps and 
controlling continuously reactor, a smooth variation 
in reactive power over the entire range can be 
achieved and the sum of the reactive power becomes 
linear. 
 
III. CONTROL SYSTEM OF SVC 
 
The SVC can be operated in two different modes: 
In voltage regulation mode (the voltage is regulated 
within limits as explained below). In var control 
mode (the SVC susceptance is kept constant). When 
the SVC is operated in voltage regulation mode, it 
implements the V-I characteristic as shown in Fig.2. 
As long as the SVC susceptance B stays within the 
maximum and minimum susceptance values imposed 
by the total reactive power of capacitor banks (Bcmax) 
and reactor banks (Blmax), the voltage is regulated at 

the reference voltage Vref. However, a voltage droop 
is normally used (usually between 1% and 4% at 
maximum reactive power output).  
 

 
Fig.2. V-I Characteristics of SVC 

 

 
 
The Block diagram representation of a SVC Voltage 
Regulator is shown in the Fig.3 [8]. The SVC control 
system consists of the following four main modules: 
i. A measurement system is used to measure the 

positive-sequence voltage to be controlled. The 
voltage measurement unit is driven by a phase-
locked loop (PLL) to take into account 
variations of system frequency. 

ii. A voltage regulator that uses the voltage error 
(difference between the measured voltage Vm 
and the reference voltage (Vref) to determine 
the SVC susceptance B needed to keep the 
system voltage constant. 

iii. A distribution unit that can be determined the 
number of TSCs (and eventually TSRs) that 
must be switched in and out, and computes the 
firing angle α of TCRs. 

iv. Firing unit consists of three independent 
subsystems, one for each phase (AB, BC and 
CA). Each subsystem consists of a PLL 
synchronized on line-to-line secondary voltage 
and a pulse generator for each of the TCR and 
TSC branches. The pulse generator uses the 
firing angle α and the TSC status coming from 
the Distribution Unit to generate pulses. The 
firing of TSC branches can be synchronized 
(one pulse is sent at positive and negative 
thyristors at every cycle) or continuous. The 
synchronized firing mode is usually the 
preferred method because it reduces harmonics 
faster. 
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Fig.3. Block diagram representation of a SVC 

 

 
Fig.4. Mask System of SVC Controller 

 

 
Fig.5. Fuzzy Logic Based Voltage Regulator Block Diagram 

 
IV. FUZZY LOGIC CONTROLLER 
 
The structure of fuzzy logic controller is shown in 
Fig.6. A Mamdani type Double-input-single-output 
(DISO) Fuzzy linguistic controller has been designed 
which has the following four stages of (i) 
Fuzzification, (ii) Rule-Based (Knowledge base), (iii) 
Inference Mechanism (Decision making) and (iv) 
Defuzzification or defuzzifier [1]. 

 
Fig.6. Fuzzy Logic Block Diagram 

 
Usually, the inputs and the output of the fuzzy system 
are: 
- the error e; 
- change in error (error derivative) ce; 
- the output variable u. 
The fuzzy logic controllers designed for power 
system 
stability enhancement uses important parameters such 
as rotor speed, frequency, reactive or active power, 
voltage, phase angle difference. 
 

 
Fig.7. Develop Fuzzy Logic Controller 

 
The linguistic terms from the fuzzy sets presented in 
the Fig.8 are negative N, zero Z, and positive P. The 
Fuzzy controller implements a rule base made of a set 
of IF-THEN type of rules (9 rules). These rules can 
be determined heuristically based on the knowledge 
of the plant [1]. An example of IF THEN rule is the 
following: IF e is negative N and c is negative N 
THEN u is negative N. The resulting rule table and 
IF-THEN example are shown in the Fig.11. Which 
rules apply to the current situation can be seen by 
using the rule viewer shown in the Fig.12. 
The min-max inference engine is a good alternative, 
which for the premises, uses maximum for the OR 
operator and minimum for the AND operator. The 
conclusion of each rule, introduced by THEN, is also 
done by minimum. The final conclusion for the active 
rules is obtained by the maximum of the considered 
fuzzy sets. To obtain the crisp output, the centre of 
gravity (COG) defuzzification method is used. The 
crisp value is the resulting controller output which 
will be the supplementary voltage (control signal) for 
the firing control of the SVC. The actual primary 
voltage and error voltage of 132/33/11kV, (30 MVA) 
Transformer in Tagondaing 
Substation is shown in Table 1. 
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Table 1 
Recorded Data of 132/33/11kV, (30 MVA) 

Transformer for 24 Hours 

 
 

The Y value of the membership function is always set 
on a range of 0 to 1(theoretically 0 to 100%). The X 
value of the error membership function is set -0.1 to 
0.1 as the minimum error voltage is -0.09 and 
maximum error voltage is 0.1. 

