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Abstract - Harmonics is generated in power system is due to 
various sensitive load such as fluorescent lamp, rectifier or 
inverter operations ,adjustable-speed drive, PWM pulse-width 
modulation, switch-mode power supply etc. Harmonic currents 
produced by nonlinear loads can interact adversely with the 
utility supply system. Voltage sags and interruptions are related 
power quality problems, due to imbalance in voltage and current 
power factor of the system decrease ,This low power factor  
reduce power handling capacity of power system. All these 
problems can be removed by static var compensator (svc). Fixed 
capacitor thyristor controlled reactor can be used for power 
factor correction, flicker reduction, and steady-state voltage 
control, and also have the benefit of being able to filter out 
harmonics from the system. By changing firing angle of thyristor  
we can improve voltage profile up to required level. 

Keywords - Power Quality, Fuzzy Logic Controller, FC-TCR, 
Power Factor. 

I. INTRODUCTION 

Power quality basically means to maintain a sinusoidal 
waveform at rated voltage and frequency. but in present 
time due to the use of various sensitive non linear load such 
as adjustable speed drive , switched mode power supply , 
and many rectifier and inverter operation harmonics is 
generated in the system. These harmonic disturb the 
waveform . 

The reactive power absorption and generation is very 
important since reactive power  play very important role in 
keeping system voltage stable. Reactive power is basically a 
wattles power, in order to maintain system voltage stable 
reactive power reserve are needed. 

The external mean of controlling of generation and 
absorption of reactive power is compensating device (shunt 
capacitor, series reactor ) ,but present trend is to use power 
electronics device as a compensator due to their fast 
response and high current carrying capability. Flexible AC 
Transmission Systems (FACTS) technology is based on the 
use of power electronic controlled devices for allowing 
transmission circuits to be used to their maximum 

capability. The FACTS devices mainly used  to control the 
flow of reactive power and hence control voltage, phase 
angle, and impedance of transmission line . 

Since 1970 high power line commutated thyristor in 
conjunction with capacitor and reactor have been employed 
in various circuit configuration to produce variable reactive 
output. Most recently GTO and other semiconductor with 
internal turn off capability have been used in switching 
convertor to generate or absorb reactive power .The SVG is 
a static var generator whose output voltage is varied so as to 
maintain or control specific parameter (voltagr,frequency) 
of the electric power system.SVG is a  self sufficiently 
functioning device that draws controllable reactive current 
from an alternating power source thus svg is a power 
amplifier that faithfully reproduce the reference signal at the 
desire power level. SVG become SVC when it equipped 
with special  external control which derive the necessary 
reference for its input from the operating requirement and 
prevailing variable of the power system to execute the 
desire compensation of transmission line.  

FC-TCR is used as a shunt compensated device for 
controlling the power factor of the system. The current in 
the FC-TCR is varies by firing angle control of thyristor 
,there are so many method for controlling the firing angle of 
thyristor like Boolean algebra but it require tough 
mathematical model and give slow response on the other 
hand Fuzzy logic controller give the accurate and fast  result 
and not require mathematical model. Fuzzy logic is a 
branch of engineering that deal with the development  of 
computer program based on the study of human intelligence 
and nature of human thinking. It is argued that human 
thinking does not always follows crispi yes or no logic (o,1 
in bollean logic) but it often vague uncertain indecisive or 
fuzzy. 

In this paper Transmission line is segments by keeping the 
sending end voltage constant. The receiving end voltage 
fluctuations were observed for different loads. In order to 
maintain the receiving end voltage constant, shunt inductor 
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and capacitor is added for different loading conditions. SVC 
is simulated by means of fixed capacitor and thyristor 
controlled reactor (FC-TCR) which is placed at the 
receiving end. The firing angle control circuit is designed 
and the firing angles are varied for various loading 
conditions to make the receiving end voltage equal to 
sending end voltage. 

And the firing angle of FC-TCR is controlled by 
supplementary controller. In this paper fuzzy logic 
controller is used to control firing angle of thyristor.[3] 

II. OPERATING PRINCIPLE OF FCTCR 

FCTCR is basically a shunt controller, The shunt 
Controllers may be variable impedance such as capacitor, 
reactor or power electronic based variable source, which is 
shunt connected to the line in order to inject variable 
current. As long as the injected current is in phase 
quadrature with the line voltage, the shunt Controllers only 
supplies or consumes variable reactive power.  

