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LIST OF EXPERIMENTS IN ELECTRICAL SIMULATION LAB

1. Verification of Network Theorems
1) Superposition theorem.
i) Thevenin’s theorem.

i) Maximum power transfer theorem.

2. Transient responses of series RLC, RL, RC dsawmith Sine and Step

inputs.
. Series and Parallel resonance.
. Bode plot, Root-locus plot and Nyquist plot.
. Transfer function analysis of
1) Time response of step input
i) Frequency response for sinusoidal input.
. Design of lag, lead and lag-lead compensators.
. Load flow studies.
. Fault analysis.
. Transient stability studies.

10. Economic power scheduling
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INTRODUCTION TO MATLAB

The name MATLAB stands for MATrix LABoratory. MATLB was written originally to
provide easy access to matrix software developeth®y INPACK (linear system package)
and EISPACK (Eigen system package) projects.

MATLAB is a high-performance language for technicamputing. It integrates computation,
visualization, and programming environment. Funth@e, MATLAB is a modern
programming language environment: it has sophigtiitalata structures, contains built-in
editing and debugging tools, and supports objeeirted programming. These factors maksg
MATLAB an excellent tool for teaching and researdMATLAB has many advantages
compared to conventional computer languages (EgFORTRAN) for solving technical
problems. MATLAB is an interactive system whoseibakata element is an array that does
not require dimensioning. The software packagebesn commercially available since 1984
and is now considered as a standard tool at mognsities and industries worldwide.

It has powerful built-in routines that enable aywwide variety of computations. It also has
easy to use graphics commands that make the \aatiah of results immediately available.
Specific applications are collected in packagesrretl to as toolbox. There are toolboxes fg
signal processing, symbolic computation, contrebtly, simulation, optimization, and several
other fields of applied science and engineering.

. MATLAS R3013a
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This is the default layout of MATLAB version usedour laboratory.

The main window is the Command Window. You can typehere any command that is
available in MATLAB.

The second window in importance is the workspdétes is the current state of memory in
MATLAB. The entire variables that are being usedtigere. The command history and thg
current folder are just useful tool that you came bsit they are not essential to understan
MATLAB.

Using MATLAB as a calculator:

As an example of a simple interactive calculatipust type the expression you want to
evaluate. Let’s start at the very beginning. Foaregle, let’'s suppose you want to calculatg
the expression, 1 + 2 x 3. You type it at the proogmmand (>>) as follows,

>> 1+2*3

ans =7

You will have noticed that if you do not specify antput variable, MATLAB uses a default
variable ans, short for answer, to store the respiitthe current calculation. Note that thg
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variable ans is created (or overwritten, if it lileady existed). To avoid this, you may assign

value to a variable or output argument name.

For example,

>>x = 1+2*3

x = 7 will result in x being given the value 1 23 = 7. This variable name can always b
used to refer to the results of the previous coatputs. Therefore, computing 4x will result in
>> 4*x

ans = 28.0000

Basic arithmetic operators

SyuBoL (OPERATION EXAMPLE
+ Addition 243
Subtraction 2-—-3

Multiplication 2%3
Division 2/3

Elementary functions

cos(x) Cosine abs(x) Absolute value

sin(x) Sine sign(x)  Signum function

tan(x) Tangent max(x) Maximum value

acos(x)  Arc cosine min(x) Minimum value

asin(x)  Arc sine ceil(x) Round towards +oc
atan(x)  Arc tangent floor(x) Round towards —oc
exp(x) Exponential round(x) HRound to nearest integer
sqrt(x)  Square root rem(x) Remainder after division
log(x) Natural logarithm | angle(x) Phase angle

logiO(x) Common logarithm | conj(x) Complex conjugate

Predefined constant values

pi  The m number, 7 =3.14159. ..
i,j The imaginary unit i, /=1
Inf The infinity, oc

NaN Not a number

MATLAB by default displays only 4 decimals in thesult of the calculations, for example
-163.6667, as shown in above examples. However, M¥BIdoes numerical calculations in
double precision, which is 15 digits. The commandmiat controls how the results of
computations are displayed. Here are some exaroptee different formats together with the
resulting outputs.
>> format short
>> x=-163.6667
If we want to see all 15 digits, we use the commfanchat long
>> format long
>> x=-1.636666666666667e+002
To return to the standard format, enter formattsloo simply format. There are several othe
formats. For more details, see the MATLAB documtaia or type help format.
Managing the workspace
The contents of the workspace persist between #ezudions of separate commands
Therefore, it is possible for the results of onelyem to have an effect on the next one. T
avoid this possibility, it is a good idea to issmeclear command at the start of each ne
independent calculation.

4
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>> clear

The command clear or clear all removes all varmlbtem the workspace. This frees up
system memory.

In order to display a list of the variables cuthgim the memory, type

>>who

while, whos will give more details which includezsj space allocation, and class of th¢
variables.

Here are few additional useful commands:

* To clear the Command Window, type clc

» To abort a MATLAB computation, type ctrl-c

» To continue a line, type . . .

HELP:

To view the online documentation, select MATLAB plétom Help menu or MATLAB Help
directly in the Command Window. The preferred mdtisoto use the Help Browser. The Help
Browser can be started by selecting the ? icon fileendesktop toolbar. On the other hand
information about any command is available by tgpin

>> help Command




ELECTRICAL SIMULATION LAB(EE431) B.E. IV/IV, | SEM

EXPERIMENT NO: 1

VERIFICATION OF NETWORK THEOREMS
I) SUPERPOSITION THEOREM.
II) THEVENIN’S THEOREM.

III) MAXIMUM POWER TRANSFER THEOREM.

AIM:_ To verify Superposition theorem, Thevenin’s thegréharton’s theorem and Maximum power
Transfer theorem.

SOFTWARE USED : MULTISIM / MATLAB Simulink

SUPERPOSITION THEOREM:

“In a linear network with several independent sourceiwinclude equivalent sources due to initia
conditions, and linear dependent sources, the bvesponse in any part of the network is equal t
the sum of individual responses due to each indégr@rsource, considered separately, with all othgjr
independent sources reduced to zero”.

Procedure:
Step 1:

1. Make the connections as shown in the circuit diagtay using MULTISIM/MATLAB
Simulink.

. Measure the response ‘I' in the load resistor hyswtering all the sources 10V, 15V and 8
in the network.

Step 2:

1. Replace the sources 15V and 8V with their intenmg@edances (short circuited).

2. Measure the response ‘I1’ in the load resistocdnysidering 10V source in the network.
Step 3:

1. Replace the sources 10V and 8V with their intenmg@edances (short circuited).

2. Measure the response ‘12’ in the load resistordrysadering 15V source in the network.
Step 4:

1. Replace the sources 10V and 15V with their inteima@ledances (short circuited).

2. Measure the response ‘I3’ in the load resistordrystdering 8V source in the network.

The responses obtained in step 1 should be eqtiz tsum of the responses obtained in step 2, 3 ajpd

[=11+12+13
Hence Superposition Theorem is verified.
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Continuous

powergui Step 1 : By Considering All Sources In The Network

R1=10 Ohms V2=15V R2=12 Ohms R3=1 Ohm

AN e e AAA — s AN — -

% RL=15 Ohms
+

'|' V3=8V

Step 3 : By Considering 15 V Sources In The Network

R1=10 Ohms V2=15V R2=12 Ohms

Current through Load Resistor 15 Ohms:

Considerning 10V Source 11: 0.2667A With all the sourcesin the networkl = 0.1111A
Considering 15V Source 12 :-0.3333A 1=11+12+13
Considering 8V Source 13 :0.1778A
Hence SuperPosition Theorem is Verified.
Total Current : 11+12+13=0.2667-0.3333+0.L/ /5
=0.1112A

Step 2 : By Considering 10 V Sources In The Network

R1=10 Ohms V2=0V R2=12 Ohms

— AV AN e AAA

% RL=15 Ohms

R3=1 Ohm

d
I

Step 4 : By Considering 8V Sources In The Network

R1=10 Ohms V2= R2=12 Ohms

— AN AN

% RL=15 Ohms

R3=1 Ohm

AN
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THEVENIN'S THEOREM:

“Any two terminal network consisting of linear ingiences and generators may be replaced at the tjjo
terminals by a single voltage source acting inesewith an impedance. The voltage of the equivale(jt
source is the open circuit voltage measured atettminals of the network and the impedance, kno

as Thevenin’s equivalent impedancey,Zis the impedance measured at the terminals Jiittha
independent sources in the network reduced to”"zero

Procedure:
Step 1:

1. Make the connections as shown in the circuit diagtay using MULTISIM/MATLAB
Simulink.

2. Measure the response ‘I' in the load resistor ysatering all the sources in the network.
Step 2: Finding Thevenin’s Resistance(R)

1. Open the load terminals and replace all the sowntbstheir internal impedances.

2. Measure the impedance across the open circuit@cinar which is known as Thevenin’'s
Resistance.

Step 3: Finding Thevenin’s Voltage(My)

1. Open the load terminals and measure the voltagessdtne open circuited terminals.

2. Measured voltage will be known as Thevenin’s Vadtag
Step 4: Thevenin’s Equivalent Circuit

1. V4 and Ry are connected in series with the load.

Vry
Rty+RL )

2. Measure the current through the load resiktet

Current measured from Thevenin’s Equivalent Cirshibuld be same as current obtained from thE
actual circuit.

