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OUR VISION

To create centers of excellence in education and to serve the society by enhancing the
quality of life through value based professional leadership.

OUR MISSION

o To provide high quality technical and professionally relevant education in a diverse
learning environment.

o To provide the values that prepare students to lead their lives with personal integrity,
professional ethics and civic responsibility in a global society.

o To prepare the next generation of skilled professionals to successfully compete in the
diverse global market.

o To promote a campus environment that welcomes and honors women and men of all
races, creeds and cultures, values and intellectual curiosity, pursuit of knowledge and
academic integrity and freedom.

o To offer a wide variety of off-campus education and training programmes to individuals
and groups.

e To stimulate collaborative efforts with industry, universities, government and
professional societies.

o To facilitate public understanding of technical issues and achieve excellence in the
operations of the institute.

QUALITY POLICY
Our organization delights customers (students, parents and society) by providing value
added quality education to meet the national and international requirements. We also
provide necessary steps to train the students for placement and continue to improve
our methods of education to the students through effective quality management

system, quality policy and quality objectives.
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VISION:

To be a department of excellence in electrical and electronics Engineering education and
Research, thereby to provide technically competent and ethical professionals to serve

the society.
MISSION:

e To provide high quality technical and professionally relevant education in the field of

electrical engineering.

e To prepare the next generation of electrically skilled professionals to successfully

compete in the diverse global market.
e Tonurture their creative ideas through research activities.

e To promote research and development in electrical technology and management for

the benefit of the society.

To provide right ambience and opportunities for the students to develop into creative,

talented and globally competent professionals in electrical sector.




‘Instructions to the Candidates’

. Students should come with thorough preparation for the experiment to be
conducted.

. Students will not be permitted to attend the laboratory unless they bring the
practical record fully completed in all respects pertaining to the experiment
conducted in the previous class.

. Experiment should be started only after the staff-in-charge has checked
the circuit diagram.

. All the calculations should be made in the observation book. Specimen
calculations for one set of readings have to be shown in the practical
record.

. Wherever graphs are to be drawn, A-4 size graphs only should be used
and the same should be firmly attached to the practical record.

. Practical record should be neatly maintained.

. The students should obtain the signature of the staff-in-charge in the
observation/manual book after completing each experiment.

. Theory regarding each experiment should be written in the practical record

before procedure in your own words.
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‘Instructions to the students’

. Come with Formal Dress code to lab always.

After entering to the lab Enter the movements register immediately.

. Come prepared to the lab with relevant theory and Logic beyond the
Program you have to do it.

. While going out keeping chairs properly and enter in movements register.




Course Objectives:

To explain the use of MATLAB package to assess the performance of medium and
long transmission lines.

To explain the use of MATLAB package to obtain the power angle characteristics
of salient and non-salient pole alternator.

To explain the use of MATLAB package to study transient stability of radial
power systems under three phase fault conditions.

To explain the use of MATLAB package to develop admittance and impedance
matrices of interconnected power systems.

To explain the use of Mi-Power package to solve power flow problem for simple
power systems.e To explain the use of Mi-Power package to perform fault
studies for simple radial power systems.

To explain the use of Mi-Power package to study optimal generation scheduling
problems for thermal power plants.

Course outcomes:

At the end of the course the student will be able to:

Develop a program in MATLAB to assess the performance of medium and long
transmission lines.

Develop a program in MATLAB to obtain the power angle characteristics of
salient and non-salient pole alternator.

Develop a program in MATLAB to assess the transient stability under three phase
fault at different locations in a of radial power systems.

Develop programs in MATLAB to formulate bus admittance and bus impedance
matrices of interconnected power systems. Use Mi-Power package to solve
power flow problem for simple power systems.

Use Mi-Power package to study unsymmetrical faults at different locations in
radial power systems.

Use of Mi-Power package to study optimal generation scheduling problems for

thermal power plants.




INDEX PAGE

21EEL62: Power System Simulation Lab

SI.No

(Max

Date

(20)

Name of the Experiment

Record Marks
(Max. (05)

Submission of

Conduction Repetition
P Record

Signature (Student)

Manual Marks

Signature (Faculty)

01

02

03

04

05

06

07

08

09

10

Average

Note: If the student fails to attend the regular lab, the
experiment has to be completed in the same week. Then the
observation and record will be evaluated for 50% of maximum
marks




Syllabus

Semester : VI CIE Marks : 50
Course Code : 21EEL 62 SEE Marks :50
Teaching Hours/week 03 Exam Hours : 03
Credits : 02

SI. No Experiments
Formation for symmetric it /T configuration for Verification of
. AD - BC =1, Determination of Efficiency and Regulation
Determination of Power Angle Diagrams, Reluctance Power, Excitation, Emf and
? Regulation for Salient and Non-Salient Pole Synchronous Machines.
E;D To obtain Swing Curve and to Determine Critical Clearing Time, Regulation,
é Inertia Constant/Line Parameters /Fault Location/Clearing Time/Pre-Fault
’ S Electrical Output for a Single Machine connected to Infinite Bus through a Pair
<§E of identical Transmission Lines Under 3-Phase Fault On One of the two Lines
g Y Bus Formation for Power Systems with and without Mutual Coupling, by
Y3 Singular Transformation and Inspection Method.
5 Formation of Z Bus(without mutual coupling) using Z-Bus Building Algorithm.
Determination of Bus Currents, Bus Power and Line Flow for a Specified System
° Voltage (Bus) Profile
Formation of Jacobian for a System not Exceeding 4 Buses (No PV Buses) in
! o Polar Coordinates.
‘(% Load Flow Analysis using Gauss Siedel Method, NR Method and Fast Decoupled
| g Method for Both PQ and PV Buses.
o.cl) To Determine Fault Currents and Voltages in a Single Transmission Line System
9 % with Star-Delta Transformers at a Specified Location for LG and LLG faults by
§ simulation.
10 Optimal Generation Scheduling for Thermal power plants by simulation.
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machines
a. Formation of Ybus using singular transformation method 12
b. Formation of ‘y- bus’ by inspection method 14
03
Formation of Y bus using singular transformation method with
c 16
mutual coupling & without line charging
04 a Program for swing curve when the fault is cleared 18
b | Swing curve for sustained fault and critical clearing angle & time 22
05 Z-bus building algorithm 26
06 Formation of jacobian for the system not exceeding 4 buses (no pv buses) 30
in polar coordinates
o7 Determination of bus currents, bus power & line flows for a specified 2
system voltage (bus) profile
08 Load flow studies for a given power system using Mi-power package 36
09 Fault studies for a given power system using Mi-power package 50
10 Optimal generator scheduling for thermal plants by simulation 62
Additional program 70
Viva questions 81
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COURSE OUTCOMES
At the end of the course the student will be able to:

CO1: Develop a program in MATLAB to assess the performance of medium and long
transmission lines

CO2: Develop a program in MATLAB to obtain the power angle characteristics of salient
and non- salient pole alternator & the transient stability under three phase fault at
different locations in a of radial power systems

CO3: Develop programs in MATLAB to formulate bus admittance and bus impedance
matrices of interconnected power systems.

CO4: Use Mi-Power package to solve power flow problem for simple power systems
CO5: Use Mi-Power package to study unsymmetrical faults at different locations in
radial power Systems & to study optimal generation scheduling problems for thermal
power plants.

The cognitive process
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2 | &
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g g |z |2 3| %
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Factual Co1
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PO1 | PO2| PO3| PO4| PO5| PO 6 | PO7| PO8| PO9| PO10| PO11/ PO12PSO1 | PSO2
Co1l 3 3 |1 |1 2 3 3
CO2 |3 3 |11 |1 2 3 3
CO3 |3 3 |2 |1 2 2 2
COo4 |3 3 |2 |1 2 2 2
CO5 |3 3 |2 |1 2 2 2




POWER SYSTEM SIMULATION LAB-21EEL6 2023-2024

PROGRAM:

$program to calculate ABCD parameters for T network for Medium
line

clear all

length=140
Z=(0.2+0.4081i) *length;
Y=(0+3.14e-61) *1length;

fprintf ('\n Medium line T network');

fprintf('A B C D parameter for medium line T network');
A=1+((Y*Z)/2)

B=2* (1+ ((Y*Z) /4))

C=Y

D=A

check= (A*D) - (B*C)

k2=input ('\n enter 1- to read Vr, Ir and compute Vs, Is\n 2-
to read Vs, Is and compute Vr, Ir');
switch k2,
case 1

vr=input ('enter Vr/phase="');

ir=input ('enter ir/phase="');

vr=vr*le3/sqrt (3);

vs= (A*vr+B*ir) /le3;

is=C*vr+D*ir;

fprintf ('\n Sending end voltage/ph=%f%+fi KV',
real (vs),imag(vs));

fprintf ('\n Sending end current/ph=%f%+fi Amp',
real (is),imag(is));

vs=vs*1le3;

case 2,

vs=input ('enter Vs/phase=");

is=input ('enter is/phase=");

vs=vs*1le3/sqrt (3.0);

vr=(D*vs-B*is) /1le3;

ir=-C*vs+D*is;

fprintf ('\n Receiving end voltage/ph=%f%$+fi KV',
real (vr),imag(vr));

fprintf ('\n Receiving end current/ph=%f%$+fi Amp',
real (ir),imag(ir));

vr=vr*le3;

DEPARTMENT OF E&EE, CIT, GUBBI 1



POWER SYSTEM SIMULATION LAB-21EEL6 2023-2024

Exp: la

ABCD PARAMETERS FOR T NETWORK.

AIM: i) Formation for symmetric = configuration.
ii) Verification of AD - BC = 1.

iif) Determination of Efficiency & regulation.

PROCEDURE:

+ Enter the command window of the MATLAB.

4+ Create a new M —file by selecting File - New — M — File
+ Type and save the program in the editor window.

4+ Execute the program by pressing Tools — Run.

+ View the results.

