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FOREWORD

It is my great pleasure to present this laboratory manual for final year electrical electronic &
power engineering students for the subject of Industrial Automation. Keeping in view the vast
coverage required for visualization of concepts of automation with simple language.

As a student, many of you may be wondering with some of the questions in your mind regarding the subject and
exactly what has been tried is to answer through this manual.

Faculty members are also advised that covering these aspects in initial stage itself, will greatly
relived them in future as much of the load will be taken care by the enthusiasm energies of the
students once they are conceptually clear.

Dr. H. H. Shinde

PRINCIPAL

MAHATMA GANDHI MISSION`S

JAWAHARLALNEHRUENGINEERINGCOLLEGE
AURANGABAD.
Department of Electrical Electronics and Power

Vision of JNEC
To create self-reliant, continuous learner and competent technocrats imbued with
human values.
Mission of JNEC
1. Imparting quality technical education to the students through participative
teaching –learning process.
2. Developing competence amongst the students through academic learning and
practical experimentation.
3. Inculcating social mindset and human values amongst the students.
JNEC Environmental Policy
1. The environmental control during its activities, product and services.
2. That applicable , legal and statutory requirements are met according to
environmental needs.
3. To reduce waste generation and resource depletion.
4. To increase awareness of environmental responsibility amongst its students and
staff.
5. For continual improvement and prevention of pollution.
JNEC Quality Policy:
Institute is committed to:
• To provide technical education as per guidelines of competent authority.
• To continually improve quality management system by providing additional
resources required. Initiating corrective & preventive action & conducting
management review meeting at periodical intervals.
• To satisfy needs & expectations of students, parents, society at large.
EEP Department
VISION:
• To Develop competent Electrical Engineers with human values.
MISSION:
• To Provide Quality Technical Education To The Students Through Effective
Teaching-learning Process.
• To Develop Student’s Competency Through Academic Learning, Practicals And
Skill Development Programs.
• To Encourage Students For Social Activities & Develop Professional Attitude
Along With Ethical Values.

SUBJECT INDEX

1. Do’s and Don’ts
2. Lab exercise:
1) Measurement of Sinusoidal voltages and currents
2) Modeling of power system components such as Transmission lines.
3) Modeling of equivalent circuit of transformer
4) Simplified Model of Synchronous Machine
5) Load frequency control of a single area power system
6) MATLAB Program to Solve Swing Equation using Point-by-Point Method.
7) Small–signal stability analysis of single-machine-Infinite bus (SMIB) system

8) Modeling IEEE excitation systems in MATLAB SIMULINK
9) Modeling of Turbine and Governor System.
10) Modeling of facts devices using MATLAB SIMULINK

1. DO’s and DON’Ts:

DO’s in Laboratory:

1. Use this software by using license key provided at the main server.
2. Any crash, invalid debugs may hang the software. In such cases, please wait
for that program to respond otherwise this will directly delete the files if not saved
properly.
DONT’s in Laboratory:

1. Don’t disturb the standard layout of the software.
2. Don’t disturb the license settings.

Instructions for Laboratory Teachers:

1. Submission related to whatever lab work has been completed should be done
during the next lab session. The immediate arrangements for printouts related to
submission on the day of practical assignments.

2. Students should be taught for taking the observations /readings of different
measuring instruments under the able observation of lab teacher.

3. The promptness of submission should be encouraged by way of marking and
evaluation patterns that will benefit the sincere students.

Expt 1. SINUSOIDAL VOLTAGES AND CURRENTS
Aim: To determine sinusoidal voltages and currents
Apparatus: MATLAB
Theory : The RMS Voltage of an AC Waveform
The RMS value is the square root of the mean (average) value of the squared function of the
instantaneous values. The symbols used for defining an RMS value are VRMS or I RMS.
The term RMS, refers to time-varying sinusoidal voltages, currents or complex waveforms were
the magnitude of the waveform changes over time and is not used in DC circuit analysis or
calculations were the magnitude is always constant. When used to compare the equivalent RMS
voltage value of an alternating sinusoidal waveform that supplies the same electrical power to a
given load as an equivalent DC circuit, the RMS value is called the “effective value” and is
presented as: Veffor Ieff.
In other words, the effective value is an equivalent DC value which tells you how many volts or
amps of DC that a time-varying sinusoidal waveform is equal to in terms of its ability to produce
the same power. For example, the domestic mains supply in the United Kingdom is 240Vac. This
value is assumed to indicate an effective value of “240 Volts RMS”. This means then that the
sinusoidal RMS voltage from the wall sockets of a UK home is capable of producing the same
average positive power as 240 volts of steady DC voltage as shown below.