I.

Hence Thevenin’'s Theorem is Verified.
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powergui Step 1 : By Considering All Sources In The Network

R1=10 Ohms V2=15V R2=12 Ohms

% RL=15 Ohms

!

]'

Step 3 : Finding Thevenin's Voltage

R1=10 Ohms V2=15V R2=12 Ohms R3=1 Ohms

e AAA e AAA o

Open circuited RL

'l' 3=8V
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Continuous THEVENIN'S THEOREM

Step 2

R1=10 Ohms

— AN

: Finding Thevenin's Resistance

V2=0V R2=12 Ohms

————— AN

L—=
——E

Step 4 : Theven

in's Equivalent Network

Rth=5.4545 Ohms

RL=15 Ohms

[ 0TI

Open Circuit Voltage Vth = 2.273V With all the sourcesin the network Current through Load Resistor 15 Ohms: 1=0.1111A

Thevenin's Resistance = 5.45450hms
Current through Load Resistor 15 OhmsIL = 0.1111A

I=IL

Hence Thevenin's Theorem is Verified.
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NORTON'S THEOREM:

“Any two terminal network consisting of linear inggences and generators may be replaced at its t{yo
terminals, by an equivalent network consisting ofsiagle current source in parallel with an
impedance. The equivalent current source is the shrouit current measured at the terminals armd t
equivalent impedance is same as the Thevenin'valguit impedance”.

Procedure:
Step 1:

1. Make the connections as shown in the circuit diagtay using MULTISIM/MATLAB
Simulink.

2. Measure the response ‘I’ in the load resistor hysatering all the sources in the network.
Step 2: Finding Norton’s Resistance(R)

1. Open the load terminals and replace all the sowtbstheir internal impedances.

2. Measure the impedance across the open circuitedinar which is known as Norton’s
Resistance.

Step 3: Finding Norton’s Current(l )

1. Short the load terminals and measure the curreotgn the short circuited terminals.

2. Measured current is be known as Norton’s Current.
Step 4: Norton’s Equivalent Circuit

1. Ry and | are connected in parallel to the load.

2. Measure the current through the load resi$ior %.
N L

Current measured from Norton’s Equivalent Circlib@sld be same as current obtained from thig
actual circuit.

IL.

Hence Norton’'s Theorem is Verified.



ELECTRICAL SIMULATION LAB(EE431)

Continuous

powergui

+
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NORTON'S THEOREM

Step 1 : By Considering All Sources In The Network Step 2: Finding Norton's Resistance

R1=10 Ohms

— oA e e AAA s AN — A A

ve=15y  R2=12 Ohms R3=1 0hm R1=10 Ohms v2=ov ~ R2=120Ohms

RL=15 Ohms
—8

[ o]

Step 3 : Finding Norton's Current

R1=10 Ohms

—=—«/\/w—»—T4|*—H4vv»—r«4vv»—P

Step 4 : Norton's Equivalent Network

v2=15y  R2=12 Ohms R3=1 Ohms

Rth=5.4545 Ohm“,r RL=15 Ohms

Open circuited RL PS-Simulink

Converter

f(x)=0

]
:
|

9

Norton's Current

Norton's Resistance

Current through Load Resistor 15 Ohms

|

Solver

Configuration l

. ) . Electrical Reference
0.4167 A With all the sourcesin the network Current through Load Resistor 15 Ohms: 0.1111A

5.45450hms

0.1111A ) .
Hence Norton's Theorem is Verified.
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MAXIMUM POWER TRANSFER THEOREM:

“In any circuit the maximum power is transferredite load when the load resistance is equal to tlfe
source resistance. The source resistance is egtra Thevenin’s equal resistarice

Procedure:
Step 1:

1. Make the connections as shown in the circuit diagog using Multisim/MATLAB Simulink.

2. Measure the Power across the load resistor by dersg all the sources in the network.
Step 2: Finding Thevenin’s Resistance(R)

1. Open the load terminals and replace all the sowntstheir internal impedances.

2. Measure the impedance across the open circuitecinar which is known as Thevenin’s
Resistance.

Step 3: Finding Thevenin’s Voltage(My)

1. Open the load terminals and measure the voltagssdtne open circuited terminals.

2. Measured voltage will be known as Thevenin’s Vadtag
Step 4: Measuring Power for different Load Resistos

1. V4 and Ry are connected in series with the load.

. Measure power across the load by considerireRR.

. V2
. Measure power by using)= f.
L

. Verify the power for different values of load rasis(i.e. R>Rryand R<Rry)

Power measured from the above steps results innmemipower dissipation when 8Ry.

Hence Maximum Power Transfer Theorem is verified.
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Continuous MAXIMUM POWER TRANSFER THEOREM

POWergui giep 1 : By Considering All Sources In The Network
Step 2: Finding Thevenin's Resistance

R1=10 Ohms v2=15v ~ R2=120hms R3=1 Ohm R1=10 Ohms v2=0v  R2=12 Ohms R3=1 Ohm

AN~ i e AAN— AN = ——aANN— = AANN— s AN — =

-

% RL=5.4545 Ohms T Va8
——a

Step 4 : Powerin Load Resistorswith RL=RTH, RL>RTH, RL<RTH

Step 3 : Finding Thevenin's Voltage
Rth=5.4545 Ohms Rth=5.4545 Ohms Rth=5.4545 Ohms

e AMA— ———— AN~ ——— AN~

R1=10 Ohms V2=15V R2=12 Ohms R3=1 Ohms

F e AAA— s —AAA— o

=] vih=2.273v ﬂ_l_— Vth=2.273V ﬂ_l_— Vth=2.273V

RL=6 Ohms
RL=5.4545 Ohm RL=5 Ohms

Open circuited RL T

-

'l' V3=8V

Power across Load when RL=6 Ohms
Open Circuit Voltage Vth = 2.273V Outl
Thevenin's Resistance = 5.45450hms out2 > |:| Power across Load when RL=5 Ohms

Power acroos the load in the original circuit =0.2367 Watts
Power across Load circuit when RL=Rth=5.4545 is = 0.2368 Watts Out3 |:| Power acroos load when RL=RTH
Power across Load when RL=5 Ohmsis =0.2364 Watts

: Out4 |—|
Power across Load when RL=6 Ohmsis = 0.2367 Watts > Power in Original Circuit

Power Measurements for different resistors
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M-File Program for Maximum Power Transfer Theorem:

clc;

close all ;

clear all ;

v=input( 'Enter the Voltage in Volts ' );
rth=input(  'Enter the value of Thevenins Resistance:’ );
rl=1:0.0001:12;

i=v./(rth+rl);

p=i."2.*1l;

plot(rl,p);

grid;

title( '‘Maximum Power' );

xlabel( 'Load Resistance in Ohms------- >' );
ylabel( 'Power Dissipation in watts-------- >' );

Maximum Power
0.24

7 ) et R N

0.2

016 {- -

Power Dissipation in watts—---—-->

0.14F-~--------

{
|
|
|
|
|
|
|
|
|
|
|
I
|
|
l
0.18F---F-—--m g B e T
|
|
|
|
|
!
|
|
|
|
|
|
I
|
|
|
|
|
1

0.12

10 15 20 25

Results and DiscussionsSuper Position Theorem, Thevenin’s Theorem, Nostditieorem and
Maximum Power Transfer Theorem are verified by g9MATLAB Simulink /MULTISIM.
* The various circuit components are identified amduits are formed in simulation
environment.