Note 1:

1. Forshort line, length=40
2. For medium line, length=140

Note 2:

1. “short transmission network”
fprintf ('A B C D parameter for short transmission line');

A=1

U(“dUJ
P O N

2. fprintf('A B C D parameter for medium line PI network');
A=1+((Y*2)/2)
B=Z
C=Y* (1+((Y*Z) /4))
D=A

DEPARTMENT OF E&EE, CIT, GUBBI 2



POWER SYSTEM SIMULATION LAB-21EEL6

2023-2024

otherwise
disp ('wrong choice');
end
rec pow=3*real (vr*conj (ir))/le6;
send pow=3*real (vs*conj (is))/le6;
eff=rec pow/send pow*100;
reg= (abs (vs) /abs (A) —abs (vr)) /abs (vr) *100;

fprintf ('\n Recieving end power=%.2fKVA',6 rec pow);

fprintf

oot

( |
fprintf ('\n efficiency=%.2f%%"',eff);
( |

oo

fprintf ('\n voltage regulation=%.2f%%"', reg

EXPECTED RESULT for T network:
length =140

A B C D parameter for T network
A =0.9874 + 0.0062i

B = 27.6485 +56.8476i

C = 0 +4.3960e-004i

D =0.9874 + 0.0062i

check = 1.0000 + 0.0000i

enter 1- to read Vr, Ir and compute Vs, Is

2- to read Vs, Is and compute Vr, Irl

enter Vr/phase=132

enter ir/phase=174.96-131.22i

Sending end voltage/ph=87.550333+6.787052i KV
Sending end current/ph=173.570962-94.993743i Amp
Recieving end power=40.00KVA

sending end power=43.65KVA

efficiency=91.63%

voltage regulation=16.69%

\n sending end power=%.2fKVA',6 send pow);

) ;

DEPARTMENT OF E&EE, CIT, GUBBI



POWER SYSTEM SIMULATION LAB-21EEL6 2023-2024

EXPECTED RESULT for Pi network:
length = 140

A B C D parameter for medium line PI network
A =0.9874 + 0.0062i
B = 28.0000 +57.1200i
C =-1.3527e-006 +4.3684e-004i
D =0.9874 + 0.0062i
check = 1.0000 + 0.0000i
enter 1- to read Vr, Ir and compute Vs, Is
2- to read Vs, Is and compute Vr, 1r2
enter Vs/phase=132+0i
enter is/phase=174.96-131.22i
Receiving end voltage/ph=62.859251-5.850527i KV
Receiving end current/ph=173.674054-161.787473i Amp
Recieving end power=35.59KVA
sending end power=40.00KVA
efficiency=88.97%

voltage regulation=22.25%

DEPARTMENT OF E&EE, CIT, GUBBI 4



POWER SYSTEM SIMULATION LAB-21EEL6 2023-2024

PROGRAM:

%program to calculate ABCD parameters for long line network
clc
clear all

length=300;
Z=(0.2+0.4081i) *1length;
Y=(0+3.1l4e-61) *1length;

fprintf ('A B C D parameter for long transmission line network');

zc=sqrt (Z/Y) ;
gam=sqgrt (Z*Y) ;
A=cosh (gam)
B=zc*sinh (gam)
C=1/zc*sinh (gam)
D=A

check= (A*D) - (B*C)

k2=input ('\n enter 1- to read Vr, Ir and compute Vs, Is\n 2- to
read Vs, Is and compute Vr, Ir');

switch k2,

case 1
vr=input ('enter Vr/phase="');
ir=input ('enter ir/phase=");

vr=vr*le3/sqrt (3);

vs=(A*vr+B*ir) /1le3;

is=C*vr+D*ir;

fprintf ('\n Sending end voltage/ph=%$f%+fi KV',
real (vs),imag (vs)) ;

fprintf ('\n Sending end current/ph=%f%+fi Amp',
real (is),imag (is));

vs=vs*le3;

case 2,

vs=input ('enter Vs/phase="') ;

is=input ('enter is/phase="');

vs=vs*le3/sqrt(3.0);

vr=(D*vs-B*is) /le3;

ir=-C*vs+D*is;

fprintf ('"\n Receiving end voltage/ph=%£f%+fi KV',
real (vr),imag (vr));

fprintf ('\n Receiving end current/ph=%f%$+fi Amp',
real (ir),imag (ir));

vr=vr*le3;

otherwise

disp ('wrong choice');
end
rec pow=3*real (vr*conj (ir))/le6;
send_pow=3*real(vs*conj(is))/1e6;
eff=rec pow/send pow*100;
reg= (abs (vs) /abs (A) —abs (vr) ) /abs (vr) *100;
fprintf ('\n Recieving end power=%.2fKVA', rec pow);
fprintf ('\n sending end power=%.2fKVA', send pow) ;
fprintf ('\n efficiency=%.2£f%%"',eff);
fprintf ('\n voltage regulation=%.2£f%%',reqg);

DEPARTMENT OF E&EE, CIT, GUBBI 5



POWER SYSTEM SIMULATION LAB-21EEL6 2023-2024

Exp: 1.b

ABCD PARAMETERS FOR LONG TRANSMISSION
NETWORK.

AIM: i) Formation for symmetric = configuration.
ii) Verification of AD-BC = 1.
iil) Determination of Efficiency & regulation.

PROCEDURE:

4+ Enter the command window of the MATLAB.
+ Create a new M —file by selecting File - New — M — File

+ Type and save the program in the editor window.
+ Execute the program by pressing Tools — Run.

+ View the results.
Note: For long line, length=300

EXPECTED RESULT for Pi network:
A B C D parameter for long transmission line network

A =0.9428 + 0.0277i

B =5.7712e+001 +1.2062e+002i
C =-8.7717e-006 +9.2398e-004i
D = 0.9428 + 0.0277i

check = 1.0000

enter 1- to read Vr, Ir and compute Vs, Is
2- to read Vs, Is and compute Vr, Irl
enter Vr/phase=132+0i

enter ir/phase=174.96-131.22i

Sending end voltage/ph=97.773395+15.642655i KV
Sending end current/ph=167.915908-48.4438961 Amp
Recieving end power=40.00KVA

sending end power=46.98KVA

efficiency=85.15%

voltage regulation=37.75%

DEPARTMENT OF E&EE, CIT, GUBBI 6



POWER SYSTEM SIMULATION LAB-21EEL6 2023-2024

ROGRAM:

$power angle characteristics cylindrical rotor syn.m/c
%enter the values of x,v,Ia;

clc

clear all

x=0.3;

v=1.0;

e=1.2;

pm=abs (e) *abs (v) /x;

del=0:0.1:pi;

plot (del,pm*sin(del), 'r');

title ('power angle characteristics of cylindrical rotor
syn.m/c');

xlabel ('Delta');

ylabel ('power,p')
legend('pm*sin(delta) '),
del=0:0.1:pi/2;

line (del, pm) ;

y=0:0.1:pm;

line(pi/2,y);
reg=(abs (e) -abs (v)) /abs (v) *100;
fprintf ('\n the excitation Voltage = %$f%$%\n',e);
fprintf ('\n the peak power = $£%$%\n', pm)

fprintf ('\n the Voltage regulation = $f%%\n',req);

EXPECTED RESULT:

the excitation Voltage = 1.200000%
the peak power = 4.000000%

the Voltage regulation = 20.000000%

power angle characteristics of cylindrical rotor syn.m/c
4 T T 7 —_ T T

—

pm*sin(delta)

power,p
N
T
e
1

15 / \ g

05 / : \\ !

Delta
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POWER SYSTEM SIMULATION LAB-21EEL6 2023-2024

Exp:2a

DETERMINATION OF POWER ANGLE CURVE FOR NON- SALIENT
POLE SYNCHRONOUS MACHINES.

AIM: To determine the power angle diagram, reluctance power, excitation, emf and
regulation for non- salient pole synchronous machines,.

PROCEDURE:

+ Enter the command window of the MATLAB.

+ Create a new M —file by selecting File - New — M — File
+ Type and save the program in the editor window.

£ Execute the program by pressing Tools — Run.

4+ View the results.

Theory :

The steady state stability is basically concerned with the determination of the maximum
power flow possible through the power system, without loss of synchronism (stability). The
formation of power angle equation plays a vital role in the study of steady state stability. The
power angle equation for non salient pole machine is given by,
P=|V||E]|*sind

(Xs +Xe)

The above equation shows that the power P transmitted from the generator to the motor varies
with the sine of the displacement angle & between the two rotors.
For salient pole machine,
P=|V]||E|*sind+ | E|2%Xd-Xq)*sin (25)
Xd 2*Xd*Xq

DEPARTMENT OF E&EE, CIT, GUBBI 8



POWER SYSTEM SIMULATION LAB-21EEL6 2023-2024

PROGRAM:

clc

clear all

xd=1;

xqg=0.6;

v=1.0;
1a=0.5000-0.37501;
theta=abs (angle (ia));
del=atan ( (xg*abs (ia) *cos (theta)) / (abs (v) +xg*abs (ia) *sin (theta))
) ;

e=abs (v) *cos (del) +xd*abs (ia) *sin (del+theta) ;

p=(e) *abs (v) /xd;

pr=abs (v) "2* (xd-xq) / (2*xd*xq) ;

del=0:0.01:pi;

line(del, 0);

hold on;

pe=p*sin (del) +pr*sin(2*del) ;

plot (del,p*sin(del),del,pr*sin(2*del) ,del,p*sin(del)+pr*sin (2*d
el));

title ('power angle characteristics of salient pole syn.m/c');
xlabel ('Delta');

ylabel ('power,p')
legend('p*sin(delta)', '"pr*sin(2*del) ', 'p*sin(del) +pr*sin(2*del)
")

[pmax, k] =max (pe) ;

fprintf ('\n maximum power = %f and the corresponding angle=
$f',pmax,del (k) *180/pi) ;
del=0:0.01:del (k)

line (del, pmax) ;

y=0:0.01:pmax;

line(del (k) ,y);

reg= (abs (e) —abs (v) ) /abs (v) *100;
text (-0.4,pmax, 'pmax"') ;

text (del (k),-0.1, 'deltamax"') ;
fprintf ('\n the excitation Voltage

$f pu',abs(e));
fprintf ('\n the Reluctance power = %f pu\n',pr);
fprintf ('\n the Voltage regulation = %f%%\n',req);

DEPARTMENT OF E&EE, CIT, GUBBI 9



POWER SYSTEM SIMULATION LAB-21EEL6 2023-2024

Exp:2b

DETE

RMINATION OF POWER ANGLE CURVE SALIENT POLE
SYNCHRONOUS MACHINES.

AIM: To determine the power angle diagram , reluctance power, excitation, emf and
regulation for salient pole synchronous machines,.

PROCEDURE:

+ Enter the command window of the MATLAB.
+ Create a new M — file by selecting File - New — M — File

+ Type and save the program in the editor window.

4+ Execute the program by pressing Tools — Run.

+ View the results.
EXPECTED RESULT:

maximum power = 1.581035 and the corresponding angle= 69.900851

the excitati

on Voltage = 1.454468 pu

the Reluctance power = 0.333333 pu
the Voltage regulation = 45.446817%

pmaxls"

14

1.2

1

0.8

0.6

power,p

04

0.2

0

-0.2

-0.4

power angle characteristics of salient pole syn.m/c

p*sin(delta)
prsin(2*del)
p*sin(del)+pr*sin(2*del)

deltamax
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POWER SYSTEM SIMULATION LAB-21EEL6 2023-2024

PROGRAM:

$FORMATION OF Ypys USING SINGULAR TRANSFORMATION METHOD
clc;
clear all;
close all;
a=input ('\n Enter the starting bus in first column, ending bus in
2nd column and impedance in 3rd column')
sb=a(:,1);
eb=a(:,2);
z=a(:,3)
lines=length (a)
for k=1l:1lines
p=sb (k)
q=eb (k)
Acap (k,p)=-1
Acap (k,q)=1
A=Acap
primz (k,k) =z (k)
end

primy=inv (primz)

b= (transpose (A) ) *primy

fprintf(* \n ---—=—-—-- YBUS ———————————- )
y=b*A

V(1) =1.024532-0.08729i;
V(2)=1.02394-0.931i;
V(3)=1.01825-0.10741i;
V(4)=1.0476-0.049i;
V(5)=1.06+01i;

I=Ybus*V'

Note: if any bus is connected ground it has to done manually.

