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Abstract – Voltage profile maintenance of a transmission
system can be done by using feedback control methodology
and the compensation technique used is Static VAR
compensation. This thesis describes a MATLAB based
SIMULINK model that can be implemented in real time
systems to maintain a constant voltage profile during load
changes and fault conditions. In any power system the basic
requirement is to keep the voltage of the system constant so
that the load functions properly. Whenever there is a fault or
any load is disconnected, the active and reactive power
requirements of the system changes. As a result, the voltage
of the system changes. Therefore to maintain a constant
voltage profile shunt compensators are used near the load
end, in the model presented in this project. Fuzzy logic is also
implemented to set the proper compensation required.
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I. INTRODUCTION

Reactive power (vars) is required to maintain the
voltage to deliver active power (watts) through
transmission lines. Motor loads and other loads require
reactive power to convert the flow of electrons into useful
work. When there is not enough reactive power, the
voltage sags down and it is not possible to push the power
demanded by loads through the lines.”

So, voltage and current go up and down at the same
time, only real power is transferred in the system. Reactive
Power is transmitted only when there is a time shift
between voltage and current. But, when the average in
time is calculated, the average active power exists causing
a net flow of energy from one point to another, whereas
average reactive power is zero, irrespective of the network
or state of the system. In the case of reactive power, the
amount of energy flowing in one direction is equal to the
amount of energy flowing in the opposite direction (or
different parts -capacitors, inductors, etc- of a network,
exchange the reactive power). That means reactive power
is neither produced nor consumed. But, in reality we
measure reactive power losses. Many types of equipment
are introduced for reactive power compensation to reduce
electricity consumption and cost.

Reactive power is a quantity that is normally only
defined for alternating current (AC) electrical systems. In
that sense, these are pulsating quantities. Because of this,
the power being transmitted down a single line also
“pulsates”. This power goes up and down around some
“average” value - this average value is called the “real”
power and over time you pay for this in kilowatt-hours of

energy. If this average value is zero, then all of the power
being transmitted is called “reactive” power. The customer
would not normally be charged for using reactive power
because you are consuming some energy half the time, and
giving it all back the other half of the time - for a net use
of zero. To distinguish reactive power from real power, we
use the reactive power unit called “VAR” - which stands
for Volt-Ampere-Reactive[1-2].

II. PRINCIPLE OF OPERATION

The feedback model takes reactive power as the
feedback signal. Based on the value of reactive power the
system automatically decides whether to use the capacitive
compensation (TSC) or the inductive compensation
(TCR). When the load consumes reactive power then the
total reactive power of the system is negative. In this case
reactive power must be supplied by the compensator. On
the other hand when the load supplies reactive power then
the compensator must consume this reactive power to
maintain the net reactive power to zero. When the reactive
power is negative i.e. the load is capacitive, the switch
logic is such that it turns on the inductive compensator and
turns off the capacitive compensator. Similarly, when the
reactive power is positive i.e. the load is inductive, the
switch turns on the capacitive compensator and turns off
the inductive compensator [3-4].

Fig.1. Thyristor Controlled Reactor

Fuzzy logic is also implemented in this project to set the
proper compensation required. For inductive compensator,
the input to the fuzzy is reactive power and the output is
the delay angle that is required as the input of pulse
generator to provide the delay. For capacitive
compensator, the input to the fuzzy is reactive power and
the output is the selection of the required compensator unit
[5].
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In the capacitive compensator only switching of
capacitor units is done. The compensation can be done
only for a specific range in this model. So for a particular
range a particular compensator unit is to be turned on and
the rest are to be kept disconnected. This is implemented
using fuzzy logic.

Fig.2. Thyristor Switched Capacitor

In the inductive compensator thyristor firing angle is
controlled. The required firing angle is obtained by the
fuzzy logic. The firing angle of the thyristor can be
controlled by adjusting the delay in pulse generator, which
is given to the thyristor to fire it. Only one unit of
inductive compensator is used and the maximum limit of
compensation that can be provided is decided by the rating
of the inductor applied as compensator. The amount of
compensation given depends on the firing angle of the
thyristors connected which is decided by the fuzzy
logic[6].

Thus as the load changes, the different capacitor and
inductor units are employed automatically and hence
compensation is obtained and voltage profile is maintained
constant.

Table 1: Rating of Compensator(Vdesired=128V)
Inductive
reactive
power of

load

Capacitive
reactive

power by
compensator

Voltage
before

compen
sation

Voltage
after

compensat
ion

Capacitor
bank to be
operated

5000 5000 115 128 1
10000 10000 91.05 128 2
15000 15000 71.4 127.5 3
20000 20000 57.5 127 4
25000 25000 47.75 126.5 5
30000 30000 40.65 125.98 6
35000 35000 35.3 125.5 7

Table 2: Rating of Compensator(Vdesired=128V)
Capacitive

reactive
power of the

load

Inductive
reactive

power of the
compensator

Delay
(deg)