» Use of network theorem in analysis can be demaestia this simulation exercise.

14
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EXPERIMENT NO: 2

TRANSIENT RESPONSES OF SERIES RLC, RL, AND RC CIRCUITS
WITH SINE AND STEP INPUTS

AIM:_ To study the transient analysis of RLC, RL andd®Cuits for sinusoidal and step inputs.

SOFTWARES USED: MATLAB Simulink / MULTISIM
THEORY:

The transient response is the fluctuation in euramd voltage in a circuit (after the applicatadra step
voltage or current) before it settles down to iesady state. This lab will focus on simulation efiss
RL (resistor-inductor), RC (resistor-capacitor)d&LC (resistor inductor-capacitor) circuits to
demonstrate transient analysis.

Transient Response of Circuit Elements:

A. Resistors: As has been studied before, the apiplicaf a voltage V to a resistor (with resistance
R ohms), results in a current |, according to tirenula:

I =VIR
The current response to voltage change is instaatem a resistor has no transient response.

B. Inductors: A change in voltage across an industath(inductance L Henrys) does not result in
an instantaneous change in the current througtné.i-v relationship is described with the
equation: v=L di/ dt
This relationship implies that the voltage acrassnauctor approaches zero as the current in the
circuit reaches a steady value. This means thefd& circuit, an inductor will eventually act
like a short circuit.

C. Capacitors: The transient response of a capasitsuah that it resists instantaneous change in
the voltage across it. Its i-v relationship is ddsed by: i=C dv /dt
This implies that as the voltage across the capa@tches a steady value, the current through it

approaches zero. In other words, a capacitor eabytacts like an open circuit in a DC circuit.
15
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Series Combinations of Circuit Elements: Solving tircuits involves the solution of first and

second order differential equations.

Simmidal Repon= of SeriesflLC Cinoit
B_

Jrsave = Urder Damped

AT | — .

2

— =
FarUnderDarped R= 00 chrs =1 mill Henry, G =1 mric Farad
Cifically Damped |
FarUnderDamped R= 00 chs L= mill Henry, G =1 mric Farad
Ao s T e ]
FariCritealy Damped R=200 chrs L=Imil Henry. C =1 micro Farad

(e Damped

LTI ]
[ ]

~E
-

16
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Under Damped
I —
_ —— AW\ For Under Damped R=100 ohms, L=1mill Henry, C =1 micro Farad
Step SimulinkPS Resist oltage Sensor
Converter Controlled Voltage esistor r B—l For Under Damped R=100 ohms, L=1mill Henry, C =1 micro Farad
Source Capacitor == BblPS S
— For Criticaly Damped R=200 ohms, L=1mill Henry, C =1 micro Farad
(=0 PS-Simulink
P Converter
Solver ’
Configuration Inductor
L
"= Electrical Reference
Critically Damped
SPS |z
- 1AM\~
Stepl  SimulinkPS
Converterl Controlled Voltage
S 1
ource . b EE | E >
(X)=0 PS-Simulink > Scope
Converterl
Solver *
Configuration1 Inductorl
L——p| StepRLC
L
"= Electrical Referencel StepRLC
Over Damped
— —————— 1AM\~
Step2  SimulinkPS Resison2 oltage Sensor2
Converter2 Controlled Voltage esstor B—l
Source2 Capacitor2 == B|PS S
f09=0 b PS-Simulink
Converter2
Wan gW
Solver y
Configuration2 Inductor2
L
= Electrical Reference2
Response of RLC circuit for Step Input
14 | | | | | \
— Under Damped
R=100 Ofms P
12 ——— Crtically Damped
— Over Damped
1
D8
=
= R=300 Ohms
=1
=06 / |
=< /
/
04
02 .
0 \ \ \ \ \ \ \ \ \
0 02 04 06 08 1 12 14 16 18 2
Time n Secs —_—> 3
110 1
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l—-—’\/\/\/—

®
|

Sinusoidal Response of Series RC Circuit

R=100 Ohms & C= 1 micro Farad

l—e—f\/\/»—

®

f

R=200 Ohms & C= 1 micro Farad

R=300 Ohms & C= 1 micro Farad

Response Of RC Circuit for Sinusoidal Input
T
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B

=&

1
— Hr-_lzil_\_’E

—_—>

Amplitude

0.2

0.4

Time in Secs _>
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Sinusoidal Response of Series RLC Circuit
Continuous
powergui
AN\ —e——ea—J00 — I§|§|
l_‘ o
R=100 Ohms, L=1milli Henry
D
@
— [
l—e—/\/\/\,— — T o
K=20U unms, L=1milli Henry |§|
‘
f
AN———— T
~=300 Ohms, L=1milli Henry
‘
t
Response of RL circuit for Sinusoidal Input
3 \ \ \
oL R::LOO Ohms a
R=200 Ohms ‘ o
L v N
.
1 T ~
N / ~ -
) / / g
N
2 o- :
£
<
AN \ )
N - “ s
1 ~_ ~—— ~ —
S~ ~
2L _
3 | | | | | | | | |
0 0.2 0.4 0.6 0.8 1 1.2 1.4 1.6 18 2
Time in Secs _—> x 10°
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SPS
—» A
Step Simulink-PS oltage Sensor
Converter Controlled Voltage Resistor
1 Jres]
= =
[ PS-Simulink
Converter
YT T
Solver
Configuration —
Electrical Reference
R=200 Ohms, L=1milli Henry
SPS 5
—» AN
Stepl SimunkPS oltage Sensorl
Converterl Controlled Voltage Resistorl
S e -
u — \—:E
=0 PS-Simulink Scope
e Converterl
Solver
Configuration1 \nductorl
"= Electrical Referencel StepRL
R=300 Ohms, L=1milli Henry
SPS 5
— AAN-
Step2 Simulink-PS oltage Sensor2
Converter2 Controlled Voltage Resistor2
&P s
u —
(=0 PS-Simulink
. Converter2
Solver =
Configuration2 —
"= Electrical Reference2
Response of RL circuit for Step Input
12 \ \ \
1 .
|
0.8 —
0.6 —
[]
=]
2
g R=100 Ohms
<
0.4 —
0.2 —
0
02 \ ! \ \ \ \ \ \ \
0 0.2 0.4 0.6 0.8 1 1.2 1.4 1.6 1.8 2
Time in Secs —_— > X 10—3
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PROCEDURE:

1. Make the connections as shown in connection diagram

2. Observe the output waveforms across a) RLC b) R&Lc)

3. Change the value of resistance such that the oatgained at each oscilloscope is
) Critically damped.
i) Under damped.
i) Over damped.

RESULTS & DISCUSSIONS The critically damped, under damped, damped regpmnsobserved

for an RLC network in the simulation environment.
* The response to various inputs can be simulated .
* The response of any system designed can be simutaterify its performance and design.

21
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EXPERIMENT NO: 03

SERIES AND PARALLEL RESONANCE

) SERIES RESONANCE:

Aim: - To obtain the plot of of frequency vs, Xrequency vs. ¥, frequency vs. impedance and
frequency vs. current for the given series RLCuitrand determine the resonant frequency and check
by theoretical calculations.

R=15Q,C=10uF, L=0.1H, V=50V vary frequency in steps dfiZ using Matlab.

%Program to find the Parallel Resonance
clc;

clear all
close all

r=input(
[=input(
c=input(
v=input(

‘enter the resistance value----->'
‘enter the inductance value------ >
‘enter the capacitance value----->'

‘enter the input voltage

f=5:2:300;
XI=2*pi*f*l;
xc=(1./(2*pi*f*c));
x=xI-xc;
z=sqrt((r"2)+(x."2));
I=v./z;

%plotting the graph
subplot(2,2,1);

plot(f,xl);

grid;

xlabel(  'frequency’ );
ylabel(  'X1'" ),
subplot(2,2,2);
plot(f,xc);

grid;

xlabel(  ‘frequency’ );
ylabel(  'Xc' );
subplot(2,2,3);

plot(f,z);

grid;

xlabel(  ‘frequency’ );
ylabel(  'Z' );
subplot(2,2,4);

plot(f,i);

grid;

xlabel(  'frequency’ );
ylabel(  'I' );
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PROGRAM RESULT:

enter the resistance value----- >15

enter the inductance value------ >0.1
enter the capacitance value----->10*10"-6

enter the input voltage------- >50

200

150

4000
3000 !
N 2000
1000 }
0 0 | :
0 100 200 300 0 100 200 300
frequency frequency

) PARALLEL RESONANCE(ldeal Circuit) :- To obtain the graphs of frequency vs.,Brequency
vs. B, frequency vs. admittance and frequency vs. ntinrary frequency in steps for the given circuit
and find the resonant frequency and check by thieatealculations.