DEPARTMENT OF E&EE, CIT, GUBBI 11



POWER SYSTEM SIMULATION LAB-21EEL6 2023-2024

Exp: 3.a
FORMATION OF Y- BUS USING SINGULAR TRANSFORMATION

AIM: Y bus formation for systems, without mutual coupling, by singular
transformation.
THEORY:

FORMATION OF Y BUS MATRIX

Bus admittance is often used in power system studies. In most of the power system studies it
is required to form y- bus matrix of the system by considering certain power system
parameters depending upon the type of analysis.

Y-bus may be formed by inspection method only if there is no mutual coupling between the
lines. Every transmission line should be represented by - equivalent. Shunt impedances are
added to diagonal element corresponding to the buses at which these are connected. The off
diagonal elements are unaffected. The equivalent circuit of Tap changing transformers is
included while forming Y-bus matrix.

Generalized Y-bus = Yii....c.ccooveene Yid

where, Yii = Self admittance
Ydi = Transfer admittance

PROCEDURE:

* Enter the command window of the MATLAB.

% Create a new M — file by selecting File - New — M — File
+ Type and save the program in the editor window.

+ Execute the program by pressing Tools — Run.

* View the results.

DEPARTMENT OF E&EE, CIT, GUBBI 12



POWER SYSTEM SIMULATION LAB-21EEL6 2023-2024

PROGRAM:

clc;
clear all;

disp('---—————- Y Bus formation ------ D
x=input ('Enter the no of nodes=');
for i=1:1:x
for j=1:1:x
if (i==j3)
a(i,j)=input(strcat('Enter the value of admittance
Y',int2str (i) ,int2str(0),'="));
else
a(i,j)=input(strcat('Enter the value of admittance
Y',int2str (i) ,int2str(j),'="));
end
end

end

b=a;
y=0;
for i=1:1:x
for j=1:1:x
if i==3
for k=1:1:x
y=y+b (i k) ;
end
a(i,j)=y;
y=0;
else
a(i,j)=-b(i,3);

end

end
end
b

ybus=a
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POWER SYSTEM SIMULATION LAB-21EEL6 2023-2024

Exp: 3.b
FORMATION OF ‘Y- BUS’ BY INSPECTION METHOD.

AIM: Y bus formation for systems,by inspection method.

PROCEDURE:

+ Enter the command window of the MATLAB.

+ Create a new M —file by selecting File - New — M — File
4+ Type and save the program in the editor window.

4+ Execute the program by pressing Tools — Run.

+ View the results.

cm————

Obtain Y by singular transformation method for the system having following d:;t'a Take
bus 4 as ref bus

Element No. 1} 2181418
Buscode(p-q) |1-2{2-3[3-4{1-4]2-4
Admittance (pu) | 2 | 1.5] 3 |2.5] 4

Line no 1 2 3 4 5
Bus code 0-1 |{1-2 |23 |30 | 20
Admittance | J1.4 | J1.6 | J2.4 | J2.0 | J1.8
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POWER SYSTEM SIMULATION LAB-21EEL6

2023-2024

SFORMATION OF Ybus USING SINGULAR TRANSFORMATON METHOD
SWITH MUTUAL COUPLING & WITHOUT LINE CHARGING:

5 P 4
z=[0 1
0 2
2 3
0 1
1 3
p=z(:,1);
aq=z(:,2);
Z=z(:,3);

mno=z (:,4);
zmc=z(:,5);

O O O oo

Z

.61
.51
.51
.4i
.21

mno mutual (imp)

O r O BRr O

0.

nbus=max (max (p) ,max(q)) ;

Y=zeros (nbus) ;
nline=length (p) ;
A=zeros (nline,nbus) ;
for k=1l:nline,
if (q(k)==0)
A(k,p(k))=1;
elseif (p (k)==0)
A(k,q(k))=-1;
end
if (p (k) ~=0&q (k) ~=0)
A(k,p(k))=1;
A(k,q(k))=-1;
end

end

zpr=zeros (nline,nline) ;
for k=1l:nline
zpr (k, k) =2 (k) ;
if (mno(k))
zpr (k ,mno (k) ) =zmc (k) ;
zpr (mno (k) ,k)=zmc (k) ;

end

end

ypr=inv (zpr) ;

format short;
Ybus=A'*ypr*A

0

1i
0
0.2i
01;

DEPARTMENT OF E&EE, CIT, GUBBI
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POWER SYSTEM SIMULATION LAB-21EEL6 2023-2024

Exp: 3.c

AIM: FORMATION OF Ybus USING SINGULAR TRANSFORMATON METHOD
WITH MUTUAL COUPLING & WITHOUT LINE CHARGING

PROCEDURE:
+ Enter the command window of the MATLAB.

+ Create a new M —file by selecting File - New — M — File
+ Type and save the program in the editor window.

£ Execute the program by pressing Tools — Run.
View the results

EXPECTED RESULT:

FORMATION OF Ybus USING SINGULAR TRANSFORMATION METHOD WITHOUT
MUTUAL COUPLING:

Ybus =
12.9167 -38.6950i  -10.0000 +30.0000i 0 -1.6667 + 5.0000i -1.2500 + 3.7500i
-10.0000 +30.0000i  12.9167 -38.6950i -1.2500 + 3.7500i -1.6667 + 5.0000i 0
0 -1.2500 + 3.7500i 3.7500 -11.2100i -2.5000 + 7.5000i 0
-1.6667 + 5.0000i -1.6667 + 5.0000i -2.5000 + 7.5000i 10.8333 -32.4150i -5.0000 +15.0000i
-1.2500 + 3.7500i 0 0 -5.0000 +15.0000i 6.2500 -18.6950i

| =
-24.8742 - 7.9772i
32.7204 +11.1076i
-2.7353 - 0.6013i
-4.2194 - 1.6135i
-0.9560 - 0.6148i

FORMATION OF Ybus USING SINGULAR TRANSFORMATON METHOD WITH
MUTUAL COUPLING & WITHOUT LINE CHARGING:
Ybus =

0 - 8.0208i 0 + 0.2083i 0 + 5.0000i

0 + 0.2083i 0 - 4.0833i 0 + 2.0000i

0 + 5.0000i 0 + 2.0000i 0 - 7.0000i
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POWER SYSTEM SIMULATION LAB-21EEL6 2023-2024

PROGRAM:
clc
clear all
sprogram for swing curve when the fault is cleared
ps=0.9;e=1.1;,v=1.0;m=0.00028;
xe=0.35;xL=0.2;
sfunction swing2 (ps,e,Vv,m, xe, xL)
x1l=xe+xL/2;
ch=input ('enter 1-for fault at the beginning of line
\n 2-for fault at the middle of line ');
switch ch
case 1,
x2=inft;
case 2,
x2=(xe*xL+xe*xL/2+xL*xL/2) / (xL/2) ;
otherwise
disp ('wrong input');
end
x3=xe+xL;
dt=0.05;
$ct=ct/50; //conversion from cycles to sec
ct=input ('\n enter clearing time in secs ');
k=ct/dt;
r=ct-floor (k) *dt;
if (r==0)
fprintf ('"FAULT IS CLEARED AT THE BEGINNING OF
AN INTERVEL') ;
else
fprintf ('"FAULT IS CLEARED AT THE MIDDLE OF AN
INTERVEL"') ;
end
rr=180/pi;
f=dt"2/m;
deld=0;
it=1; t(it)=0;
pml=e*v/x1;
del (it)=asin (ps/pml) ;
pm2=e*v/x2;
pm3=e*v/x3;
fprintf ('\n TIME PMAX DELTA') ;
pm=pml ;
pe=pm*sin(del (it));
pa=(ps-pe) ;
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POWER SYSTEM SIMULATION LAB-21EEL6 2023-2024

Exp: 4a

PROGRAM FOR SWING CURVE WHEN THE FAULT IS
CLEARED.

AIM: To determine the Swing curve when the fault is cleared
)] At the beginning of the Line
i) At the middle of the line

PROCEDURE:
+ Enter the command window of the MATLAB.

+ Create a new M —file by selecting File - New — M — File
+ Type and save the program in the editor window.
+ Execute the program by pressing Tools — Run.

+ View the results.

Theory:

Transient stability limit : Transient stability limit of a two-machine system is defined as the
maximum power that can be transmitted from one machine to the other without loss of
synchronism for a specified, sudden, severe, unrepeated shock.

The load angle or the torque angle 6 depends upon the loading of the machine, larger the loading
larger is the value of the torque angle. If some load is added or removed from the shaft of the
synchronous machine the rotor will decelerate or accelerate respectively with respect to rotating
magnetic field. The rotor swings with respect to the stator field. The equation describing the
relative motion of the rotor with respect to the stator field as a function of time is known as swing
equation. The swing equation is given below

Md26 = Ps — Pe

dt2

Where Pe is Pmsin §

M is the angular momentum of the rotor

d is the torque angle

Ps is the power input

Pe is the electromagnetic power output

In case ,,6 increases indefinitely it indicates instability where as if it reaches a maximum and
starts decreasing,it shows that the system will not lose stability since the oscillations will be
damped out with time.

For the stability of the system dé =0

dt

The system will be unstable if dd > 0 for a sufficiently long time

dt

Swing curve:

The solution of swing equation gives the relation between rotor angle ,,6* as a function of time ,,t*.