An SVC can improve power system transmission and 
distribution performance in a number of ways. Simple FC-
TCR type SVC configuration is shown in FIG 1.  In FC-
TCR, a capacitor is placed in parallel with a Thyristor 
controlled reactor. Is, Ir and Ic are system current, reactor 
current and capacitor current respectively which flows 
through the FC-TCR circuit. Fixed capacitor- Thyristor 
controlled reactor (FC-TCR) can provide continuous 
lagging and leading VARS to the system . Circulating 
current through the reactor (Ir) is controlled by controlling 
the firing angle of back-back thyristor valves connected in 
series with the reactor. Leading var to the system is supplied 
by the capacitor. For supplying lagging vars to the system, 
TCR is generally rated larger than the capacitor.[2] 

 
FIG-1. SVC (FCTCR) SYSTEM 

Fig 2 shows the V-I characteristics ,the operating area of 
FC-TCR is define as the maximum attainable capacitive and 

inductive admittance and by the voltage and current rating 
of major power component 

 
Fig 2 V-I     Characteristics of the FC-TCR 

III. FUZZY LOGIC CONTROLLER  

Fuzzy logic is a branch of engineering that deal with the 
development  of computer program based on the study of 
human intelligence and nature of human  thinking. 

It is argued that human thinking does not always follows 
crispy yes or no logic (o,1 in Boolean logic) but it often 
vague uncertain indecisive or fuzzy. 

Fuzzy logic has recently been applied in process control 
modelling estimation identification diagnostic stock market 
prediction , agriculture , military crevice etc. 

In fuzzy set based on fuzzy logic a particular object a 
degree of membership in a given set that may be anywhere 
in the range of 0 to 1 . 

This property helps fuzzy logic to deal with non statistical 
uncertain situation in a fairly natural way . 

Fuzzy variable for temperature can be defined by qualifying 
linguistic variable (cold, mild, hot) fuzzy variable for speed 
(slow, medium, high) for water level tank low, medium, 
high. 

Boolean Algebra – cold, mild, hot 

Fuzzy Logic Controller – zero ,very cold, medium cold. 
medium hot, very hot  

For precise description of variable , although the triangular 
membership function is most commonly used the shape 
may be trapezoidal or Gaussian. 

If temperature below 10 it belongs completely to set 
cold(that is the membership function mf value is 
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1),wherever for 18 it is in the set cold by 60 % (mf=0.6) and 
to the set mild by 20 (mf=0.2) for 25 it is completely set 
mild (mf=10 as membership function for cold is zero. 

Fuzzy logic control is one of the control algorithm based on 
a linguistic control strategy, which is being derived from 
expert knowledge into an automatic control strategy. Fuzzy 
logic control doesn't need any kind of difficult mathematical 
calculation like the others control system.  While the others 
type of control system use difficult mathematical 
calculation to provide a model of the controlled plant, fuzzy 
uses only simple mathematical calculation to simulate the 
expert knowledge.  Although it doesn't need any difficult 
mathematical calculation, but it gives good performance in 
a control system. Thus, it can be one of the best available 
answers today for a broad class of challenging controls 
problems. 

Principal components of Fuzzy logic controller:  

         1. Fuzzification block or fuzzifier  

         2. Knowledge base  

         3. Decision making block  

         4. Defuzzification block or defuzzifier. 

 
FIG 3. FUZZY BLOCK DIAGRAM 

3.1 Fuzzy Logic Interfacing with FCTCR  

The control concept of svc is based on controlling of shunt 
susceptance (B) which can be controlled by changing the 
firing angle of thyristor. In the steady-state, the SVC will 
provide some steady-state control of the voltage to maintain 
it the high-voltage bus at a predefined level. If sudden load 
is increased the high-voltage bus begins to fall below its set 
point, in such a condition the SVC will inject reactive 
power (Qnet) into thereby increasing the bus voltage back 
to its net desired voltage level. If load is falls suddenly, then 
bus voltage increases, the SVC will (thyristor controlled 
reactor) will absorb reactive power, and the result will be to 
achieve the desired bus voltage. Therefore the magnitude of 
reactive power injected into the system, Qnet, is Controlled 

by the magnitude of –Qind reactive power absorbed by the 
TCR.  

FC-TCR with fuzzy controller is able to maintain the power 
factor always constant at receiving end under normal 
condition as well as at large inductive load and does not 
effected with load variations.  It is cost effective solution to 
maintain constant voltage and constant power for highly 
inductive load. 