R =100, C=400uF, L=1H,V =50V vary frequency in steps of 1 #king Matlab.

%Program to find the Parallel Resonance
clc;

clear all;

close all;

r=input(‘enter the resistance value----->');
I=input(‘'enter the inductance value------ >");
c=input(‘enter the capacitance value----->");
v=input(‘enter the input voltage------- >');
f=0:2:50;

XI=2*pi*f*;

xc=(1./(2*pi*f*c));

b1=1./xl,

bc=1./xc;

b=bl-bc;
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g=1/r;
y=sqrt((g"2)+(b."2));
iI=v*y;

%plotting the graph
subplot(2,2,1);
plot(f,bl);

grid;
xlabel(‘frequency’);
ylabel('B1Y);
subplot(2,2,2);
plot(f,bc);

grid;
xlabel(‘frequency’);
ylabel('Bc');
subplot(2,2,3);
plot(f,y);

grid;
xlabel(‘frequency");
ylabel('Y");
subplot(2,2,4);
plot(f,i);

grid;
xlabel(‘frequency);
ylabel('l');

PROGRAM RESULT:

enter the resistance value----- >1000
enter the inductance value------ >1

enter the capacitance value----->400*10"-6

enter the input voltage------- >50

B.E. IV/IV, | SEM
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0.08 \ 0.2
0.06 \ 0.15
B. 0.04 Be 0.1
0.02 0.05
x&
0 0
0 20 40 60 0 20 40 60
frequency frequency
0.2 8
0.15 6
Yy 01 | 4
0.05 \ 2 \v
0 0
0 20 40 60 0 20 40 60
frequency frequency

RESULTS & DISCUSSIONS: Resonance phenomena for series and parallel tsinmere simulated
using MATLAB m-programming.
* MATLAB m- programming allows customizing to our sifation requirement and required
results/graphs can be studied and analyzed.
» Effect of resonance on current and other quaniit@esbe seen
» Effect of L,C parameters on resonant frequencybeaseen from the simulation.
* Current amplification for series circuit are obsstv
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EXPERIMENT - 4

ROOT LOCUS, BODE AND NYQUIST PLOT

B.E. IV/IV, | SEM

ROOT LOCUS:
AIM : To obtain the root locus of the system whose terfsinction is defined by
(S+5)
[C(S) SHIEE——
SN2+7S5+25
PROCEDURE:

1. Input the numerator and denominator co-efficient.

2. Formulate the transfer function using the numeratal denominators co-efficient with the help

of function T =¢(num, den)

3. Plot the root locus of the above transfer functismg rlocus(t).

PROGRAM
%Program to find the root locus of transfer functio
s+5)

% s"2+7s+25

clc;
clear all ;
close all ;

% initialzations
num=input( ‘'enter the numerator coefficients---->'

den=input( 'enter the denominator coefficients---->'

%Transfer function
sys=tf(num,den);
rlocus(sys);

PROGRAM RESULT:
enter the numerator coefficients---->[1 5]
enter the denominator coefficients---->[1 7 25]

n%
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Root Locus
5 T

Imaginary Axis
o
T

Real Axis

BODE PLOT:

THEORY: The gain margin is defined as the change in opem ¢@in required to make the system
unstable. Systems with greater gain margins camstaihd greater changes in system parameters before
becoming unstable in closed loop. Keep in mind timéty gain in magnitude is equal to a gain ofozer

in dB.

The phase margin is defined as the change in amgngdhase shift required to make a closed loop
system unstable.

The phase margin is the difference in phase betweephase curve and -180 deg at the point
corresponding to the frequency that gives us a glfldB (the gain cross over frequency, Wgc).

Likewise, the gain margin is the difference betw#enmagnitude curve and 0dB at the point
corresponding to the frequency that gives us ag@btsl80 deg (the phase cross over frequency, Wpc)

AIM : To obtain the bode plot and to calculate the phaeayin, gain margin, phase cross over and gain
cross over frequency for the systems whose opgntlaasfer function is given as follows.
25(S+1) (S+7)

S(S+2) (S+4) (S+8)
PROCEDURE:

1. Input the zeroes, poles and gain of the given syste
2. Formulate the transfer function from zeroes, pales gain of the system.
3. Plot the bode plot using function bode (t).
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4. Estimate PM,GM, W, and Wsc. Using function margin.

PROCGRAM
%Program to find Bode Plot
% 25(s+1)(s+7)

% _____________

% s(s+2)(s+4)(s+8)
clc;

clear all ;
close all ;

% initialzations
k=input( 'enter the gain---->'

z=input( 'enter the zeros---->'

p=input( ‘'enter the ploes---->
t=zpk(z,p,k);

bode(t);
[Gm,Pm,Wcg,Wcp]=margin(t);
disp(Gm);

disp(Pm);

disp(Wgc);

disp(Wpc);

PROGRAM RESULT:

enter the gain---->25

enter the zeros---->[-1 -7]
enter the ploes---->[0 -2 -4 -8]

Gm= Inf
Pm=63.1105
Wgc= Inf
Wpc= 3.7440

Bode Diagram

50

o

Magnitude (dB)
&
o

-100

-45

Phase (deg)
©
o

'
[y
w
(42}

-180 L I |

. 0
10 10

1 2 3
10 10 10

Frequency (rad/sec)

B.E. IV/IV, | SEM

28




ELECTRICAL SIMULATION LAB(EE431) B.E. IV/IV, | SEM

NYQUIST PLOT:

AlM:
To obtain the Nyquist plot and to calculate thegghanargin, gain margin, phase cross over and
gain cross over frequency for the systems whose lmop transfer function is given as follows.

50(S+1)

1) R ——
S(S+3) (S+5)

PROCEDURE:

Input the zeroes, poles and gain of the given syste

Formulate the transfer function from zeroes, pales gain of the system.
Plot the nyquist plot using function nyquist(t).

Estimate PM,GM, W, and Wsc. Using function margin.

PowbdPE

PROCGRAM
%Program to find the Nyquist Plot

% 50(s+1)

% s(s+3)(s+5)

clc;

clear all ;

close all ;

% initialzations

num=input( ‘'enter the numerator coefficients---->' );
den=input( ‘enter the denominator coefficients---->' );
sys=tf(num,den);

nyquist(sys);

title(  'systeml' ),
[Gm,Pm,Wcg,Wcp]=margin(sys);
disp(Gm);

disp(Pm);

disp(Wgc);

disp(Wpc);

PROGRAM RESULT:
enter the numerator coefficients---->[50 50]
enter the denominator coefficients---->[1 8 15]

Gm= Inf
Pm=98.0516
Wgc=Inf
Wpc=49.6681
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systeml
4 \

Imaginary Axis
CP
h

Real Axis

RESULTS & DISCUSSIONS: Root Locus, Bode plot and Nyquist plot determinsthg the built-in
functions of MATLAB.
* They are a powerful tool to design systems to meguperformance.

* In order to determine the stability of the systesing theroot locus techniquewe find the range

of values of k for which the complete performantéhe system will be satisfactory and the
operation is stable.
» Bode plotsprovides relative stability in terms g&in margin andphase margin
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EXPERIMENT -5

TRANSFER FUNCTION ANALYSIS OF I) TIME RESPONSE FOR
STEP INPUT II) FREQUENCY RESPONSE FOR SINUSOIDAL
INPUT.

AIM: To find the I)Time response for step input 1l) Frequency respdémssinusoidal inpu

| . TIME RESPONSE FOR STEP INPUT:

SOFTWARES USED MATLAB

THEORY: The general expression of transfer function ofasd order control system is giver
C'(s) w?