Voltage
before

compen
sation

Voltage
after

compensati
on

3000 3000 44 131.8 127.5
3500 3500 42 132.34 127.6
4000 4000 40 133 127
4500 4500 38 132 127.9
5000 5000 36 129.4 126.5

5500 5500 34 127.75 126.9

(V desired=128; Max fixed value of inductive reactive
power of compensator=6000)

III. POWER SYSTEM UNDER STUDY

The Three-Phase Source block implements a balanced
three-phase voltage source with an internal R-L
impedance. The three voltage sources are connected in Y
with a neutral connection that can be internally grounded
or made accessible. The source internal resistance and
inductance can be specified either directly by entering R
and L values or indirectly by specifying the source
inductive short-circuit level and X/R ratio. The Series
RLC Branch block implements a single resistor, inductor,
or capacitor, or a series combination of these. The Three-
Phase V-I Measurement block is used to measure three-
phase voltages and currents in a circuit. When connected
in series with three-phase elements, it returns the three
phase-to-ground or phase-to-phase voltages and the three
line currents. The Active & Reactive Power block
measures the active power P and reactive power Q
associated with a periodic voltage-current pair that can
contain harmonics. P and Q are calculated by averaging
the V I product with a running average window over one
cycle of the fundamental frequency, so that the powers are
evaluated at fundamental frequency. The Three-Phase
Series RLC Load block implements a three-phase
balanced load as a series combination of RLC elements.
At the specified frequency, the load exhibits a constant
impedance. The active and reactive powers absorbed by
the load are proportional to the square of the applied
voltage[7-9].

Fig.3. Basic Power System Element

Fig.4. Switching of Compensators
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IV. INTERNAL CONTROLS

Inside the switch subsystem, there are two logics, one
for the inductive setup and the other for the capacitive
setup. Suppose the mean reactive power entering the
subsystem is positive. It enters both the switches. The
threshold for both the switches is kept at zero, because the
decision has to be made between negative and positive. So
when the positive reactive power enters the switch for
inductive compensator, it gets multiplied by a gain of -1,
and is applied to the switch which compares it with its
threshold and then applies its criteria for passing the
signal. So the switch does not pass any signal as the
negative input does not fulfil its criteria for passing the
signal which is that the input should be more than the
threshold for passing the signal. The very same signal also
passes through the switch for capacitive compensator.
There, it is compared with the threshold, and since the
threshold is zero, and the signal is positive, it fulfils the
criteria of passing the signal, and a logic1 is passed as its
output. Since there are two outputs of this subsystem, at
one point of time, only one output gives a signal. In this
case, output1 gives a signal and the capacitive
compensator is brought into the system connection while
the other remains disconnected.

Fig.5. Inductive compensator

Fig.6. Capacitive compensator

On the other hand, if the mean reactive power entering
the subsystem is negative, when it enters the switch for
capacitive compensator, since it is negative, it does not
fulfil the criteria for passing the signal to the output as the
signal is less than the threshold which is zero. So the
output1 in this case gives no signal and the capacitive
compensator remains disconnected from the system in this
case. When the very same value of mean reactive power

enters the switch for inductive compensator, firstly, it gets
multiplied by a gain of -1 and hence the value now
becomes positive. This positive value fulfils the criteria for
passing the signal as the value is more than the threshold
which is zero. So the output2 in this case connects the
inductive compensator to the system.

V. SIMULATION AND RESULTS

This project is a MATLAB simulink based model to
compensate reactive power of the system on load changes
thus maintaining the voltage profile of the system to a
constant. It is observed that when the load is capacitive,
the net reactive power of the system is negative and to
make the reactive power zero an inductive compensator is
automatically connected to the system. Similarly, when the
load is inductive the net reactive power of the system is
positive and to make the reactive power zero the
capacitive compensator is automatically connected and as
a result the voltage profile of the system is maintained.
This automation of switching is obtained by the logic
which determines whether the net reactive power of the
system is negative and or positive and accordingly
connects the inductive or capacitive compensator. The
amount of compensation required is determined and
controlled by the fuzzy logic which connects the
appropriate unit of capacitor in case of capacitive
compensation or supplies the delay for inductive
compensation. The fuzzy logic determines this by
measuring the level of average reactive power.

It is seen that as the reactive power of the system
increases due to change in load the compensation
increases proportionally and on the other hand if the
reactive power of the system decreases the compensation
reduces proportionally. Thus throughout the load change
the reactive power is kept constant and hence the voltage
profile is maintained.
(i) CASE- 1: (When the load is supplying inductive
reactive power)

In this case the switch connects the capacitive
compensator to the system. According to the reactive
power of the system, the fuzzy logic operates the capacitor
and hence proper compensation is obtained.

Fig.7. Voltage Profile for capacitive load
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capacitive compensator is automatically connected and as
a result the voltage profile of the system is maintained.
This automation of switching is obtained by the logic
which determines whether the net reactive power of the
system is negative and or positive and accordingly
connects the inductive or capacitive compensator. The
amount of compensation required is determined and
controlled by the fuzzy logic which connects the
appropriate unit of capacitor in case of capacitive
compensation or supplies the delay for inductive
compensation. The fuzzy logic determines this by
measuring the level of average reactive power.