 

 
Fig.8. Membership function for input variable error (e) 

 

 
Fig.9. Membership function for input variable error derivative 

(ce) 

 
Fig.10. Membership function for output variable (u) 

 

 
Fig.11. Rule table for the fuzzy controller 

 

 
Fig.12. Rule viewer for the Develop Fuzzy Controller 

 
Error in voltage and change in error is taken as two 
input of fuzzy logic controller. The output of fuzzy 
controller decides the control signal which supplied 
to firing angle control units .According to control 
signals the TSC and TCR is triggered. A fuzzy logic 
is rule base control mechanism which decides the 
control mechanism to correct the effect of certain 
causes coming from power system. 
 
V. SIMULATION MODEL AND RESULTS 
 
The parameters of 132/33/11 kV, 30 MVA three 
phase distribution system in Tagondaing Substation, 
which are needed to construct the propose model, are 
shown in Table 2. Simulation model of the proposed 
system is shown in Fig.13. 
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By solving Equation 5 and Equation 6, the values of 
inductance and capacitance are 305.86 mH and 16.56 
µF. 

 
The Static VAR Compensator is basically a shunt 
connected variable VAR generator whose output is 
adjusted to exchange capacitive or inductive current 
to the system. 

 
Table 2 

System parameters of 132/33/11 kV (30 MVA) 
Transformer 

 

 
Fig.13. Simulation model of distribution system with Fuzzy 

Logic Based Static Var Compensator 
 

 
Fig.14. Simulation result of source voltage and current without 

compensation 

 

 
Fig.15. Simulation waveform of reactive power verses time 

 

 
Fig.16. Simulation results of Controller signals for the voltage 

regulation 
 

 
Fig.17. Simulation result of pulses for TCR, TSC1 and TSC2 

 
Fig.18. Simulation result Vab-sec and Iab of TCR, TSC1 and 

TSC2 
 

 
Fig.19. Simulation result of source voltage and current after 

compensation 
 
Initially the source voltage is set at 1.004 pu, 
resulting in a 1.0 pu voltage at SVC terminals when 
the SVC is out of service. As the reference voltage 
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Vref is set to 1.0 pu, the SVC is initially floating 
(zero current). This operating point is obtained with 
TSC1 in service and TCR almost at full conduction 
but the conduction angle is continuously controlled 
by fuzzy controller, which was not in case of 
conventional SVC controller. 
At t = 0.2sec, the source voltage is suddenly lowered 
to 0.97 pu. At this point the TSC1 are in service and 
the TCR alpha angle is 135° (partial conduction) and 
absorbs approximately of its nominal reactive power. 
The SVC reacts by generating 8 Mvar of reactive 
power. After 0.5 sec, the source voltage is suddenly 
increased to 1.09 pu. The TCR α angle changes from 
135° to 90° (fully conduction) and no TSC. The SVC 
reacts as an inductive mode by absorbing 12 Mvar of 
reactive power. 
At t = 0.8sec, the source voltage is suddenly lowered 
to 0.9 pu. At this point the two TSCs are in service 
and the TCR alpha angle changes from 90° (full 
conduction) to 150° (partial conduction). Finally, at t 
= 1.2 sec the voltage is increased to 1.0 pu and the 
SVC reactive power is reduced to zero. Each time a 
TSC is switched on the TCR α angle changes from no 
conduction to partially or fully conduction depending 
on the requirement. The pulses for TCR, TSC1 and 
TSC2 are shown in Fig.17. Simulation result of Vab-
sec and Iab of TCR, TSC1 and TSC2 are displayed in 
Fig.18. It is found that for the efficient voltage 
regulation it is most important to control the 
switching of TCRs. This problem is solved by using 
SVC with Fuzzy logic controller can be done by 
either setting firing angle α to 180° for off condition 
or by setting firing angle α to 90° degree for full 
conduction. 
 
CONCLUSION 
 
The conventional SVC is able to provide voltage 
regulation up to some extent due to deficiencies in its 
control mechanism. Due to the use Fuzzy logic 
approach this paper has shown a good efficient 
voltage regulation. It is found that, the conventional 
SVC voltage regulator takes approximately 95% 
settling time to control under voltage or over voltage 
fluctuations. On the other hand the developed 
technique based on fuzzy logic takes only 30% 
settling time to control under voltage or over voltage 
fluctuations, which is just half as required by 
Conventional SVC. The system implemented with the 
Fuzzy-SVC controller show better performance in 
reactive power compensation, maintain terminal 
voltage and control the power after the system is 

subjected to disturbance. Fuzzy logic system is closed 
loop control system, by designing a set of rules, 
which decides the firing angle given to SVC to attain 
the required voltage. With MATLAB simulations, it 
is observed that SVC provides effective voltage 
stability irrespective of load variation and during 
abnormal operating conditions. 
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