(et o2 S T .
Ris) 5% 4+ 2(wns + wy

Here,{ andw, are danping ratio and natural frequency of the systemeesvely
There are number of common terms in transient respoharacteristics and which .
1. Delay time (tg) is the time required to reach at 50% of its fivallue by a time response sig
o IR GFE
T =

al
during itsfirst cycle of oscillation @y

2. Rise time(t;) is the time required to reach at final value hynder damped time response si¢
during its first cycle of oscillation. If the sighia over damped, then rise time is counted a:

f3=tan"[ ]',"“1]

time required by the rpsnse to rise from 10% to 90% of its final val

3. Peak time(tp) is simply the time required by response to ratcfirst peak i.e. the peak of fir

r=%__2%

) 9 A=
cycle of oscillation, or first overshoc d @, c

ka

4. Maximum overshoot (M) is straight way differenceetween the magnitude of the highest p
of time response and magnitude of its steady dté&imum overshoot is expressed in tern
percentage of steadbtate value of the response. As the first peaksfonse is normall
maximum in magnitude, maximt overshoot is simply normalized difference betweaest peak

B A
and steadtate value of a respon: MP =

M, %= e =7 L 100%
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5. Settling time (1) is the time required for a response to beconestdt is defined as the tin
required by the response to reach and steatin specified range of 2 % to 5 % of its fit

(2% Criten’nn}

T,=-2

value. =%

6. Steady-state error(ess) is the difference between actual output and ddsiutput at the infinit
99 = r1i111 [r(t) — elt)]
—F

range of time.

'
il | Allowable tolerance
—
M, :
1.0 f f
09 pe==== T
= F.f

R ———

]

i

i

i

1

..... H
0.5 !
"

]

0

I

B.E. IV/IV, | SEM

T
1

R(S)

-

24+12S + 100

Plot the unit step response ve and find time domain specifications

PROGRAM
clc;

clear all ;
close all ;

num=input( ‘'enter the numerator coefficients > );
den=input( ‘enter the denominator coefficients > ),

system=tf(num,den);

system

step(system)

grid on;

wn=sqrt(den(1,3));

zeta= den(1,2)/(2*wn);
wd=wn*sqrt(1-zeta"2);

disp( 'Delay time in seconds is'
td=(1+0.7*zeta)/wd

disp( 'Rise time in seconds is'

theta=atan(sqrt(1- zeta"2)/zeta);
tr=(pi-theta)/wd

disp( 'Peak time in seconds’ );
tp=pi/wd

disp( 'Peak overshoot is' );

)
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mp=exp(-zeta*pi/sqrt(1-zeta”2))*100
disp( 'settling time in seconds is'

ts=4/(zeta*wn)

PROCRAM RESULT:

enter the numerator coefficients---->100

enter the denominator coefficients---->[1 12 100]

Transfer function:
100

$"2 +12's + 100
Delay time in seconds is
td =
0.1775
Rise time in seconds is
tr =
0.2768
Peak time in seconds
tp =
0.3927
Peak overshoot is
mp =
9.4780
settling time in seconds is
ts =

0.6667

B.E. IV/IV, | SEM
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Step Response
1.4

I
I
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Y i : *******
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I
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02F----/-
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. FREQUENCY RESPONSE FOR SINUSOIDAL INPUT

By the term frequency response, we mean the stetatly-response of a system to a sinusoidal input.
Industrial control systems are often designed ufieguency response methods. Many techniques are
available in the frequency response methods foatiadysis and design of control systems.

Consider a system with sinusoidal inp{t) = Asinat. The steady-state output may be written
as, c(t) = Bsin(at + @). The magnitude and the phase relationship betweesinusoidal input and the
steady-state output of a system is caftegjuency response. The frequency response test is performed
by keeping the amplitud@ fixed and determining® and @ for a suitable range of frequencies.
Whenever it is not possible to obtain the tran$eriction of a system through analytical techniques,
frequency response test can be used to computantser function.

The design and adjustment of open-loop transfection of a system for specified closed-loop
performance is carried out more easily in frequeth@myain. Further, the effects of noise and paramete
variations are relatively easy to visualize anceasshrough frequency response. The Nyquist @iteri
used to extract information about the stability #melrelative stability of a system in frequencynain.

The transfer function of a standard second-ordgtiesy can be written as,

C(s) _ of

n

R(s) S +2{ws+a’

T(s)=

L . . . of 1
Substitutings by j wwe obtain,T(jw) =— n__ = _ )
POyl (i< (jo)’+2{w (jw)+af (@1-u®)+j2lu

Where,u = w/ w, is the normalized signal frequency. From the aleygation we get,
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1
Ja-u)+ (2Qu)
OT(jow) =@=—-tan*[2u /(1-u?)]

The steady-state output of the system for a sidasanput of unit magnitude and variable frequency
is given by,

T(jw)|=M =

1
Ja-u?) +(20uy

c(t) =

sin(ax - tan* ZZuzj_
1-u

It is seen from the above equation that when,

u=0, M=1 and =0

u=1, M -1 and @p=-1mlz
2¢

u=oo, M -0 and Q- -1

The magnitude and phase angle characteristicsdionalized frequency u for certain values{oére
shown in figure in the next page.

1.4

o & |
TN | MY =%ce.T07)

DD
> N
T . N S
1.0 -{
i (T-%)
Magn i tude \"'"-- \ T R, OO (N A WP S L
N i - \ . N !
6.6} _ Phase angle = } ~J
N, NN ™
— | !
0.2 b \>, 00 ——53 0.8 1.0 1.2 1.6 2.0
. ‘ Normalized frequency u———»
0
L, = wiw, (b

(a)

The frequency wher® has a peak value is calledsonant frequency. At this point the slope of the
-4(1-u? ), +8& 2,
magnitude curve is zero. Settil%vl— =0 we get, 1 [ ( ) 3,]2 =0.
U ymy, 2[(@-u?)’ +(2u, )]
Solving, u, =4/1-2¢>  or, resonant frequenay = w\1- 207 . ...ccooooies e (01)

1 e (02)

20 1-7%

e For, ¢ >% (=0.707) , the resonant frequency does not exist ndecreases monotonically

Theresonant peak is given by resonant ped¥, =

with increasingu.
e For 0<¢ <% , the resonant frequency is always less thgnand the resonant peak has a

value greater than 1.
From equation (01) and (02) it is seen that Themast peakM, of frequency response is indicative of

damping factor and the resonant frequeney is indicative ofnatural frequency for a given { and
hence indicative of settling time.
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For w>a , M decreases monotonically. The frequency at wh'-,,

M has a value of% is called the cut-off frequencw,. The w f-———-—=

range of frequencies over which M is equal to ceatgr than 1.c

1 is defined as bandwidtla,) . 0.707 f#—  tandwidth

2

The bandwidth of a second-order system is given

|
|
|
I

c w

Figure below shows the plot of resonant peak afuemcy response and the peak overshoot of step

Cas \ response as a function ¢f.
) It is seen that the two performance indices areetaied as
T . \ ' both are the functions of the system damping factamly.
LRCR I \(/", , For { >% (=0.707) the resonant peak does not exist and
1.5 N =
e N~ - the correlation breaks down. For this rang&’ofM , is hardly
e | perceptible.

From equation (03) it is seen that the bandwidihdgcative of
, . ¥Y—  natural frequency and hence indicative of setttintg, i.e., the
My, My versus L, speed of response for a givén

PROGRAM

%Frequency Response of second order system

clc;

clear all ;

close all ;

num=input( 'enter the numerator coefficients---->' );

den=input( 'enter the denominator coefficients---->' );

%Transfer function

sys=tf(num,den);

wn=sqrt(den(1,3));

zeta= den(1,2)/(2*wn);

w=linspace(0,2);

u=w/wn;

len=length(u);

for k=1:len
m(K)=1/(sqgrt((1-u(k)"2)+(2*zeta*u(k))"2));
phi(k)=-atan((2*zeta*u(k))/(1-u(k)"2))*180/pi;

end

subplot(1,2,1)

plot(w,m)

xlabel(  'normalized frequency’ )

ylabel( 'magnitude’ )

subplot(1,2,2)
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plot(w,phi)

xlabel( 'normalized frequency’ )

ylabel( 'phase’ )

disp( ‘resonant peak is' );
mr=1/(2*zeta*sqrt(1-zeta™2))

disp( ‘'resonant frequency in rad/sec is' );
wr=wn*sqrt(1-2*zeta’2)

disp( 'bandwidth in rad/sec is' );
wb=wn*sqrt(1-2*zeta"2+sqrt(2-4*zeta"2+4*zeta4))
disp( 'phase margin in degrees is'
pm=180+(atan(2*zeta/sqrt(-2*zeta”2+sqrt(4*zeta™4 +1

PROGRAM RESULT:

enter the numerator coefficients---->100

enter the denominator coefficients---->[1 12 100]
resonant peak is

mr =

1.0417
resonant frequency in rad/sec is

wr =
5.2915
bandwidth in rad/sec is
wb =
11.4824
phase margin in degrees is
pm =

239.1873

B.E. IV/IV, | SEM

))))*180/pi
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1.001 ‘ ‘ ‘ 0

0.999 +

0.998

0.997

0.996 +

magnitude
phase

0.995+

0.994

0.993

0.992 ¢

0 0.5 1 15 2 0 0.5 1 15 2

0.991 -15

normalized frequency normalized frequency

RESULTS & DISCUSSIONS: Defining transfer functions and finding responsang these transfer

functions has been simulated using MATLAB.