Mamdani based fuzzy logic interfacing rule is adopted for 
correction of power factor. Complex power is taken from 
power measuring block, in which power angle is taken as 
input of fuzzy controller. According to power angle control 
output (firing angle) is provided by fuzzy controller. When 
power angle is large firing angle is also large. Controlled 
output is supplied to variable delay circuit and it is supplied 
to thyristor. According to the output of variable time delay 
circuit firing angle of thyristor is changed. 

 When power angle is very small then firing angle is also 
very small. When power angle is medium then firing angle 
is also medium. When power angle is large then firing angle 
is also large. 

Same way  I supposed to control reactive power by 
controlling the firing angle of  TCR ,for effective control 
over firing angle , fuzzy logic controller is used. 

 

FIG 4. STRUCTURE OF FUZZY LOGIC CONTROLLER 

3.2 Fuzzy Logic and Conventional Controllers A 
Comparison 

The simplification or linearization of the non-linear system 
under consideration has to be performed by the 
conventional control methodologies like PI, PD and PID 
since their construction is based on linear system theory. 
Hence, these controllers do not provide any guarantee for 
good performance. They require complex calculations for 
evaluating the gain coefficients. These controllers however 
are not recommended for higher order and complex systems 
as they can cause the system to become unstable. Hence, a 
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more heuristic approach is required for choice of the 
controller parameters which can be provided with the help 
of fuzzy logic, where we can define variables in a subjective 
way. Thus we can avoid the numerical complicacy involved 
in higher order systems. 

Fuzzy logic provides a certain level of artificial intelligence 
to the controllers since they try to imitate the human 
thought process. This facility is not available in the 
conventional controllers. 

An indirect vector controlled induction motor drive using a 
fuzzy logic controller has been presented. 

 The conclusions are defined as follows. 

 Torque reference computation for achieving 
decoupled control of the stator current components 
is based on the non-linear characteristics of the 
fuzzy controller. 

 In the proposed system the transient response of 
the starting torque of the motor is   reduced to 
nearly half of the previously proposed models. 

 It is shown that to track command speeds and step 
disturbances in load torque with         zero steady 
state error and very largely reducing settling times 
during starting. 

 The overshoots in the system was very less as 
compared to conventional PI controller. The 
settling time was less. 

IV. EXPECTED MODEL                                                                    

 

FIG-5 SIMULATION OF FC-TCR WITH FUZZY LOGIC 
CONTROLLER 

V. RESULT OBTAIN  

When load applied to system then the characteristics of 
system get changed. When inductive load is applied the 
power factor of system decrease ,due to which power 
quality of system(i.e. voltage, current, frequency parameter) 
decrease . 

Due to decrease in power factor kva rating of the equipment 
increase and active and reactive power balance in the 
system get unbalanced. 

Thus for increasing power quality, power fector of the 
system is very closed to unity . 

Hence for getting unity power factor compensation should 
be used. 

Here we used FC-TCR as a compensation device as shown 
in fig 5 in it excess amount of reactive power is absorb by 
reactor and controlling of reactor is done by firing angle 
control of thyristor. 

Fixed capacitor is to provide reactive power in the system  
Due to fast response and high accuracy fuzzy logic 
controller is used for controlling the firing angle of 
thyristor. 

 

FIG 6.POWER FECTOR IMPROVEMENT USING FC-
TCR 

In FIG6 shows the result obtain ,in this vertical axes shows 
power factor while horizontal axes shows time offset. 
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At starting i.e. on load the power factor of the system is 
unity. After 0.2 second certain inductive  load is injected 
into system ,due to inductive load power factor get decrease 
regularly but after 0.5 sec FC-TCR is connected to the 
system and due to this the power factor is controlled and 
come to near unity. 

Thus power factor of the system increase simultaneously 
power qualities of the system improve. 

VI. CONCLUSION 

From the above result we concluded that the use of fuzzy 
controlled SVC (FC-TCR) compensating device the firing 
angle control is continuous, effective and it is a simplest 
way of controlling the reactive power of transmission line.  
It is observed that SVC device is able to compensate both 
over and under voltages. The use of fuzzy logic has 
facilitated the closed loop control of 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 (FC-TCR) provides an effective 
reactive power control irrespective of load variation and 
also provide voltage stability during fault conditions. 
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