The plot of ,,6* versus ,,t"™ is called as swing curve. No analytical solution of this equation exists.
However, techniques are available to obtain approximate solution of such differential equations by
numerical methods and one must therefore resort to numerical computation techniques. In this
program the swing equation is solved using Runge Kutta method
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POWER SYSTEM SIMULATION LAB-21EEL6 2023-2024

fprintf ('\n %5.3f $5.2f $5.2f",
t(it),pm,del (it)* rr);
pm=pm2 ;

pe=pm*sin (del (it));
pa=(ps-pe) /2;
while (t (it)<=0.5)
ft=f*pa/rr;
deld=deld+ft;

fprintf ('\n %5.3f $5.2f $5.2f",
t(it),pm,del (it)* rr);
it=1it+1;

t(it)=t (it-1)+dt;
del (it)=del (it-1) +deld;
pm=pm2 ;
if(t(it)==ct)
pm= (pm2+pm3) /2;
elseif (t (it)>ct)
pm=pm3;
end
pe=pm*sin(del (it)) ;
pa=ps-pe;
end
plot (t,del*rr, 'r'");
title('swing curve');
xlabel ('Time") ;
ylabel ('Delta');

EXPECTED RESULT:
swing curve swing curve
45 r r r r r r 60 T T T T T T
408 / 1 )
/ i N
35t \ A \
/ \\ / \\
\\ 401 //’ \\
) of \ / \
8 g / \
251 g 30r / /
201 /
\ 20
\\\ \
15 \ : \
\/ 10+ \\
10 r r r r r r \\
0 0.1 0.2 0.3 04 0.5 0.6 0.7 T~
Time 0 L L L L L L
0 0.1 0.2 0.3 0.4 0.5 0.6 0.7
Time
enter 1-for fault at the beginning of line 2-for fault at the middle of line 1
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POWER SYSTEM SIMULATION LAB-21EEL6

enter clearing time in secs 0.05
FAULT IS CLEARED AT THE
BEGINNING OF AN INTERVEL
PMAX DELTA

TIME
0.000
0.000
0.050
0.100
0.150
0.200
0.250
0.300
0.350
0.400
0.450
0.500

enter 1-for fault at the beginning of line

2.44
0.00
1.00
2.00
2.00
2.00
2.00
2.00
2.00
2.00
2.00
2.00

21.60
21.60
25.62
33.81
40.10
42.93
41.62
36.50
28.78
20.51
14.01
11.23

2-for fault at the middle of line 2

enter clearing time in secs 0.125

2023-2024

FAULT IS CLEARED AT THE MIDDLE
OF AN INTERVEL

TIME
0.000
0.000
0.050
0.100
0.150
0.200
0.250
0.300
0.350
0.400

0.450
0.500

PMAX DELTA

2.44
0.88
0.88
0.88
2.00
2.00
2.00
2.00
2.00
2.00

2.00
2.00

21.60
21.60
24.17
31.56
42.88
50.07
51.61
47.19
37.70
25.33

13.35
5.29
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POWER SYSTEM SIMULATION LAB-21EEL62 2023-2024

PROGRAM:
clc
clear all
%$swing curve for sustained fault and critical clearing
time.
$ps=mech. power input xe=xgtxt, xl=reactance before
fault x2=reactance after fault
pPs=0.9;e=1.1;v=1.0;m=0.00028;xe=0.35;,xLi=0.2;
$function swing(ps,e,v,m,xe, xLi)
x1=xe+xLi/2;
ch=input ('enter 1-for fault at the beginning \n 2-for
fault at the middle');
switch ch
case 1
x2=1inf;
case 2
x2=(xe*xLi+xe*xLi/2+xLi*xLi/2)/ (xLi/2) ;
otherwise
disp ('wrong input');
end
dt=0.05;
rr=180/pi;
f=dt*2/m;
it=1;
t(it)=0;
deld=0;
pml=e*v/x1;
del (it)=asin (ps/pml) ;
fprintf ('\n SUSTAINED FAULT') ;
fprintf ('\n TIME PMAX DELTA');
fprintf ("\n------------------------ "y ;
pm=pml ;
fprintf ('\n %$5.3f %5.2f %5.2f',t(it),pm,del (it) *rr);
pm2=e*v/x2;
pm=pm?2 ;
pe=pm*sin (del (it)) ;
pa= (ps-pe) /2;
t1=0;
while (t (it)<=0.5)
ft=f*pa/rr;
deld=deld+ft;
if(tl-t(it)<=0.5)
fprintf ('\n %5.3f $5.2f
$5.2f',t(it),pm,del (it) *rr);
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POWER SYSTEM SIMULATION LAB-21EEL62 2023-2024

Exp: 4b
SWING CURVE FOR SUSTAINED FAULT AND CRITICAL
CLEARING ANGLE & TIME.

AIM: To determine swing curve for sustained fault and critical clearing angle & time.

PROCEDURE:

& Enter the command window of the MATLAB.

+ Create a new M —file by selecting File - New — M — File
+ Type and save the program in the editor window.

+ Execute the program by pressing Tools — Run.

+ View the results.
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DELTA

end

it=it+1;

t(it)=t(it-1)+dt;

del (it)=del (it-1) +deld;

pm=pm2 ;

pe=pm*sin (del (it)) ;

pa=ps-pe;
end
x3=xe+xLi;
$x3=0.55;
pm3=e*v/x3;
delm=pi-del (1) ;
cdc= (ps* (delm-del (1)) +pm3*cos (delm) -
pm2*cos (del (1)))/ (pm3-pm2) ;
delc=acos (cdc) ;
fprintf ('\n critical clearing angle-%f',delc*rr);
it=1;
while (t(it)<0.5)

if (del (it)>=delc)

break;

end

it=it+1;
end
fprintf ('\n critical clearing time-%f',t(it));
plot(t,del, 'r'");
title('swing curve');
xlabel ('"TIME') ;
ylabel ('"DELTA') ;

EXPECTED RESULT:

swing curve swing curve

POWER SYSTEM SIMULATION LAB-21EEL62 2023-2024

35

251

DELTA

F _— 1 05 _—

r r r r r
0 01 0.2 0.3 04 0.5 0.6 0.7 0

r r r r r r
TIME 0 0.1 0.2 0.3 0.4 0.5 0.6
TIME

0.7
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2023-2024

POWER SYSTEM SIMULATION LAB-21EEL62

enter 1-for fault at the beginning
2-for fault at the middlel

SUSTAINED FAULT
TIME PMAX DELTA

critical clearing angle-81.684989
critical clearing time-0.200000

enter 1-for fault at the beginning
2-for fault at the middle2

SUSTAINED FAULT
TIME PMAX DELTA

critical clearing angle-118.182332
critical clearing time-0.400000

2.44 21.60
0.00 21.60
0.00 25.62
0.00 37.67
0.00 57.76
0.00 85.89
0.00 122.05
0.00 166.25
0.00 218.48
0.00 278.75

0.00 347.05
0.00 423.39

2.44 21.60
0.88 21.60
0.88 24.17
0.88 31.56
0.88 42.88
0.88 56.88
0.88 72.34
0.88 88.34
0.88 104.53
0.88 121.15

0.88 139.08
0.88 159.89
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POWER SYSTEM SIMULATION LAB-21EEL62 2023-2024

PROGRAM:
clc
clear all

Z=input ('\n Enter the starting bus in first
column step No, from bus(fb) in 2nd column
and 3rd column to bus(tb) and 4th column
value of impedance')

[m n]= size(Z2);
Zbus=[ ] ;%Let Zbus be a null matrix to

begin with
currentbusno=0;
for count = 1:m,
[rows cols]=size (Zbus) ;
fb=7 (count, 2) ;
tb=Z7 (count, 3) ;
value=7 (count, 4) ;
newbus=max (fb, tb) ;
ref=min (fb, tb) ;
% Type 1 Modification
1f newbus>currentbusno & ref==
Type=1
Zbus=[Zbus zeros(rows, 1)
zeros (1l,cols) value]
currentbusno=newbus;
continue
end
s Type 2 Modification
if newbus>currentbusno & ref~=0
Type=2
Zbus=[Zbus Zbus(:,ref)
Zbus (ref, :)
value+Zbus (ref, ref) |

currentbusno=newbus
continue
end
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POWER SYSTEM SIMULATION LAB-21EEL62 2023-2024

EXxp:5.

Z-BUS BUILDING ALGORITHEM

AIM: Formation of Z-bus, using Z-bus build Algorithm without mutual.

PROCEDURE:

+ Enter the command window of the MATLAB.

£ Create a new M — file by selecting File - New — M — File
+ Type and save the program in the editor window.

+ Execute the program by pressing Tools — Run.

4+ View the results.

EXPECTED RESULT
Type=1

Zbus = 0.2500
Type=2
Zbus =
0.2500 0.2500
0.2500 0.3500
Type = 2
Zbus =
0.2500 0.2500 0.2500
0.2500 0.3500 0.2500
0.2500 0.2500 0.3500
Zbus =
0.1458 0.1042 0.1458
0.1042 0.1458 0.1042
0.1458 0.1042 0.2458
Zbus =
0.1397 0.1103 0.1250

0.1103 0.1397 0.1250
0.1250 0.1250 0.1750
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POWER SYSTEM SIMULATION LAB-21EEL62 2023-2024

o

s Type 3 Modification
1f newbus<=currentbusno & ref==
Type=3
a= Zbus
b= Zbus (newbus, newbus)
c=value
d=Zbus (:, newbus)
e=/Zbus (newbus, :)
Zbus=7Zbus-
1/ (Zbus (newbus, newbus) +value) *Zbus (:, newbus)
*Zbus (newbus, :)

continue
end

o

% Type 4 Modification
if newbus<=currentbusno & ref~=0
Type=4
Zbus=Zbus-—
1/ (value+Zbus (fb, £b) +Zbus (tb, tb) -
2*72bus (fb, tb) ) * ( (Zbus (:, £fb) -
Zbus (:,tb))* ((Zbus (fb, :) -Zbus (tb, :))))

continue
end
end
Problem:
step fb tb wvalue(z)
1 1 0 0.251
2 2 1 0.11
3 3 1 0.11
4 2 0 0.251
5 2 3 0.11
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POWER SYSTEM SIMULATION LAB-21EEL62 2023-2024

Yok ©
® Jor & @3"‘ ;
9
@\ 3% ) \©

b

(&3] JO'L’
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POWER SYSTEM SIMULATION LAB-21EEL62 2023-2024

PROGRAM:
% Formation of Jacobian matrix
clc
clear all
nb=3;
Y=[65-457 -40+201i -25+251;
-40+201 60-60i -20+401;
-25+251 -20+401i 45-6517;
V= 1[1.00;1.0 0.0 ;1.0 0.0 ];
Jl = zeros(nb-1,nb-1) ;
J2 = zeros (nb-1,nb-1) ;
J3 = zeros (nb-1,nb-1) ;
J4 = zeros (nb-1,nb-1)

.
14

for p = 2:nb
Vp = V(p,1);
delta p = V(p,2) * pi/180;

Ypp = abs (Y (p,p));
theta pp = angle(Y(p,p))’

V1l =V(1,1);

delta 1 = V(1,2) * pi/180;
Ypl = abs( Y(p,1) )

theta pl = angle( Y(p,1));

Jl (p-1,p-1) = Vp * V1 * Ypl * sin( theta pl - delta p + delta 1 );

J2 (p-1,p-1) = 2*Vp*Ypp*cos(theta pp) + V1*Ypl*cos(theta pl - delta p + delta_1);
J3 (p-1,p-1) = Vp*Vl1l*Ypl*cos(theta pl - delta p + delta 1);

J4 (p-1,p-1) = -2*Vp*Ypp*sin(theta pp) - Vp*¥Ypl*sin(theta pl - delta p + delta 1);

for g = 2:nb

Vg = V(q,1) ;
delta g = V(q,2) * pi/180;

Ypg = abs ( Y(p,q) );
theta pg = angle( Y(p,q) );

templ = -Vp * Vq * Ypq * sin( theta pqg - delta p + delta q)
temp2 = Vg * Ypq * cos( theta pg - delta p + delta q) ;
temp3 -Vp * Vq * Ypq * cos( theta pq - delta p + delta q) ;
temp4d = -Vp * Ypq * sin( theta pqg - delta p + delta q)

if g ~=p
Jl(p-1,g-1) = templ ;
Jl(p-1,p-1) = Jl(p-1,p-1) - templ ;
J2(p-1,g-1) = temp2 ;
J2(p-1,p-1) = J2(p-1,p-1) + temp2 ; cont..
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POWER SYSTEM SIMULATION LAB-21EEL62 2023-2024

Exp:6

FORMATION OF JACOBIAN FOR THE SYSTEM NOT EXCEEDING
4 BUSES (no PV BUSES) IN POLAR COORDINATES

Aim: A Three-Bus system is given. Forma Jacobian matrix for the system in polar coordinates.