Responses can be studied with addition of contsolied their effect on performance.
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EXPERIMENT NO: 6

DESIGN OF LAG, LEAD AND LAG-LEAD COMPENSATOR

AIM : To design lag, lead compensator,-lead compensator
THEORY:

The primary objective of this exriment is to design the compensation of sirgfput-single-output
linear time invariant control system.

Compensation is the modification of the system dyioa to satisfy the given specification. T
compensation is done by adding some suitable dex which is called as compensator. Compensator iszesk
by such a way as to meet the performance speains

If sinusoidal input is applied to a network anthié steady state output has a phase lead, thewtiverk
is called a lead network, andtlife output has a phase lag then the network isccall a phase lag netwc
Compensators are realized in our experiments wgi-amps , electrical RC network as shown in fig

cz

’_\}\ B3 uz
+ .
Ei(s) —

Ei(s) Ea(s)

) . RCis+—
Eo(s) R, R, RCis+1 RC iy Is+1
Ei(s) R R, RC,s+1 RC,s+ 11 “als+1
R,C,
where
T'=RC|
al =R,C,
Kc — R4C11
RC,
R,C
a=—=
RC,

This network is a lead network ifiiC;> R, C,or a<1.
Or thisis alag network ii>1 or R C< R, G,

PROCEDURE

1) Consider any uncompensated sy:
2) Design the lead and lag compensator from the giirenit using the above equatic
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B.E. IV/IV, | SEM

3) Connect this design compensator to uncompensasteinsyn series compensati
4) Then find the closed loop transfer function equafir this compensated syst
5) Plot theresponse for both uncompens: and compensated system

For Lead Compensator

Cz
1
c1 1
11 10uF
i
) A ‘ My
18 Ek0khm 46 Sk 0hm
- \} 1531
. My - B3 uz
34 Bk Ohm Ay -
+ 10k 0k i W
Eii=) /‘ +
Ei=) Eoizs)
The closed loop transfer function equation forcbempensated system beco
C(s) 18.7(S +2.9)
R(S) s(s+2)(s+5.4)+18.7(s+2.9)
B 18.785 +54.23
s*+7.457 +29.55+54.23
Hence
numc= [0 0 18.7 54.23]
denc=[1 7.4 29.5 54.23]
for the uncompensated system the closed loop #ahgiction i:
C(s) 4
R(S) s 4+2s5+4
Hence
numc=[0 0 4]
denc=[12 4]
PROGRAM
% Unit Step Response of Compensated and Uncompensat ed systems

numc=[0 0 18.7 54.23];
denc=[1 7.4 29.5 54.23];
num=[0 0 4];

den=[1 2 4],

t=0:0.05:5;
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[c1,x1,t]=step(humc,denc,t);

[c2,x2, t]=step(num,den,t);

plot(t,c1,t,c1, ‘0" ,tc2,t.c2, X ),

grid;

title(  'Unit step response of Compensated and Uncompensate
xlabel( 'tsec’ )

ylabel( 'Outputs c1 and c2' );
text(0.6,1.32, '‘Compensated system' );
text(1.3,0.68, ‘Uncompensated system' );

Unit step response of Compensated and Uncompensated Systems

1.4 \ \ \ \ \ \ \ \ \

| Compensated systerh l l l l l
P A S N O S O

) C PO

@ IRy AT T L o

| | | | koo | | | |

1 | | | 17 7% | | | |

1 777777777 I_ = ol 7 7'” 7 Ya'aVs

,‘ : | Al - | | " | |

N | | | | | | | |

o : 1 1 1 1 1 1 1
L (T R R

m | f\ | | | | | | |

— | | | | | | | | |

z ! X/X ! Uncompensated system ! ! ! !
S 06 P f e P IR

5 ‘ j 1 1 1 1 1 1 1 1

S e
7 S S

I/ | | | | | | | |

ﬁ | | | | | | | |

A 1 1 1 1 1 1 1 1

£ | | | | | | | |
O2rg i " T I o o o P R .

A | | | | | | | | |

K | | | | | | | | |

J | | | | | | | | |

| | | | | | | | |

O’L | | | | 1 1 1 1 1
0 0.5 1 1.5 2 2.5 3 3.5 4 4.5 5

For Lag Compensator
The closed loop transfer function equation forcbmpensated system becomes

C(s) 1.0235(s+0.053)

R(S)  s(s+0.005)(s+1)(s+2)+1.0235(s+0.03)
B 1.0235540.0512

s +3.0055 +2.0155% +1.03355+0.0512

for the uncompensated system the closed loop gahsgiction is

C(s) 1.06
R(S)  s(s+1)(s+2)+1.06

B.E. IV/IV, | SEM

d Systems'

);
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PROGRAM
% Unit Step Response of Compensated and Uncompensat ed systems

numc=[0 0 0 1.0235 0.0512];
denc=[1 3.005 2.015 1.0335 0.0512];
num=[0 0 0 1.06];

den=[1 3 2 1.06];

t=0:0.1:40;
[c1,x1,t]=step(numc,denc,t);
[c2,x2,t]=step(num,den,t);

plot(t,c1,t,c1, ‘0" tc2.t.c2, X );

grid;

text(13,1.12, '‘Compensated system’ );

text(13.6,0.88, 'Uncompensated system' );

title(  'Unit step response of Compensated and Uncompensate d Systems' );
xlabel( ‘'tsec’ )

ylabel( 'Outputs c1 and c2' );

Unit step response of Compensated and Uncompensated Systems
14 T T T T T T
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T
| |
| |
| |
| |
| |

T T T T T T T T ]

| |
| |
| |

| | |
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-8 0.8 ,i ,,,,,, I — — L O - — - — — _ 1 __ N —
c ) I I I I I I
| | | | | |
2 | | | | | | |
12 0.6 4 | | I I | |
g Uor T o A . CTTT T [ H 7
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RESULTS & DISCUSSIONS: Compensators are added to existing systems to uaptbeir

performance.

e Such compensators based on the change requiredriarmpance of the system have been

designed and improvement in performance analyzied) 0D4ATLAB.

* Change in the performance of the system with coisggen is observed.
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EXPERIMENT - 7

LOAD FLOW STUDIES

AIM : For the given system, find load flow solution ygsin
a) Gauss Seidel Method.
b) Newton Raphson Method.

c) Fast Decoupled Method.

APPARATUS USED:

a) MATLAB Software.

b) Power System Functions.

PROBLEM STATEMENT:

Figure shows the one line diagram of a simple timeepower system with generation at bus 1. The
magnitude of voltage at bus lis adjusted to 1.05The scheduled loads at buses 2 and 3 are asanarke
on the diagram.Line impedances are marked in p.a D00 MVA base and the line charging
susceptances are neglected.

: 0.02 + 50.04 2
|, 256.6
O
0.01 + 70.03 0.0125 + 70.025 |—» 110.2
Mvar
Slack Bus 3 =
V; = 1.05/0° l
1386 452
MW Mvar

a) Using different loadflow methods, determine theguhravalues of the voltage at load buses 2
and 3.

b) Find the slack bus real and reactive power.

c) Determine line flows and line losses
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Bus data format:
Bus Bus Voltage | Angle Load Generator Injected
No. Code Mag. Deg. Mw Mvar Mw Mvar Qmin Qmax Mvar.