Circuit diagram:

Fig: Simulink model for voltage and current measurement

Procedure:
1.
2.
3.
4.
5.
6.

Open Matlab-->Simulink--> File ---> New---> Model
Open Simulink Library and browse the components
Connect the components as per circuit diagram
Set the desired voltage and required frequency
Simulate the circuit using MATLAB
Plot the waveforms.

Graph:

Calculations:

Expt 2 MODELING OF POWER SYSTEM COMPONENTS SUCH AS
TRANSMISSION LINES.
AIM: To simulate models of different power system components such as Transmission lines..
APPARATUS:
1) MATLAB Software
2) Sim Power System Toolbox
THEORY:
1. What is modeling of power systems components?
2. How this modeling helps to understand the nature of that particular power system
component?
3. What is the relation of output and input of that device and how that results can be
compared to the output of Model developed in MATLAB?
PROCEDURE:
1) Make a new model file in MATLAB.
2) Use Sim Power System Toolbox and Mathematical Operations Toolbox for inserting the
models of different mathematical operations such as add, subtract, limiters etc. and
different electrical displays such as scope and Displays .
3) Insert the blocks from respective toolboxes into new model by dragging it and connect
that blocks.
4) Give proper input to the model and check the output at the output port/display/scope.

5) Calculate & plot the graphs. Output Vs speed, Output Vs Efficiency, Output Vs motor
current.
Output Vs slip, output Vs P.F.

Example: Mathematical model development of transmission line

OBSERVATIONS: Observe the readings of input quantities and output quantities.
CONCLUSION:
Modelling of any power system components is to develop the mathematical relationships
between different operating parameters of that device that helps to study of detailed analysis of that
power system component such as Transformer, Transmission lines, Alternator etc.

Expt 3. EQUIVALENT CIRCUIT OF TRANSFORMER
Aim: To determine the parameters of equivalent circuit of transformer from OC SC
test data
Apparatus: MATLAB
Theory : Equivalent Circuit of Transformer
Equivalent impedance of transformer is essential to be calculated because the electrical power
transformer is an electrical power system equipment for estimating different parameters of
electrical power system which may be required to calculate total internal impedance of an
electrical power transformer, viewing from primary side or secondary side as per requirement.
This calculation requires equivalent circuit of transformer referred to primary or equivalent
circuit of transformer referred to secondary sides respectively.
Equivalent Circuit of Transformer Referred to Primary
Let us consider the transformation ratio be,

In the figure right, the applied voltage to the primary is V1 and
voltage across the primary winding is E1. Total electric current
supplied to primary is I1. So the voltage V1 applied to the
primary is partly dropped by I1Z1 or I1R1 + j.I1X1 before it
appears across primary winding. The voltage appeared across
winding is countered by primary induced emf E1. So voltage
equation of this portion of the transformer can be written as,

From the vector diagram above, it is found that the total
primary current I1 has two components, one is no - load
component Io and the other is load component I2′. As this
primary current has two components or branches, so there must be a parallel path with
primary winding of transformer. This parallel path of electric current is known as excitation
branch of equivalent circuit of transformer. The resistive and reactive branches of the
excitation circuit can be represented as

The load component I2′ flows through the
primary winding of transformer and induced

voltage across the winding is E1as shown in
the figure right. This induced voltage E1
transforms to secondary and it is E2 and load
component of primary current I2′ is
transformed to secondary as secondary
current I2. Current of secondary is I2. So the
voltage E2 across secondary winding is

partly

I2R2 +

dropped
byI2Z2 or
j.I2X2 before it appears across load. The load
voltage is V2.

Now if we see the voltage drop in secondary from primary side, then it would be
′K′ times greater and would be written as K.Z2.I2.
Again I2′.N1 = I2.N2

Therefore,

From above equation, secondary impedance of transformer referred to primary is,

So, the complete equivalent circuit of transformer referred to primary is shown in the
figure below,

Circuit Diagram:

Procedure:
1.
2.
3.
4.
5.
6.