It is seen that as the reactive power of the system
increases due to change in load the compensation
increases proportionally and on the other hand if the
reactive power of the system decreases the compensation
reduces proportionally. Thus throughout the load change
the reactive power is kept constant and hence the voltage
profile is maintained.
(i) CASE- 1: (When the load is supplying inductive
reactive power)

In this case the switch connects the capacitive
compensator to the system. According to the reactive
power of the system, the fuzzy logic operates the capacitor
and hence proper compensation is obtained.

Fig.7. Voltage Profile for capacitive load
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IV. INTERNAL CONTROLS

Inside the switch subsystem, there are two logics, one
for the inductive setup and the other for the capacitive
setup. Suppose the mean reactive power entering the
subsystem is positive. It enters both the switches. The
threshold for both the switches is kept at zero, because the
decision has to be made between negative and positive. So
when the positive reactive power enters the switch for
inductive compensator, it gets multiplied by a gain of -1,
and is applied to the switch which compares it with its
threshold and then applies its criteria for passing the
signal. So the switch does not pass any signal as the
negative input does not fulfil its criteria for passing the
signal which is that the input should be more than the
threshold for passing the signal. The very same signal also
passes through the switch for capacitive compensator.
There, it is compared with the threshold, and since the
threshold is zero, and the signal is positive, it fulfils the
criteria of passing the signal, and a logic1 is passed as its
output. Since there are two outputs of this subsystem, at
one point of time, only one output gives a signal. In this
case, output1 gives a signal and the capacitive
compensator is brought into the system connection while
the other remains disconnected.

Fig.5. Inductive compensator

Fig.6. Capacitive compensator

On the other hand, if the mean reactive power entering
the subsystem is negative, when it enters the switch for
capacitive compensator, since it is negative, it does not
fulfil the criteria for passing the signal to the output as the
signal is less than the threshold which is zero. So the
output1 in this case gives no signal and the capacitive
compensator remains disconnected from the system in this
case. When the very same value of mean reactive power

enters the switch for inductive compensator, firstly, it gets
multiplied by a gain of -1 and hence the value now
becomes positive. This positive value fulfils the criteria for
passing the signal as the value is more than the threshold
which is zero. So the output2 in this case connects the
inductive compensator to the system.

V. SIMULATION AND RESULTS

This project is a MATLAB simulink based model to
compensate reactive power of the system on load changes
thus maintaining the voltage profile of the system to a
constant. It is observed that when the load is capacitive,
the net reactive power of the system is negative and to
make the reactive power zero an inductive compensator is
automatically connected to the system. Similarly, when the
load is inductive the net reactive power of the system is
positive and to make the reactive power zero the
capacitive compensator is automatically connected and as
a result the voltage profile of the system is maintained.
This automation of switching is obtained by the logic
which determines whether the net reactive power of the
system is negative and or positive and accordingly
connects the inductive or capacitive compensator. The
amount of compensation required is determined and
controlled by the fuzzy logic which connects the
appropriate unit of capacitor in case of capacitive
compensation or supplies the delay for inductive
compensation. The fuzzy logic determines this by
measuring the level of average reactive power.

It is seen that as the reactive power of the system
increases due to change in load the compensation
increases proportionally and on the other hand if the
reactive power of the system decreases the compensation
reduces proportionally. Thus throughout the load change
the reactive power is kept constant and hence the voltage
profile is maintained.
(i) CASE- 1: (When the load is supplying inductive
reactive power)

In this case the switch connects the capacitive
compensator to the system. According to the reactive
power of the system, the fuzzy logic operates the capacitor
and hence proper compensation is obtained.

Fig.7. Voltage Profile for capacitive load



Copyright © 2013 IJECCE, All right reserved
1274

International Journal of Electronics Communication and Computer Engineering
Volume 4, Issue 4, ISSN (Online): 2249–071X, ISSN (Print): 2278–4209

(ii) CASE-2: (When the load is supplying capacitive
reactive power)

In this case switch connects the capacitive compensator
to the system. According to the reactive power of the
system, the fuzzy logic provides the delay to the pulse
generator and thyristors are fired according to that delay
and hence proper compensation is obtained.

Fig.8. Voltage Profile for capacitive load

(iii) CASE-3: (When inductive as well as capacitive
reactive power is supplied by the load)

In this case the compensator to be connected is
determined by the difference in the reactive powers i.e. the
net reactive power. If it is capacitive then the inductive
compensator is connected and if it is inductive then the
capacitive compensator is connected.

Fig.9. Voltage profile for controlled case

VI. CONCLUSION

In this paper, the simulation of Feedback Control of
Transmission Line Using Static VAR Compensators (TSC
& TCR) Using Fuzzy Logics is described. The result
shows load power factor and system efficiency is
improved, line losses are reduced. SVC provides fast
change in Q to regulate the voltage. Its maintenance is
simple and easy. The studies which include detailed
techniques are conducted and the control circuits are
presented. The operating conditions and constraints are
compared to the operating condition of the devices.
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