PROCEDURE:

+ Enter the command window of the MATLAB.

* Create anew M — file by selecting File - New — M — File
+ Type and save the program in the editor window.

£ Execute the program by pressing Tools — Run.

£ View the results.

cont...
J3(p-1,g-1) = temp3 ;
J3(p-1,p-1) = J3(p-1,p-1) - temp3 ;
J4(p-1,g-1) = temp4d ;
J4 (p-1,p-1) = J4(p-1,p-1) + tempd ;
end
end
end
J = [J1l J2; J3 J4]
EXPECTED RESULT
J=

60.0000 -40.0000 60.0000 -20.0000
-40.0000 65.0000 -20.0000 45.0000
-60.0000 20.0000 60.0000 -40.0000
20.0000 -45.0000 -40.0000 65.0000
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POWER SYSTEM SIMULATION LAB-21EEL62 2023-2024

Case study:

256.6 +j 110.2

(1) : (2)
1.05<0 0.02+)0.04 0.98183<-3.5
0.0455 + 0.025

(3)
1.00125<-2.8624

138.6 +7j 45.2

Program:

clc;

clear;

linedata=[1 2 0.02 0.04 0
13001 0030
23 0.0125 0.025 0];

fr=linedata(:,1);

to=linedata(:,2);

R=linedata(:,3);

X=linedata(:,4);

B_half=linedata(:,5);

nb=max(max(fr),max(to));

nbr=length(R);

bus data=[1 1.05 0
20.98183 -35
3 1.00125 -2.8624];
bus_no=bus_data(:,1);
volt_mag=bus_data(:,2);
angle_d=bus_data(:,3);

Z=R+j*X; %branch impedance
y=ones(nbr,1)./Z; %Dbranch admittance
Vbus=(volt_mag.*cos(angle_d*pi/180))+ (j*volt_mag.*sin(angle_d*pi/180));
%line current

for k=1:nbr

Ifr(K)=(Vbus(fr(k))-Vbus(to(k)))*y(k) + (Vbus(fr(k))*j*B_half(k));
Ito(k)=(Vbus(to(k))-Vbus(fr(k)))*y(k) + (Vbus(to(k))*j*B_half(k));
end

%line flows

% S=P+jQ

for k=1:nbr

DEPARTMENT OF E&EE, CIT, GUBBI 31



POWER SYSTEM SIMULATION LAB-21EEL62 2023-2024

Exp: 7.

DETERMINATION OF BUS CURRENTS, BUS POWER & LINE
FLOWS FOR A SPECIFIED SYSTEM VOLTAGE (BUS) PROFILE.

AIM: Determination of bus currents, bus power and line flow for a specified
system voltage (Bus) Profile

PROCEDURE:

+ Enter the command window of the MATLAB.

£ Create a new M —file by selecting File - New — M — File
+ Type and save the program in the editor window.

+ Execute the program by pressing Tools — Run.

4+ View the results.
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Sfr(k)=Vbus(fr(k))*Ifr(k)";

Sto(k)=Vbus(to(k))*Ito(k)";

end

%line losses

for k=1:nbr

SL(k)=Sfr(k)+Sto(K);

end

%Dbus power

Sbus=zeros(nb,1);

for n=1:nb

for k=1:nbr
if fr(k)==n
Sbus(n)=Sbus(n)+Sfr(k);
elseif to(k)==n
Sbus(n)=Sbus(n)+Sto(k);
end
end

end

%Bus current

%P+jQ=V*I

Ibus=(Sbus./Vbus)';

fprintf(’ OUTPUT DATA \nY;

forintf(C___ \nY);

fprintf("  Line Currents\n’);

forintf(C___ \nY);
for k=1:nbr

fprintf(' 1%d%d= %4.3f (+) %4.3f \n',fr(k),to(k),real(Ifr(k)),imag(Ifr(k)));
fprintf(' 1%d%d= %4.3f (+) %4.3f \n', to(k),fr(k),real(Ito(k)),imag(lto(k)));
end

forintf("___ \n");

fprintf("  Line Flows\n")

forintfC \nY);
for k=1:nbr

fprintf(' S%d%d= %4.3f (+) %4.3f \n',fr(k),to(k),real (Sfr(k)),imag(Sfr(k)));
fprintf(' S%d%d= %4.3f (+) %4.3f \n', to(k),fr(k),real(Sto(k)),imag(Sto(k)));
end

forintfC \nY);

fprintf( Line Losses\n’)

forintfC \nY);
for k=1:nbr

fprintf(' SL%d%d= %4.3f (+) %4.3f \n',fr(k),to(k),real(SL(k)),imag(SL(K)));
end
forintf(C
fprintf( Bus Power\n’)
forintfC
for k=1:nb
fprintf(' P%d= %4.3f (+) %4.3f \n',k,real(Sbus(k)),imag(Sbus(k)));
end
fprintf('" Bus Current\n’)
forintf(C___
for k=1:nb
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fprintf(' 1%d= %4.3f (+) %4.3f \n' k,real(Ibus(k)),imag(lbus(k)));
end
fprintf(’

EXPECTED RESULT:

OUTPUT DATA

112=1.899 (+) -0.801
121=-1.899 (+) 0.801
113= 2.000 (+) -1.000
131=-2.000 (+) 1.000
123=-0.638 (+) 0.481
132= 0.638 (+) -0.481

S12=1.994 (+) 0.841
S$21=-1.909 (+) -0.671
S$13=2.100 (+) 1.050
S$31=-2.050 (+) -0.900
$23= -0.654 (+) -0.433
$32= 0.662 (+) 0.449

SL12=0.085 (+) 0.170
SL13= 0.050 (+) 0.150
SL23= 0.008 (+) 0.016

P1=4.094 (+) 1.891

P2=-2.563 (+) -1.104

P3=-1.388 (+) -0.451
Bus Current

11= 3.899 (+) -1.801
2= -2.537 (+) 1.282
13= -1.362 (+) 0.519
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Exp: 8
LOAD FLOW STUDIES FOR A GIVEN POWER SYSTEM USING
SOFTWARE PACKAGE

Figure below shows a single line diagram of a 5bus system with 2 generating units, 7 lines.
Per unit transmission line series impedances and shunt susceptances are given on 100MVA
Base, real power generation, real & reactive power loads in MW and MVAR are given in the
accompanying table with busl as slack, obtain a load flow solution with Y-bus using Gauss-
Siedel method and Newton Raphson method. Take acceleration factors as 1.4 and tolerances
of 0.0001 and 0.0001 per unit for the real and imaginary components of voltage and 0.01 per
unit tolerance for the change in the real and reactive bus powers.

" ©) @

2) ©)

IMPEDANCES AND LINE CHARGING ADMITTANCES FOR THE SYSTEM

Table: 1.1

Bus cone Impedance Line Charging
From-To R+jX B/2

1-2 0.02+j0.06 j 0.030

1-3 0.08+j0.24 j 0.025

2-3 0.06+j0.18 j0.020

2-4 0.06+j0.18 j 0.020

2-5 0.04+j0.12 j0.015

3-4 0.01+j0.03 j0.010

4-5 0.08+j0.24 j 0.025

GENERATION, LOADS AND BUS VOLTAGES FOR THE SYSTEM
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Table: 1.2

Bus Bus Generation Generation Load Load
No Voltage MW MVAR MW MVAR

1 | 1.06+j0.0 0 0 0 0

2 | 1.00+j0.0 40 30 20 10

3 | 1.00+j0.0 0 0 45 15

4 | 1.00+j0.0 0 0 40 5

5 | 1.00+0.0 0 0 60 10

General procedure for using Mi-Power software
1. Double click on the MiPower icon present in the desktop.

2. Click ok and click on MiPower button, then select super user than click ok.

3. Ablue screen MiPower window will appear, then double click on the power
system editor to get MiGui window.
Load flow studies

1.

Select menu option Database = Configure. Configure Database dialog is
popped, Click Browse button.

Open dialog box is popped up, then browse the desired directory and specify
the name of the database (file name).

Create the Bus-bar structure as given in the single line diagram.

Note: since the voltages are mentioned in the PU, any KV can be assumed. So
the base voltage is chosen as 220 KV
After creating the Buses draw the transmission line according to the single line

diagram given.

Place the generator and enter it*s ratings on the respective Bus number
mentioned in the single line diagram.

Similarly as generator place the load and its data.

Go to solve menu in that select load flow analysis, select case (as no 1), select
study info..

Load flow studies window will appear in that select gauss seidel method (, then
enter the accretion factor 1.4 or 1.6, then mention slack bus as Bus no 1, finally
select print option as detailed results with data then press ok.

Click on execute button, then click on the report. Select standard finally click
on OK.

Procedure to enter the data for performing studies using MiPower

MiPower - Database Configuration
Open Power System Network Editor. Select menu option Database = Configure. Configure
Database dialog is popped up as shown below. Click Browse button.
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Click here to specify the name of
the database

Open dialog box is popped up as shown below, where you are going to browse the desired
directory and specify the name of the database to be associated with the single line diagram.
Click Open button after entering the hired database name. Configure Database dialog will
appear with path chosen.