Open Matlab-->Simulink--> File ---> New---> Model
Open Simulink Library and browse the components
Connect the components as per circuit diagram
Set the desired voltage and current
Simulate the circuit using MATLAB
Plot the waveforms

Graph:

Result:

Expt. 4 SIMPLIFIED MODEL OF SYNCHRONOUS MACHINE
Aim: To obtain step response of rotor angle and generator frequency of a
synchronous machine

Apparatus: MATLAB
Circuit Diagram:

Procedure:
1.
2.
3.
4.
5.
6.

Open File ---> New---> Model
Open Simulink Library and browse the components
Connect the components as per circuit diagram
Set the desired voltage and required frequency
Simulate the circuit using MATLAB
Plot the waveforms
102

Graph:

Expt 5. LOAD FREQUENCY CONTROL OF A SINGLE AREA
POWER SYSTEM
Aim: To obtain the frequency response of single and two area power system using MATLAB
Apparatus: MATLAB 6.1

D = damping coefficient
GG – gain of generator
GT - gain of turbine
GP - gain of power
KP – power system constant
KT- turbine constant
KG- generator constant
TP – power system time constant
TG- generator time constant

Active power control is one of the important control actions to be perform to be normal operation
of the system to match the system generation with the continuously changing system load in order
to maintain the constancy of system frequency to a fine tolerance level. This is one of the foremost
requirements in proving quality power supply. A change in system load cases a change in the speed
of all rotating masses (Turbine – generator rotor systems) of the system leading to change in
system frequency. The speed change form synchronous speed initiates the governor control
(primary control) action result in the entire participating generator

– turbine units taking up the change in load, stabilizing system frequency. Restoration of
frequency to nominal value requires secondary control action which adjusts the load - reference
set points of selected (regulating) generator – turbine units. The primary objectives of
automatic generation control (AGC) are to regulate system frequency to the set nominal value
and also to regulate the net interchange of each area to the scheduled value by adjusting the
outputs of the regulating units. This function is referred to as load – frequency control (LFC).

PROCEDURE:
1. Enter the command window of the MATLAB.
2. Create a new Model by selecting File - New – Model.
3. Pick up the blocks from the simulink library browser and form a block diagram.
4. After forming the block diagram, save the block diagram.
5. Double click the scope and view the result.

SIMULINK RESULTS:
Single Area Power System Block Diagram

Graph:

Expt 6.MATLAB Program to Solve Swing Equation using Point‐by‐Point Method
Aim: To solve the swing equation of the given problem by using point‐by‐point method and write a
MATLAB program to verify the result.
PROBLEM:
A 20 MVA, 50Hz generator delivers 18MW over a double circuit line to an infinite bus. The generator
has KE of 2.52MJ/MVA at rated speed. The generator transient reactance is Xd=0.35p.u. Each
transmission circuit has R=0 and a reactance of 0.2pu on 20 MVA Base. |E|=1.1 p.u and infinite bus
voltage V=1.0. A three phase short circuit occurs at the midpoint of one of the transmission lines. Plot
swing curves with fault cleared by simultaneous opening of breakers at both ends of the line at 6.25
cycles after the occurrence of fault. Also plot the swing curve over the period of 0.5 s if the fault
sustained.
Solve the swing equation by point‐by point method theoretically and verify using MATLAB Program.
Comment on system stability.
THEORY:
MATLAB PROGRAM:

Program 1: Save this part in another m‐file with name swing.m
%Defining the function swing
function[time ang]=swing(tc)
k=0;v=1;E=1.1;pm=0.9;T=0.5;delT=0.05;ddelta=0;time(1)=0;ang(1)=21.64;xdf=1
.25;xaf=0.55;t=0;
delta=21.64*pi/180;i=2;
m=2.52/(180*50);
while t<T
if t<tc
x=xdf;
else x=xaf;
end
pmax=(E*v)/x;
pa=pm‐pmax*sin(delta);
ddelta=ddelta+(delT^2*(pa/m));
delta=(delta*180/pi+ddelta)*(pi/180);
deltadeg=delta*180/pi;
t=t+delT;
time(i)=t;
ang(i)=deltadeg;
i=i+1;

end
end
Program 2: Main program that is dependent on swing.m
%solution of Swing equation by point‐by‐point method
clc
clear all
close all
for i=1:2
tc=input('enter the value of clearing time:\n');
[time,ang]=swing(tc)
t(:,1)=time;
a(:,i)=ang;
end
plot(t,a(:,1),'*‐',t,a(:,2),'d‐')
axis([0 0.5 0 inf])
t,a
Inputs to main program:
Enter the value of clearing time as 0.25 sec, and 5 sec
EXPECTED OUTPUT:

RESULT:

Expt 7 .SMALL–SIGNAL STABILITY ANALYSIS OF SINGLEMACHINE- INFINITE BUS(SMIB) SYSTEM
AIM:
To write a MATLAB program for analyzing the small-signal stability of a single-machineinfinite bus system, assuming classical model of the generator (constant voltage behind
transient reactance)
THEORY:
Power system stability may be broadly defined as that property of a power system that enables
it to remain in a state of operating equilibrium under normal operating conditions and to regain
an acceptable state of equilibrium after being subjected to a disturbance
Power system stability may be broadly classified as (i) rotor angle stability and (ii) voltage
stability. Rotor angle stability is the ability of interconnected synchronous machines of a power
system to remain in synchronism.
Rotor angle stability can be further classified in to Transient stability and small signal stability
depending on the type of disturbance. Transient stability is the rotor angle stability study of a
system following large disturbances.
Small signal (or small disturbance) stability is the ability of the power system to maintain
synchronism under small disturbances. The disturbances are considered sufficiently small for
linearization of system equations to be permissible for purpose of analysis. Instability that may
result can be of two forms.
I.

Steady increase in rotor angle due to lack of sufficient synchronizing torque.

II. Rotor oscillations of increasing amplitude due to lack of sufficient damping torque. There
are four modes of oscillations causing small signal instability in a power system. They are:

•

Local Modes or Machine System Modes are associated with the swinging of units at a
generating station with respect to the rest of the power system. The frequency range of
oscillation is (0.8 to 2) Hz.
•

Inter area Modes are associated with the swinging of many machines in one part of the
system against machines in other parts. The frequency range for inter area modes is (0.2 to
0.8) Hz.

•

Control Modes are associated with generating units and other controls.

•

Torsional Modes are associated with the turbine-generator shaft system rotational
components.

Numerical Example :
The test system considered for small signal stability analysis is the single machine infinite bus
system from kundur (1994).

Fig.1. Single line diagram of SMIB system
Figure shows the system representation applicable to thermal generating station consist
of four 555MVA,24kV, 60Hz units.
The network reactances shown in the figure are in per unit on 2220MVA,24kV base (referred
to the LT side of the step-up transformer).Resistances are assumed to be negligible.
The post fault system condition in per unit on the 2220MVA,24kV base is
as follows
P=0.9 Q=0.3(over excited) Et=1.0 36° EB=0.995∟0°
The generators are to be modeled as a single euivalenct generator represedted by the classical
model with the following parameters expressed in per unit of 2220 MVA 24kV base

Xd=0.3

H=3.5MW-s/MVA

Program:
p=0.9;q=0.3;et=1.0;anget=0.628;eb=0.995;angeb=0;xd=.3*i;f=60;xtr=.15*i;x1=.5*i;x2=.93*i;
h=input('enter the value of inertia:');

fault=input('enter the line
no:'); if fault==1
xt=xd+xtr+x2;
else
xt=xd+xtr+x1; end
it=conj((p+q*i)/et);
edas=et+(xd*it);
angedas=angle(edas);
delta=anget+angeb+angedas;
ks=(edas*eb*cos(delta))/xt;
kd=input('enter the value of kd:'); A=[kd/(2*h) -abs(ks)/(2*h); (2*pi*f) 0 ]
lamda=eig(A)
[v d]=eig(A)
l=inv(v)
p=abs(v.*1)
s2=det(A);
wn=sqrt(s2);
f=sqrt(s2)/(2*pi)
s1=-(-kd/(2*h))+0;
zita=s1/(2*wn)
wd=wn*(sqrt(1(zita*zita))); wdh=wd/(2*pi)
%for plots using zero input
response th=acos(zita);
t=0:01:3; dd=anget/sqrt(1-zita^2)*exp(zita*wn*t).*sin(wd*t+th); d=(delta+dd)*180/pi;
%relative to synchronously revolving field dw=wn*anget/sqrt(1-zita^2)*exp(-zita*wn*t).*sin(wd*t);
ff=f+dw;
subplot(2,1,1),plot(t,d),grid
xlabel('t sec'),ylabel('delta degre')
subplot(2,1,2),plot(t,ff),grid
xlabel('t sec'),ylabel('rotor speed ')