Line data format:

Bus from Bus to R Pu X Pu ¥ B Pu

Line Code or Tetprg

a) LOAD FLOW USING GAUSS SEIDEL METHOD

PROGRAM:
clear all ;
clc;

basemva=100;

accuracy=0.001,;

accl=1.6;

maxiter=80;

busdata=[111.0500 0 0000O
201.000256.6110.200000
301.000138.645.2 00000Q];

linedata=[1 2 0.02 0.04 01
130.01 00301
230.1250.025 0 1];

Ifybus

Ifgauss

lineflow

PROGRAM RESULT:
Line Flow and Losses

--Line-- Power at bus & line flow --Line |
from to MW Mvar MVA MW

1 414.010 191.484 456.147
2 223.081 136.143 261.343 12.390
3 190.972 55.392 198.843 3.586

0ss-- Transformer
Mvar tap

24.780
10.759
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2 -256.600 -110.200 279.263

1-210.691 -111.363 238.312 12.390 24.780
3 -45.898 1.135 45912 2.874 0.575
3 -138.600 -45.200 145.784
1-187.386 -44.633 192.628 3.586 10.759
2 48.772 -0.560 48.775 2.874 0.575
Total loss 18.851 36.1 14

b) LOAD FLOW USING NEWTON-RAPHSON METHOD

PROGRAM:
clear all ;
clc;

basemva=100;

accuracy=0.001,

maxiter=80;

busdata=[111.0500 0 00000
201.000256.6110.200000
301.000138.645.2 00000Q];

linedata=[1 2 0.02 0.04 0 1
130.010.0301
230.1250.025 0 1];

Ifybus

Ifnewton

lineflow

PROCGRAM RESULT:

Line Flow and Losses

--Line-- Power at bus & line flow --Line | 0ss-- Transformer
from to MW  Mvar MVA MW Mvar tap
1 413.987 191.456 456.114
2 223.092 136.124 261.343 12.390 24.780
3 190.957 55.388 198.828 3.586 10.757
2 -256.600 -110.200 279.263
1-210.702 -111.344 238.313 12.390 24.780
3 -45.898 1.144 45912 2.874 0.575

3 -138.600 -45.200 145.784
1-187.372 -44.630 192.614 3.586 10.757
2 48.772 -0.570 48.775 2.874 0.575
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Total loss 18.850

c) LOAD FLOW USING FAST DECOUPLED METHOD

PROGRAM
clear all ;
clc;

basemva=100;

accuracy=0.001,;

accl=1.6;

maxiter=80;

busdata=[111.0500 0 00000
201.000256.6110.200000
301.000138.645.2 00000Q];

linedata=[1 2 0.02 0.04 01
130.01 0,03 01
230.1250.025 0 1];

Ifybus

decouple

lineflow;

PROGRAM RESULT:

Line Flow and Losses

--Line-- Power at bus & line flow --Line |

from to MW Mvar MVA MW

1 413.960 191.719 456.201
2 222.724 135.280 260.589 12.319

3 191.099 55.998 199.135 3.597

2 -256.600 -110.200 279.263
1-210.405 -110.643 237.723 12.319

3 -45.489 1.232 45.505 2.821

B.E. IV/IV, | SEM

36.112

0ss-- Transformer

Mvar  tap

24.637

10.790

24.637

0.564
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3 -138.600 -45.200 145.784

1-187.503 -45.208 192.876 3.597 10.790
2 48.310 -0.668 48.314 2.821 0.564
Total loss 18.737 35.992

RESULTS & DISCUSSIONS: Load flow studies using different methods have beseried out using
MATLAB.

« These form tools to analyze large practical powstesns using computer and simulation
softwares.

* Load flow studies form basis for many power systtudies. Hence they play vital role in
planning, operation and control of Power Systems.

» Convergence, accuracy, time taken and number ratives taken for solution are largely
dependent on the method chosen for load flow arsalys
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EXPERIMENT - 8

FAULT ANALYSIS

AIM : To find the fault current in a given power systeimeve there is

a) Balanced 3¢ fault. (LLL/LLLG).

b) Single line to ground fault(LG).
c) Line to line fault(LL).
d) Double line to ground fault(LLG).

SOFTWARES USED

c) MATLAB Software

d) Power System Functions.

PROBLEM STATEMENT :

For the given power systems shown in fig, thatrat of each generator is grounded
through a current limiting reactor of 0.25/3 p.n.a100 MVA base. The system data expressed in p.u.
on a 100 MVA base is tabulated below. The genesatoe running on no load at their related voltage
and rated frequency with their emfs in phase.

LN .
Rl

— Y =
1 2
3

Item Base MVA Voltage Rating X!  X? X0
Gy 100 20kV__ 0.15 0.5 0.5
G2 100 20kV 015 0.15 005

T 100 20220kV 010 0.10 0.10

T, 100 20/220kV 010 010 0.10
Lz 100 220kV 0125 0125 0.30
L3 100 220kV 015 015 035
L2 100 220KV 025 025 0.7125
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Determine the fault current for the following aiét of faults.

a) A balanced 3g fault at bus 3 through a fault impedance Zf = Q.1p
b) A Single line to ground fault at bus 3 through alfampedance

Zf = 0.1pu.

c) Aline to line fault at bus 3, fault impedance Z04pu.
d) A double line to ground fault at bus 3 through @tfanpedance

Zf =0.1pu

PROGRAM

%program to find fault analysis%

clc;
clear all
close all ;

%positive sequence reactance data%
zdatal=[0100.25
0200.25
1200.125
1300.15
2300.25];
%zero sequence impedence data%
zdata0=[0100.4
0200.1
1200.3
1300.35
2300.7125];
%negative sequence reactance=positive reactance%
% zdata2=[0100.25

% 0200.25
% 1200.125
% 1300.15
% 2300.25];

zdata2=zdatal,;
zbusl=zbuild(zdatal);

B.E. IV/IV, | SEM
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zbusO=zbuild(zdataO);

zbus2=zbus1,;

symfault(zdatal,zbusl);
Igfault(zdata0O,zbus0,zdatal,zbusl,zdata2,zbus?2)
[Ifault(zdatal,zbusl,zdata2,zbus?)
digfault(zdata0,zbus0,zdatal,zbusl,zdata2,zbus?)

PROCGRAM RESULT:

a) Balanced three-phase fault(LLL/LLLG)
Enter Faulted Bus No. -> 3

Enter Fault Impedance Zf = R + j*X in complex form
enter 0). Zf = 0+j*0.1

Balanced three-phase fault at bus No. 3
Total fault current = 3.1250 per unit

Bus Voltages during fault in per unit

Bus Voltage Angle
No. Magnitude degrees
1 0.5938 0.0000
2 0.6250 0.0000
3 0.3125 0.0000

Line currents for fault at bus No. 3

From To Current Angle
Bus Bus Magnitude degrees
1 1.6250 -90.0000
1.8750 -90.0000
1.5000 -90.0000
0.2500 -90.0000
1.2500 -90.0000
3.1250 -90.0000

WNNQOFQ
TMWE W

b) Single line to-ground fault(LG)
Enter Faulted Bus No. -> 3

Enter Fault Impedance Zf = R + j*X in
complex form (for bolted fault enter 0). Zf = 0+j*0

Single line to-ground fault at bus No. 3

B.E. IV/IV, | SEM

(for bolted fault
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Total fault current = 2.7523 per unit

Bus Voltages during the fault in per unit

No. Phasea Phaseb Phasec
1 0.6330 1.0046 1.0046
2 0.7202 0.9757 0.9757
3 0.2752 1.0647 1.0647

Line currents for fault at bus No. 3

From To  --—--- Line Current Magnitude-
Bus Bus Phasea Phaseb Phas ec
1 3 16514 0.0000 0.00 00
2 1 03761 0.1560 0.15 60
2 3 11009 0.0000 0.00 00
3 F 27523 0.0000 0.00 00

¢) Line-to-line fault analysis (LL)
Enter Faulted Bus No. -> 3

Enter Fault Impedance Zf = R + j*Xin
complex form (for bolted fault enter 0). Zf = 0+j*0 A

Line-to-line fault at bus No. 3
Total fault current = 3.2075 per unit

Bus Voltages during the fault in per unit
No. Phasea Phaseb Phasec
1 1.0000 0.6720 0.6720
2 1.0000 0.6939 0.6939
3 1.0000 0.5251 0.5251

Line currents for fault at bus No. 3

From To  ----- Line Current Magnitude-
Bus Bus Phasea Phaseb Phas ec
1 3 0.0000 19245 1.92 45
2 1 0.0000 0.2566 0.25 66
2 3 0.0000 1.2830 1.28 30
3 F 0.0000 3.2075 3.20 75

d) Double line-to-ground fault analysis(LLG)
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Enter Faulted Bus No. -> 3

Enter Fault Impedance Zf = R + j*X in
complex form (for bolted fault enter 0). Zf = 0+j*0 A

Double line-to-ground fault at bus No. 3
Total fault current = 1.9737 per wunit

Bus Voltages during the fault in per unit

Bus ------- Voltage Magnitude-------
No. Phasea Phaseb Phasec
1 1.0066 05088 0.5088

2 09638 05740 0.5740

3 1.0855 0.1974 0.1974

Line currents for fault at bus No. 3

From To - ----- Line Current Magnitude-
Bus Bus Phasea Phaseb Phas ec
1 3 0.0000 24350 2.43 50
2 1 0.1118 0.3682 0.36 82
2 3 0.0000 16233 1.62 33
3 F 0.0000 4.0583 4.05 83

RESULTS & DISCUSSIONS: Fault studies critical to protection design haeerbcarried out using
MATLAB.