:
Lok re Iﬂgmd; k\ :] g-] Configure Database I
e,

Daanas: Name IE AStudiStang mdb
Selert the folder and

give the datzbese name
ad click CE 0K | ] I a

Fie name: IEIa;gmib { Ooen \ 2

Click to clear the
Fies ol lyps: | Daldusse Fies *rmdb =l Lancel Click OK database path
[ Dpen as reackarly

Note: Do not work in the MiPower directory.
Click OK button on the Configure database dialog. The dialog shown below appears.
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Uncheck the Power System Libraries and Standard Relay Libraries. For this example these
standard libraries are not needed, because all the data is given on pu for power system libraries
(like transformer, line\cable, generator), and relay libraries are required only for relay co-
ordinate studies. If Libraries are selected, standard libraries will be loaded along with the
database. Click Electrical Information tab. Since the impedances are given on 100 MVA
base, check the pu status. Enter the Base and Base frequency as shown below. Click on
Breaker Ratings button to give breaker ratings. Click OK to create the database to return to

Network Editor.
Conhguration | nfommabion I Conhguration lforsation =]
General [nfomstion | Votage Levels I GEnd sk ] Valags Levets |
Elchcal Infamatiors | Breakar Ratings Eectizall formation Breaker Rarings:
Bace MVA ﬁ
40000 [ pva 13200 [0 mva
Base Frequency IE[] Hz 221.000 |10330 A, 11.000 !350 b
pustetus v 230.000 10000 PV, 1090 30 Pa
132.000 |€nm MVA 10000 350 VA
o Irdcates hal dl be arpedances see speciliscd o PLLon
a comenon MVA base. 10000 |Z0m MAVA, E.6M 250 MAA
Els= the machin= mp=danc=s ae specilied r FLJ on ils b6 00 I_ I—
awn l'aﬁsn ad tra‘rmiegior’l‘ inegalaﬁsireaﬁlf i o WA 34300 10 M
speched naclhale e B ohrsdm msdam an e -
B/2 meollim 33000 1500 A 0415 50 v/
Medip Al Breacer Hatings I
[ ok | coma | ol | el ok | ceen | A

Bus Base Voltage Configuration

In the network editor, configure the base voltages for the single line diagram. Select menu

option Configure—Base voltage. The dialog shown below appears. If necessary change the

Base-voltages, color, Bus width and click OK.
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Wk AT T
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Procedure to Draw First Element - Bus

Click on Bus icon provided on power system tool bar. Draw a bus and a dialog appears
prompting to give the Bus ID and Bus Name. Click OK. Database manager with
corresponding Bus Data form will appear. Modify the Area number, Zone number and
Contingency Weightage data if it is other than the default values. If this data is not furnished,
keep the default values. Usually the minimum and maximum voltage ratings are + 5% of the
rated voltage. If these ratings are other than this, modify these fields. Otherwise keep the
default values.

Bus description field can be effectively used if the bus name is more than 8 characters. If bus
name is more than 8 characters, then a short name is given in the bus name field and the bus
description field can be used to abbreviate the bus name. For example let us say the bus name
is Northeast, then bus name can be given as NE and the bus description field can be North
East.

" MitiL1) A Vowss fystom Ntk Edior - st ol E\S bbAstao Duss Dotel wel
Flo Eck Vikw Ovaw Power Spstan Sot Charge Obests) Comhaus Pl Dadhee Sdue Window — - -
Bus Data r
BII&Z,EEUEW{I Bz nunbe ]1

\& "f ""' Uis Mo l-:4|

‘.t -'_ .D Hn Descrelon ]Hnlh

il Mo Vi 220,000

Sk :w:"::: s;;':Lc«..» N- W

—f—— i | Aima Nurmbmy

2|Fe [ [ |

°' . Zone Hurbay Sehct Zone Hunbat

=S It | = ®

|| N

17| #f Mo Yolage 20000 WY

@ "9 '@ Maemom Vokags 221000000

] Faloh B

HEE alch Bug| Giobal Change| Losd | Diwabs | 2

azin - OO - 4 | N

e G080 DASEEASE 4 == IT=

After entering data click Save & which invokes Network Editor. Follow the same procedure for remaining
buses. Following table gives the data for other buses.

Bus Bus Nominal
Number Name Voltage(kV)
2 South 220
3 Lake 220
4 Main 220
5 Eim 220

Note: Since the voitages are mentioned in pu, any kV can be assumed. So the base voltage is chosen as 220
KV.
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Procedure to Draw Transmission Line e - : : R
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Click on Transmission Line icon provided on power system |5 be| e ]
tool bar. To draw the line click in between two buses and to |5 |
connect to the from bus double clicking LMB (Left Mouse Button) % torh ] .';*;;f_
on the From Bus and join it to another bus by double clicking the = Zm olelE
mouse button on the To Bus. Element ID dialog will appear. o] .o =1 | S5
= . Foue Dwaany =

Iz} I A e | | TEIAL

i By ] ]

- I3 el I (Y
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Enter Element ID number and click OK. Database manager with corresponding Line\Cable Data form will be
open. Enter the details of that line as shown below.

Enter Structure Ref No.as 1 and ¢lick on Transmission Line Library >> bution.

I NV i S i) bl 3 =l o S B 0 [T ol e i L I o]

Line\Cable Data

Line Mt |1 Feich Line 1% Ling Mape= |Lirsl
Pefldkad s [900 From Berim Fisfing |E NYN
Morbe o Cacite [T To BreskaFating B ww
Frann Bus ke [0 1-] CordindohCy L ia0n ﬁ‘—'
Toe Bz st lﬁ Sintuns Al Mo [} =l an
CasCs0oty 1 b Teaamizson Lina Liben 53
LT -

Findarviet ¢ FemindDgen ™ ToEndCeen ™ Owt of Gevice =

Line & Cable Library form will appear. Enter Transmission line library data in the form as shown below for
Line1-2.

Line & Cable Library
N ||' “Fal & e l

| Stuct um Fbesaros Weme fumea

| Posdres B equeines Haenlares qu._- pu
| Pz § gt Raasteras [ice
| Pesitem £ muanes Euesptares U7 T3 -

| Ze0 Sequeres Fesoree |[|_ -
EZ:n!:n.l:m:Hﬂdﬂ"ﬂ: I[|___ fu

EZmE!mm Fuepcmplores B2 Iui o] '

| Thamal Fiosrg [ioa wva  Conpue I

| Lrees Harmeon & Mumaer [o Hosrmares Lkrsry »j:

L S m—
Theanal Curer Thawmasbs s

After entering data Save Sland Close. Line\Cable Data form will appear. Click Save B, which invokes Metwork
Editor to update next element. Data for remaining elements given in the following tahle.
Transmission Line Element Data

Line From No. Of Structure
Mo Bus To Bus circuits Ref. No.

2 1 3 1 2

3 2 3 1 3

4 2 4 1 3

5 2 5 1 4

G 3 4 1 5

7 4 5 1 2
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Transmission Line Library Data

Stmcnlﬂre Ref Strul'-t.l::;rl;z Ref Resistance | Reactance Line tlrar}grgmg Tg:tril::sl_
1 Line 1-2 0.02 0.06 0.03 100
2 Line1-3 & 4-5 0.08 024 0.025 100
3 Line2-3 & 2-4 0.06 0.18 0.02 100
4 Line2-5 0.04 0.12 0.015 100
5 Line3-4 0.01 0.03 0.01 100

Procedure to Draw Generator

Click on Generator icon provided on power system tool bar. Connect it to bus 1 by clicking the LME on Bus 1.
The Element ID dialog will appear. Enter 1D number and click OK. Database with corresponding Generator Data
form will appear. Enter details as shown below.

MECRRCEEHECE N gRE Generator Data
.. | Hurker |7 Hame [t _.Fi""i_._._jm Schekistic [T I
v | |
;::: o :hunllﬂ'll'll - !HWMQHHHW ] -l Ly
oo |tranpes G| [Cadonetints T tosbones |
121 e -
I wmemnmwg Auschve Possnr - Miniewn |7 Wows
g s Ewmtin | Uefakditds [jo0 Raichva Fosst . Nadmin o0 Wha
. | . om0 ==
Fisel Foees Dofinizsion [1ata I I g g T
m " CotCadiwmtl f || '
s Bl et | o Ried Pavier- Wiwan [0 W CoalTiked O | Fnsenks |
W :1_;,1 -:u_ E numu:m MWW CotCoedlicied () — :: 'y I:hl:fE-rvi:-I
non2 i Emt_£Jf
o — e el BundgRestnce [ o it Fadmi®) [T
o [ . Meutal (g Fisadance ?3 s HeSelay i
e T 5 e T Drose 4] ;
L LT _*JJ Do Thenagh Tharsboorer (R |

Since the specified voltage is given as 1.06 pu, click the Compute Volt button and give 1.06 value. Voltage will
e calculated and appear in the specified voltage fisld.

Since generator at bus 1 is mention as slack bus, only specified voltage will have importance.

MNote: At slack bus, only voltage and angle are menfioned. Scheduwled power, real power minimum and maximum
constraints do not have much importance.

If the bus is a PV bus (like bus 2), then scheduled power, specified voltage, minimum and maximum real and
reactive power data is must.

Enter Manufacturer Ref. No.as 1 and click on Generator Library button. Generator library form will appear.

Generator Library

| Fel Mk ﬁ Fetch Benerdor HawbchresHome G0
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(e ot Fieachn s (4| i M DeeckAas Trantiant Reaclance [0d] ﬁ [
o g Aeactance [ (0 P Bumdohur fds Tionsen] Aeachares o) ﬁ P

;Hngihnﬁnqﬂmmnpin]ﬂ B [wackAan SubeTrvaisd Aasctance [4°d] F P
{ZooSwRemwesid I M DedowsbirSibTamstRectneattyl i p

After entering data Save 5 and close. In Generator Data form click Save 5. Network Editor screen will be
invoked. Similarly connect generator 2 at bus 2. Enter its details as given in the following table.
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Generator 2 Element Data
Manufacturer Ref.No 2
No. of Units parallel 1
Specified voltage 220
Derated MVA 50
Scheduled Power 40
Real Power Min. 0
Real Power Max. 40
Reactive Power Min 30
Reactive Power Max 30

Note: Since in the data at bus 2, it is mentioned the Q generation as 30 MVAR. it means that generator has to
generate 30 MVAR compulsorily. So mention @ min and Q max data as same (30) for this particular case. Thus
bus has become PQ bus.

Generator 2 Library Data
MVA Rating 50
MW rating 40
KV rating 220
Manufacturer Name Genz2

Procedure To Enter Load Data

Click on Load icon provided on power system tool bar. Connect load 1 at BUS2 by clicking the LMB on Bus 2.
Element ID dialog will appear. Give ID No as 1 and say OK. Load Data form will appear. Enter load details as
shown below. Then click Save bution, which invokes Network Editor.
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Connect other loads o buses 3, 4 and 5. Enter other load details as given in the following table.

Load Details
Load No Bus No MW MVAR
2 5 60 10
3 3 45 15
4 4 40 5

Solve Load Flow Analysis

Select Menu option Solve—=Load Flow Analysis. Following dialog will appear.

When Study Info button is clicked, following dialog will open. Select Gauss-Siedel Method and enter
acceleration factor as 1.4 and P-Tolerance and Q-Tolerance as 0.0001. Click OK.
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Load Flow Analyziz E |

1.Click on study info

Coe I - \:ﬂud}llrfn... |
i Execite After Input Fie Creation
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required
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T He-a.ltsl

Netwu:urk...| Hapu:-rt...+ ‘.fiewElua..l Graph ... |

|
3 After executing click here to get report

When Study Info button is clicked, following dialog will open. Select Gauss-Siedel Method and enter
acceleration factor as 1.4 and P-Tolerance and Q-Tolerance as 0.0001. Click OK.