Output:
CASE-1: After the clearance of fault on line-1
INERTIA
CONSTANT,H

EIGEN
VALUES

KD
0

3.5

10

0 + 4.3028i
0 - 4.3028i
-0.7143 + 4.2431i

DAMPING
RATIO

4.3028

ωn (Hertz)
0.6848

0

4.3028

-0.1660

0.6848

4.3028

0.1660

0.6848

0

0.4842

-0.1174

0.4842

-0.7143 - 4.2431i
-10

0

0.7143 + 4.2431i
0.7143 - 4.2431i
0 + 3.0425i
0 - 3.0425i

7.0

ωn (rad/sec)

10

-10

-0.3571 + 3.0215i
-0.3571 - 3.0215i

3.0425

3.0425

0.3571 + 3.0215i
0.3571 - 3.0215i

3.0425

0.1174

0.4842

CASE-2:
After the clearance of fault on line-2
INERTIA
CONSTANT,H

EIGEN
KD

VALUES
0

0 + 6.3866i

DAMPING
ωn (rad/sec)
6.3866

0 - 6.3866i
10

-0.7143 + 6.3465i
-0.7143 - 6.3465i

RATIO

0

ωn (Hertz)
1.0165

6.3866

-0.1118

1.0165

6.3866

0.1118

1.0165

3.5
-10

0.7143 + 6.3465i
0.7143 - 6.3465i

0

0 + 4.5160i
0 - 4.5160i

4.5160

0

0.7187

10

-0.3571 + 4.5019i
-0.3571 - 4.5019i

4.5160

-0.0791

0.7187

-10

0.3571 + 4.5019i
0.3571 - 4.5019i

4.5160

0.0791

0.7187

7.0

(i) KD = 0

RESULTS:
An increase in damping torque coefficient KD increases the damping ratio, whereas
an increase in inertia constant decreases both ωn and .

Expt 8. Modeling IEEE excitation systems in MATLAB SIMULINK
AIM: Modeling IEEE excitation systems in MATLAB SIMULINK
APPARATUS:
1) MATLAB Software
2) Sim Power System Toolbox
THEORY:
1. What is Excitation system?
2. What are types of excitation systems?

AC EXCITATION SYSTEMS:

Vref
The reference value of the stator terminal voltage, in p.u.
Vt
The measured value in p.u. of the stator terminal voltage of the controlled Synchronous Machine
block. Ifd
The measured value in p.u. of the stator field current of the controlled Synchronous Machine
block. Vstab
Connect this input to a power system stabilizer to provide additional stabilization of power system oscillations.
When you do not use this option, connect to a Simulink ground block. The input is in p.u. Efd
The field voltage to apply to the Vf input of the controlled Synchronous Machine block. The output is in p.u.

DC EXCITATION SYSTEMS:

Vref
The reference value of the stator terminal voltage, in p.u.
Vt
The measured value in p.u. of the stator terminal voltage of the controlled Synchronous Machine
block. Vstab
Connect this input to a power system stabilizer to provide additional stabilization of power system oscillations.
When you do not use this option, connect to a Simulink ground block. The input is in p.u. Efd
The field voltage to apply to the Vf input of the controlled Synchronous Machine block. The output is in p.u.

STATIC EXCITATION SYSTEMS

Vref
The reference value of the stator terminal voltage, in p.u.
Vt
The measured value in p.u. of the stator terminal voltage of the controlled Synchronous Machine
block. It
It The measured value in p.u. of the stator terminal current of the controlled Synchronous Machine block.
Ifd
The measured value in p.u. of the stator field current of the controlled Synchronous Machine
block. Vstab
Connect this input to a power system stabilizer to provide additional stabilization of power system oscillations.
When you do not use this option, connect to a Simulink ground block. The input is in p.u. Efd
The field voltage to apply to the Vf input of the controlled Synchronous Machine block. The output is in p.u.

CONCLUSION:
“IEEE Recommended Practice for Excitation System Models for Power System Stability Studies” gives the model
ing of different excitation systems.

Expt 9. Modeling of Turbine and Governor System
Aim :‐ Modeling of Turbine and Governor System
APPARATUS:
1) MATLAB Software
2) Sim Power System Toolbox
Theory:‐
1.Explain in detail the turbine and governor
MATLAB SIMULATION:

OBSERVATION :Observe the speed regulation waveform in which speed regulations are reduced
to zero.
CONCLUSION:From this Experiment, we have studied turbine and governor modeling.