* The effect of the various power system componenthe fault level can be readily seen from
the above simulation results.

» Severity of fault based on type, fault location amgedance can be studied.

» Such simulations help in choosing appropriate ptaia system/relay co ordination.
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EXPERIMENT -9

TRANSIENT STABILITY STUDIES

AIM : To find the transient stability when there is sutdderease in power input and on occurrence of
fault.

SOFTWARES USED

a) MATLAB Software
b) Power System Functions.

CASE: 1
When there is a sudden increase in power input.

A synchronous generator is connected to infibite bars as shown in fig 1.0 (All reactances are
in p.u.). It is delivering a real power of 0.6 pat.0.8 pt lag at voltage of 1.0 p.u.

a) Find the maximum power that can be transmittedoutlthe loss of synchronism.
b) Repeat a) with zero initial power input.

CASE: 2
When there is occurrence of fault.

A synchronous generator is connected to infibite as shown in fig 2.0 [All reactances are in
p.u]. Delivery real power Po = 0.8p.u., Q=0.074pta voltage of 1.0 p.u.

a) A temporary 3-phase fault occurs at the sendingoétide at point F1. When the fault is cleared
both the lines are intact. Determine the critidahdng angle and critical clearing time.

b) A 3-phase fault occurs at the middle of the lite, fault is cleared and the faulty line is isolated
Determine the critical clearing angle.

Xe=0.2 . Xu=0[3 2
E
Xal=0.3
XL2=0.
Fig 1.0
— XL1=0'5
£ Xe=0.2 1 2 Vel 0
@ F; F ( j
Xa'=0.3 X X
XL2=0.3
Fig 2.0

53




ELECTRICAL SIMULATION LAB(EE431)

%TRANSIENT STABILITY STUDIES: SUDDEN INCREASE IN PO  WER INPUT %

%jprogram to calculate the critical clearing angle t
with 0.6pu initial power%

clc;
clear all ;

close all ;

p0=0.6;

E=1.35;

V=1.0;

X=0.65;
eacpower(p0,E,V,X)

%program to calculate the critical clearing angle t
zero initial power%

pm=0.0;

E=1.35;

V=1.0;

X=0.65;
eacpower(pm,E,V,X)

B.E. IV/IV, | SEM

ime when 3phase

ime when 3ph with
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OUTPUT OF TRANSIENT STABILITY STUDIES

| .With 0.6 p.u initial power:

Equal-area criterion applied to the sudden change in power

Power, per unit

Power angle, degree

PROCGRAM RESULT:

Initial power = 0.600 p.u.

Initial power angle =16.791 degrees
Sudden additional power = 1.084 p.u.
Total power for critical stability = 1.684 p.u.
Maximum angle swing =125.840 degrees
New operating angle =54.160 degrees
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B.E. IV/IV, | SEM

OUTPUT OF TRANSIENT STABILITY STUDIES

Il .With Zero initial power:

Equal-area criterion applied to the sudden change in power

Power, per unit

1 1 1 1
0 20 40 60 80 100 120 140 16
Power angle, degree

PROCGRAM RESULT:

Initial power = 0.000 p.u.

Initial power angle = 0.000 degrees
Sudden additional power = 1.505 p.u.
Total power for critical stability = 1.505 p.u.
Maximum angle swing =133.563 degrees
New operating angle = 46.437 degrees

180
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B.E. IV/IV, | SEM

%TRANSIENT STABILITY STUDIES: FAULT%

%jprogram to calculate the critical clearing angle t

fault that occurred at the sending end is cleared%

clc;
clear all ;

close all ;

pm=0.8;

E=1.17,

V=1.0;

X1=0.65;

X2=inf;

X3=0.8;
eacfault(pm,E,V,X1,X2,X3);

%program to calculate the critical clearing angle&t
that occurred in the middle of the line(F2)is clear

line is isolated%

pm=0.8;

E=1.17;

V=1.0;

X1=0.65;

X2=1.8;

X3=0.8;
eacfault(pm,E,V,X1,X2,X3);

ime when a 3ph

ime when 3ph fault

ed and the faulty
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OUTPUT OF TRANSIENT STABILITY STUDIES

I. TRANSIENT STABILITY 3-PH FAULT AT SENDING END.

Application of equal area criterion to a critically cleared system

[ [ [ [

Critical learing angle + 71.7706
| |

18

16

e

14

=
N

-

Power, per unit

o
o

0.6

0.4

0.2

| |

| |

| i
0 20 40 60 80 100 120 140 160 180
Power angle, degree

PROGRAM RESULT:
For this case tc can be found from analytical formu la.

To find tc enter Inertia Constant H, (or O to skip) H=0

Initial power angle = 26.388
Maximum angle swing = 146.838
Critical clearing angle = 71.771
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B.E. IV/IV, | SEM

[I. TRANSIENT STABILITY 3-PH FAULT AT RECEIVING END

Application of equal area criterion to a critically cleared system

Power, per unit

[ [l [l [l
Critical clearing angle = 98.8335

PROCGRAM RESULT:

Initial power angle = 26.388

Power angle, degree

Maximum angle swing = 146.838

Critical clearing angle = 98.834

RESULTS & DISCUSSIONS: Transient stability analysis is key to the funoiimg of the dynamic

nature of power system. Events like sudden loackase/ decrease and faults are common.

» Determining critical clearing angles to assesssthbility margin is done using MATLAB using

equal area criteria.

» Shifting of operating point (delta angle) under thwe cases can be seen. This is the new stable

operating point.

» Dependence of fault clearing times on stability barappreciated
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EXPERIMENT - 10

ECONOMIC POWER SCHEDULING

AIM : To find the optimal dispatch and total cost of gata
a) without line losses and generator limits
b) with line losses and generator limits

SOFTWARES USED

a) MATLAB.
b) Power System Functions.

PROBLEM STATEMENT : The fuel cost function for three thermal plant®srthr are given by

C1 = 500+5.3P-0.004R?
C2 = 400+5.5p+ 0.006B*
C3 = 500+5.3p-0.004R?
where R, P,, P; are in Mega watt. The total load is 925MW.

a) Neglecting line losses and generator limits. Fiptimal dispatch and the total cost in Rs/hr.

b) With the generator limits (in Megawatts) for thgénherators

200<=R<=450
150<=R<=350
100<=R<=225
OPTIMAL DISPATCH OF GENERATOR
PROCGRAM
%program to find optimal dispatch with & without ge nerator limits and

line losses%

clc;

clear all ;

close all ;

cost=[500 5.3 0.004
400 5.5 0.006

200 5.8 0.009]; %Input Data of the cost functions
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mwlimits=[0 500

0 500

0 500]; %gen limits( give appropriate limits to check for
with and without limits cases)
dispatch; % User Defined Function to find optimal dispatch

gencost ;% User defined function to calculate generation co st

PROGRAM RESULT:

Enter total demand Pdt = 975

Incremental cost of delivered power (system lambda) =9.163158
Rs./MWh

Optimal Dispatch of Generation:

482.8947
305.2632
186.8421

Total generation cost = 8228.03 Rs/hr

RESULTS & DISCUSSIONS: Optimal Dispatch of generation is carried out g ATLAB.
* It helps planning of generation schedule accountmgeconomics and constraints on the
generators. Optimization applied to power systestusdied.
* Lambda is the Incremental Cost of supplying oné¢ ainglectricity.
» Difference in total cost of generation with andheitit generation limits is studied.
» Considering the line losses, generation must espral of demand and losses.
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