Generel | Froquncy dopersdornt Lowd Fiow | OctmalLocd Fiow | Carlingerecy Rarkma Andses |
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Execute load flow analysis and click on Report in load flow analysis dialog to view report. Repeat the procedure
with P and Q tolerances as 0.01 for Newton Raphson Method.

Date and Time : Fri Jan 12 1&:52:27 2001

LOAD FLOW BY GAUSS-S5IEDEL METHOD
CRSE NO - 1 CONTINGENCY : 0 SCHEDULE WO - O
CONTINGENCY WRME : Base Case

DEPARTMENT OF E&EE, CIT, GUBBI 44



2023-2024

POWER SYSTEM SIMULATION LAB-21EEL62

LARGEST BUS WUMEER USED 5 ACTUAL NUMBER OF BUSES B 5
RUMBER OF 2 WIND. TRANSFORMERS o] NUMBEER OF 3 WIND. TRANSFORMERS - 0
NIMBER OF TRRMNSMISSION LINES 7
RUMBER OF SERIES REACTORS o] NUMEER OF SERIES CRPRCITORS B 0
NIMBER OF CIRCUIT BEERFERE o]
NIMBER OF SHUMNT BERCTORS o] NUMEER OF SHUNT CRPRACITCORS B 0
NIMBER OF SHUNT IMPEDARNCE o]
NMBER OF GEWERATORS 2 NUMEER OF LOADS B 4
NMMBER OF LORD CHRRARCTERISTICS o] NUMEER OF UNDER FREQUENCY RELAY: o
RUMBER OF GEN CAPRBILITY CURVES: o] NUMEER OF FILTERS B 0
NIMMBER OF TIE LIME SCHELDULES u]
NIMBER OF CONVERTORS 7] HUMEER OF DT LIMES H v

WITH GRUSS-SEILEL
NIMBER OF ZOKES

PRINT CETION
PLOT JFTICH
HO FREQUENTCY
EASE MVER
NCMIMAL SYSTEM FREQUENCY
FREQUENCY DEVIATION (Hzs)
FLOWS IN MW END MVAR, OPTICH

DEPENDENT LOAD FLOW, CONTROL OPTION:

LHES)

: ECKING LIMIT (EHABLED)

BERL POWER TOLERZNCE (P

EEACTIVE POWER TCLERRNCE (PBU)

MRXIMUM NUMBER OF ITERRTIONS

EUS VILTAGE BELOW WHICH LOAD MIDEL IS CHARMGED
CIRCUIT BRERZEER BESISTREMCE (ET)

CIRCUIT BREZKER REARCT (P

TREMIFOBMER B/ BRTIC

2T
ErUL LR

- BOTH DATR END RESULTS ERINT
- PLOTTIING WITH FU VOLIRGE

ANNURL PERCENTAGE INTEREST CHRRGES

ANNURL PERCENT OFERATION & MAINTEWMANCE CHARGES
LIFE OF EQUIEMENT IN YERRE
ENERGY UNIT CHARRGE {EWHOUR)
LOSS LOAD FRCICR

COST PER MVARR IN LREES

IN RUPEES

OF RUPEES

WISE MULTIPLICATION FRCTCORS
P LORD 2 LOAD P GEN
1.000 1.004a 1.040
1.000 1.0040 1.000

Fa]
-

GEN SH RERCT

1.000
1.000

-
00

BUS MO. STATUS ZCKE VMIN-EFU

VHRX-FU

1 1 1 ZE20.000 0.950 1.080
2 1 1 220,000 0.850 1.050
3 1 1 Z220.000 0.550 1.050
] 1 1 ZE20.000 0.950 1.080
5 1 1 ZE20.000 0.950 1.080

HEME

Horth
South
Lake
Hain
Elm
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TRAMSMISSION LINE CDARTZ

STR CET FROM FROM T3 TC LINE PRREMETEER RATING FMS
HCODE MEME® HOTE HRME®* Ri(F. T E[B.U.) BfZ{P.U.) MVER

3 1 1 Horth 2 South 0.0Z000 .0e0n0oa 0.03000 100 1.0

3 Lake 0.02000 .24000 0.02500 100 1.0

5 Elm 0.0E000 .24000 0.0z500 100 1.0

Bouth 3 Lake 0.08000 21z000 0.0z000 100 1.0
4 1.0

= 1.0

4 1.0

Hain 0.08000 -180040 0.0z0o0oa 100
Elm 0.04000 J1z200a 0.01500 100
Hain 0.01000 .0L00a 100

[N LR L T L )
e e R L
LR R Y R R Y S B |

1o :
L]

=

ot

[

i
=
(11}
o
=
(=N

TOTAL LINE CHREGING SUSCEFTANCE
TOTAL LINE CHRRBGING MVAR AT 1 BU VOLIARGE

TIVE SUSCEPTZNCE
INDUCTIVE SUSCEFTRNCE

GENERATOR DATR

SL.MO* FROM FRCM FERL Q-MTN Q-MRY V-3PEC CR .
KOLE HEME* FOWER (M) HMVER MVER P.U. CURV ERATING

1 1 Horth 20. a.0000 g0.0000 a 100,00 3
2 2 South 40,0000 30,0000 30,0000 1.0000 a 50.00 3

LOAD DRTR

SLHQ FROM FROM BEAL BERACTIVE COME COMPENSATING MVAR VALUE CHRR E/V
‘ HODE MARME* M MUVRR MVER MIN MRK STEE HD HD

2]
—
-

1 2 South 20.000 10,000 0.00oa Q.000 0.0an Q.000

2 ] Elm 0000 10,000 0.00oa Q.000 0.0an a.000

3 3 Laks 45000 15,000 0.00oa Q.000 0.0an a.000

4 4 Main 40.000 5.000 0.00oa Q.000 0.0an a.000

R =R =R =]
=R =R=R=R=R=R ==

TOTAL SPECIFIED MW GENERARTION : 120.00000

TOTAL MIN MVRER LIMIT OF GEMERETCE :
TOTAL MRX MVAR LIMIT CF GENERATOR
TOTAL SPECIFIED MW LOAD reduced 16500000
TOTRL SPECIFIED MVEER LORD : reduced 0. 00000
TOTAL SPECIFIED MVAR COMPEMSATION : 0.00000 reduced 0. 00000

GENERAIOR DATR FCR FREQUENCY DEPENLDENT LOAD FLOW

SLHO*  FROM FRCOM P-BRTE B-MIN P-MEX RDR2C BARTICI BIAS
NOLDE MEME* M M M FARCIOR SETTING

co cl c2

0.0000
0.0000

2 2 South 40009 o_00na 400000 4_0009 0_0000
0000 0000 0.0000

1 1 Horth 20.000 0. oooo go.oono

Acceleration factor @ 1.40

Iteration count = 1 Error = 0.05253
Iteration count = ? Error = 0.015724 Bus = 5

Iteration count = 3 Error = 00078693 Bus = =1
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Iteration count

Iteration count

Iteration count

Iteration count

Iteration count

Iteration count

Iteration count

Iteration count

1]
i

1]
n

1]
i

1]
o

= [
=
= L

Error

Error

Error

Error

Error

Error

= [0.002768 Bus =
= [.002554 Bus =
=  [.00l050 Bus =
= [0.000867 Bus =
=  [0.000354 Bus =
=  [0.000217 Bus =
=  [0.000117 Bus =
=  0.000044 Bus =

D POWERS

EUS VOLTREEES LM

KHCOE FROM

HO. HAME
1 Horth
2 South
3 Laks
4 Main
5 Elm

V-MRG
PO
S0e00
L0475

.nz4z
.023e

0180

SR

LMGLE
DEGREE

a.00

-2._81
=5.00

-5.33
-6.15

T
iy

125.534
40000
0.000
0.000

0.000

EXCEEDING
EXCEEDING
RATORS EXCEE
ATORS EXCEEDING

Inz

HMIMIMM VOLIRGE LIMIT
MAXTMIM VOLTACE LIMIT |
MINIMUM Q@ LIMIT (<
MEHIMIM Q@ LIMIT (> mark)

mas

rk)

LINE LOSSES

LINE FLOWS &ND

SLHNO C5 FROM FROM
MODE MEZME

W D3 e
I

=1 dy o

——
L 1

KODE HARME

ool wp dy Gl -
[y N R TR Ve I T
o ay O

=1 10
fra
-

|

1o
|

I
VS D

o
[

[

3

% i
=
=
i
11
[=]
|
[
z

1 In
[,
=]
5
=]
[}

HEW SYSTEM FREQUERCY FOR ISLEND 1

00 Hzs

Summary of results
TCTAL BERLL POWER GENERATION

TCTAL REACT. PCWER CGENERATION :

TOTAL SHUNT REARCTOR INJECTICH :
TOTAL SHUNT RERCT

TOTAL SHUNT CRPARCIT.IMNJECTION :
IOTAL SHUNT CARPACIT.INJECTIOHN :

TOTAL iZE LCED

TOTAL

TOTAL COMPENSATICN AT

OR INJECTION :

PCWER LOAD

LORDS

ICTAL HVDC BEERCTIVE POWER

TOTAL BERL POWER LOSE
PERCENTAGE EERL LOEE
TOTAL REACTIVE BOWER LOEE

[BC+DC)
[BCHDC)

69_534 MW

[y =]

[ =

22.531 MVER

000 MW
000 MVER

000 MW
000 MVER

L0000 MW

40.000 MVLR

0.000 MVER
000 MVER
-585 MW

704
L4250 MUVRR

4_585+

0.0om)
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Zone wise distribution

Description Zone # 1
MK generation  165.5343
MVAR generation 22_.5314
MW load le5. 0000
HMVER load 40,0000

HMVAR compensation 10000

M loss 4_5B48

MVAR loss -17.4253

HVAR - inductive J.0a00

MVAR - capacitive 10000

Zome wise emport (+ve) impers(-ve)
Zone g 1 MW & MVLR

Date and Time : Fri Jan 12 1&6:52:28 2001

Exercise Problems:

1.

Using the available software package conduct load flow analysis for the given power
system using Gauss-Siedel / Newton-Raphson / Fast decoupled load flow method.
Determine

(@) Voltage at all buses

(b) Line flows

(c) Line losses and

(d) Slack bus power.

Also draw the necessary flow chart ( general flow chart)

2.

Using the available software package conduct load flow analysis for the given power
system using Gauss-Siedel / Newton-Raphson / Fast decoupled load flow method.
Determine

(@) Voltage at all buses

(b) Line flows

(c) Line losses and

(d) Slack bus powver.
Also draw the necessary flow chart ( general flow chart), Compare the results with
the results obtained when (i) a line is removed (ii) a load is removed.