Expt. 10 MODELING OF FACTS DEVICES USING SIMULINK
AIM : MODELING OF FACTS DEVICES USING SIMULINK
SOFTWARE REQUIRED: MATLAB SIMULINK
THEORY
Today’s power grids are driven closer to their transfer capacities due to the increased consumption
and power transfers, endangering the security of the system. Flexible AC transmission systems (FACTS)
have gained a great interest during the last few years, due to recent advances in power electronics. On the
other hand, FACTS devices are a powerful technology that can solve many outstanding problems in power
systems. FACTS devices have been mainly used for solving various power system steady state control
problems such as voltage regulation, power flow control, and transfer capability enhancement. e.g. by
improving the voltage profile or increasing the transfer capacity of a system without the need of new lines
Generally, it is not cost‐effective to install FACTS devices for the sole purpose of power system stability
enhancement.
There are two generations for realization of power electronics‐based FACTS controllers: the first
generation employs conventional thyristor‐switched capacitors and reactors, and quadrature tap‐changing
transformers, the second generation employs gate turn‐off (GTO) thyristor‐switched converters as voltage
source converters (VSCs).
The thyristor‐controlled group employs capacitor and reactor banks with fast solid‐state switches
in traditional shunt or series circuit arrangements. The thyristor switches control the on and off periods of
the fixed capacitor and reactor banks and thereby realize a variable reactive impedance. Except for losses,
they cannot exchange real power with the system.
SERIES COMPENSATION
In series compensation, the FACTS is connected in series with the power system. It works as a
controllable voltage source. Series inductance occurs in long transmission lines, and when a large current
flow causes a large voltage drop. To compensate, series capacitors are connected.

Series Compensation

SHUNT COMPENSATION
In shunt compensation, power system is connected in shunt (parallel) with the FACTS. It works as a
controllable current source. Shunt compensation is of two types:

Shunt Compensation
SHUNT CAPACITIVE COMPENSATION
This method is used to improve the power factor. Whenever an inductive load is connected to the
transmission line, power factor lags because of lagging load current. To compensate, a shunt capacitor is
connected which draws current leading the source voltage. The net result is improvement in power factor.
SHUNT INDUCTIVE COMPENSATION
This method is used either when charging the transmission line, or, when there is very low load at
the receiving end. Due to very low, or no load – very low current flows through the transmission line.
Shunt capacitance in the transmission line causes voltage amplification (Ferranti Effect). The receiving end
voltage may become double the sending end voltage (generally in case of very long transmission lines). To
compensate, shunt inductors are connected across the transmission line.
EXAMPLES OF SERIES COMPENSATION
1. Static synchronous series compensator (SSSC).
2. Thyristor‐controlled series capacitor (TCSC): a series capacitor bank is shunted by a thyristor‐
controlled reactor.
3. Thyristor‐controlled series reactor (TCSR): a series reactor bank is shunted by a thyristor‐
controlled reactor.
4. Thyristor‐switched series capacitor (TSSC): a series capacitor bank is shunted by a thyristor‐
switched reactor.
5. Thyristor‐switched series reactor (TSSR): a series reactor bank is shunted by a thyristor‐
switched reactor.

Examples of FACTS for series compensation (schematic)
EXAMPLES OF SHUNT COMPENSATION

Examples of FACTS for shunt compensation (schematic)
Static synchronous compensator (STATCOM); previously known as a static condenser (STATCON)
Static VAR compensator (SVC). Most common SVCs are:
Thyristor‐controlled reactor (TCR): reactor is connected in series with a bidirectional thyristor valve. The
thyristor valve is phase‐controlled. Equivalent reactance is varied continuously.
Thyristor‐switched reactor (TSR): Same as TCR but thyristor is either in zero‐ or full‐ conduction. Equivalent
reactance is varied in stepwise manner.
Thyristor‐switched capacitor (TSC): capacitor is connected in series with a bidirectional thyristor valve.
Thyristor is either in zero‐ or full‐ conduction. Equivalent reactance is varied in stepwise manner.
Mechanically‐switched capacitor (MSC): capacitor is switched by circuit‐breaker. It aims at compensating
steady state reactive power. It is switched only a few times a day.

FACTS

OUTPUT

RESULT The advent of high power electronic devices has led to the development of FACTS Technology. The
FACT device modeling was studied and simulated using simulation software.