Refer below question for Q.(1) & Q(2)

Consider the 3 bus system of figure each of the line has a series impedence of

(0.02 +j0.08) p.u. & a total shunt admittance of j 0.02 p.u. The specified quantities at
the buses are tabulated below on 100 MV A base.
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Bus | Real Load | Reactive Load Real Power | Reactive Power Voltage
No. | Demand Pp Demand Qp Generation P | Generation Qg Specification
1 2.0 1.0 Unspesified Unspesified V1=(1.04+]0)
(Slack Bus)
2 0.0 0.0 0.5 1.0 Unspesified
(PQ Bus)
3 0.5 0.6 0.0 Qae3="7? V3=1.04
(PV Bus)

Controllable reactive power source is available at bus 3 with the constraint
0<Qs3=<1.5p.u.
Find the load flow solution using N R method. Use a tolerance of 0.01 for power mismatch.

1) @)

3)

3. Figure shows the one line diagram of a simple three bus system with generation at bus 1,
the voltage at bus 1 is V1 = 1.0<0° pu. The scheduled loads on buses 2 and 3 are marked on
diagram. Line impedances are marked in pu on a 100MVA base. For the purpose of hand
calculations line resistances and line charging susceptances are neglected. Using Gauss-Seidel
method and initial estimates of V2 = 1.0<0° pu & V3 = 1.0<0° pu. Conduct load flow analysis.

Slack bus Bus 2
V1=1.0+j0.0 j0.03333 (400+j320) MW

j0.0125 j0.05

Bus 3
(300+270) MW
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Exp: 9.

FAULT STUDIES FOR A GIVEN POWER SYSTEM USING
SOFTWARE PACKAGE

Figure shows a single line diagram of a 6-bus system with two identical generating units, five
lines and two transformers. Per-unit transmission line series impedances and shunt
susceptances are given on 100 MVA base, generator's transient impedance and transformer
leakage reactances are given in the accompanying table.

If a 3-phase to ground fault occurs at bus 5, find the fault MVA. The data is given below.

Bus-code | Impedance | Line Charging
P-q Zpq Y’pq/2
34 0.00+j0.15 0
3-5 0.00+j0.10
3-6 0.00+j0.20
5-6 0.00+j0.15
4-6 0.00+j0.10

[elle] o]

Generator details:
G1= G>=100MVA, 11KV with X4 =10%

Transformer details:
T1=T>=11/110KV , 100MVA, leakage reactance = X = 5%

“*All impedances are on 100MVA base
Mi Power Data Interpretation:

SOLUTION:

In transmission line data, elements 3 —4 & 5 — 6 have common parameters. Elements 3-5 &
4 — 6 have common parameters. Therefore 3 libraries are required for transmission line.
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As generators G1 and G2 have same parameters, only one generator library is required. The
same applies for transformers also.

General procedure for using Mi-Power software
1. Double click on the MiPower icon present in the desktop.

2. Click ok and click on MiPower button, then select super user than click ok. Type your text

3. ADblue screen MiPower window will appear, then double click on the power
system editor to get MiGui window

Short Circuit Analysis

1. Select menu option Database = Configure. Configure Database dialog is
popped, Click Browse button.

2. Open dialog box is popped up, then browse the desired directory and specify
the name of the database (file name).

3. Create the Bus-bar structure as given in the single line diagram.

4. After creating the Buses draw the transmission line according to the single line
diagram given.

5. Place the generator and transformer; enter its ratings on the respective Bus
number mentioned in the single line diagram.

6. Similarly as generator place the load and its data.

7. Go to solve menu in that select Short Circuit analysis, select case (as no 1),
select study info..

8. Inshort circuit data select: 3 phase to ground fault, then in option select ,,select
buses™ in that select which bus fault has to be created

9. Click on execute button and then click on the report. Select standard finally
click on OK.

Procedure to enter the data for performing studies using Mi Power

Mi Power - Database Configuration

Open Power System Network Editor. Select menu option Database—Configure. Configure
Database dialog is popped up. Click Browse button.

1 MIGLI - A Power System Network Editor - [Guil] I = 3 |

ﬂfile Edit View Draw PowerSystem Set Change Object(s] Configwe Plot Database Solve

Window_Help =18l x|

N A E R E RN A

¥ Al 8 ||

0 I

O DEE

IE Database Name || | }..— Lﬁ }?

© 2|E|e

E oK I Cancel I Clear Path Browse I Pl e E E_ Enter here tO
0] N specify the
[l FrlEIE name

7| HEE

9] o)l

ol | o B

| Ready { Srap: Baseces 2= 10
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Open dialog box is popped up as shown below, where you are going to browse the desired
directory and specify the name of the database to be associated with the single line diagram.
Click Open button after entering the desired database name. Configure Database dialog will
appear with path chosen.

Dpen HE
ook | SCSStu'ji [ ﬂ Configure Database [X]
Select the folder and give database
name in File name window with .Mdb Database: Name |D:\5“‘d9\5'3‘*‘rndh
extension.
And now click on Open. e | Cancel | Clear Path
Flename:  [SCSmob §E Open | \
Files of type: IDatabase Filez *.mdb j Cancel | CI k
IC
™ Open as read-only OK

Click on OK button in the Configure database dialog, the following dialog appears.

Configuration Information E3 | Configuration Information [ X]
Electrical Information ] Breaker Ratings I General Information | Voltage Levels I
General Information I Voltage Levels Electrical Information I Breaker Ratings

I Base MVA 00

Base Frequency 50 Hz

E:\MiPower\scs.mdb
p.u status v

Network Title v Indicates that all the impedances are specified in PU on
First terc Kahin a comman MV4 base.

HEW D Etatiase INEme

Else the machine impedances are specified in PU on its
own rating and transmission line parameters are
specified in actuals, i.e B ohms/km, X ohms/km and

Power System Libraries WV B/2 mho/km.
Standard Relay Libraries [~
0K I Cancel Aenl) Help 0K I Cancel Apnl) Help

Uncheck the Power System Libraries and Standard Relay Libraries. For this example these
standard libraries are not needed, because all the data is given on p u for power system libraries
(like transformer, line\cable, generator), and relay libraries are required only for relay co-
ordination studies. If Libraries are selected, standard libraries will be loaded along with the
database. Click Electrical Information tab.
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Configuration Information Since the impedances are given on 100 MVA
Gieneral Information | Volage Levels 1| base, check the pu status. Enter the Base MVA
Elestialinnaien Freskerfatnas and Base frequency as shown below. Click

o [EE e w0 [ Brea}ker Ratings tab. .If the data [s furnished,
mm [ —wa  mew  [—wa || Modify the breaker ratings for required voltage
e [o5—wa s [ levels. Otherwise accept the default values. Click
wwo [m—wa  we  —wa || O button fo create the database to return to
10000 5000 | mva £.600 250 M, Network Editor.
BE.000 I I
- %::: Zluz I;EU—::: Bus Base Voltage Configuration
sy A st s | In the network editor, configure the base voltages
for the single line diagram. Select menu option
Configure Base voltage. Dialog shown below
[ ox | enes | s | wee || appears. If necessary change the Base-voltages,

color, Bus width and click OK.

U E voltage Lonliguratios
Base MVA ... Img 00 e ,.
Bus Base Voltage - Basic colors:

Bus Wdth Bus Wdth
[ |G 1320 w3 I
S e FEEC ..
e e = ‘ WP T EET
B 2200 Wit = SNED Wl = | Al -8 B 0B
=1"m T EAEEEEEEN
= 00w =T
o R e - o
1700 Ky 5 B ce0 Ky “43 LCustom colors:
= o
(330 g4 = | 04150 4 =
- ‘33 - KV 3 feAisi kv E Define Custom Colors >> I
[ [150 Wi = “j0.230 Wl = Cancel I
oK | Cancel l Default I

Procedure to Draw First Element - Bus

Click on Bus icon provided on power system tool bar. Draw a bus and a dialog appears
prompting to give the Bus ID and Bus Name. Click OK. Database manager with corresponding
Bus Data form will appear. Modify the Area number, Zone number and Contingency
Weightage data if it is other than the default values. If this data is not furnished, keep the
default values. Usually the minimum and maximum voltage ratings are + 5% of the rated
voltage. If these ratings are other than this, modify these fields. Otherwise keep the default
values.

Bus description field can be effectively used if the bus name is more than 8 characters. If bus
name is more than 8 characters, then a short name is given in the bus name field and the bus
description field can be used to abbreviate the bus name. For example let us say the bus name
is Northeast, then bus name can be given as NE and the bus description field can be North
East.
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ﬂ File Edit View Draw PowerSystem Set Change Object(s] Configue PLot Database
Solve Window Help =8| 51
E|ﬁ|@|@|@é|@|@|@1@|@1@|& EFAR R
(BT =) B[l
T e
1100 L s | BusID i F\i. =
B w0 P f E
™EET BusName... [Bust F|F e
; 1135;0 From Database L_ sj; %
: B |
- 1.0 [l [l
[ 1os0 £5l 3 4
o )]
= 660 ®EE
3.30 [ f‘T). W a
| 04150 d ——
o ———— - ',_*’ [lF|E
s [Snap: [BA A 1=

After entering data click save, which invokes Network Editor. Follow the same procedure for

POWER SYSTEM SIMULATION LAB-21EEL62 2023-2024

E:\MiPower\scs:[Bus Data] -10] x]
Bus Data r
Bus number i
Bus Name lEul—
Bus Description [Bus1—
Nominal Yoltage 11.000 | ky
Area Number Select Area Number
I [ H
Zone Number Select Zone Number
fi | ||
Contingency Weightage [1—
Minimum Voltage 10.450000 Ky
Maximum Voltage IW kY
Fetch Bus] Global Changel Load ] Details. ‘ -
ff o[

remaining buses. Following table gives the data for other buses.

Bus data
Bus Number 1 2 3 4 5 6
Bus Name Busl Bus2 Bus3 Bus4 Bus5 | Bus6
Nominal voltage 11 11 110 110 110 | 110
Area number 1 1 1 1 1 1
Zone number 1 1 1 1 1 1
Contingency Weightage 1 1 1 1 1 1

Procedure to Draw Transmission Line

Click on Transmission Line icon provided
on power system tool bar. To draw the line
click in between two buses and to connect to
the from bus, double click LMB (Left Mouse
Button) on the From Bus and join it to
another bus by double clicking the mouse
button on the To Bus .Element ID dialog

will appear.

Enter Element ID number and click OK. Database manager with corresponding Line\Cable

=1~ MiGUI - A Power System Network Editor - [Guil]

ﬂﬁlc Edit View Draw PowerSystem Set Change Object(s] Configwe PLot Database

Solve Window Help

=l8]x|

BN NEE RN

la

Ready

Bus4 [4]
ZZym4
ZZVA4

Bus3 3]
ZZyM3
ZZVA3

[Elenentio |
Element D

From Database

] ]‘

Cancel |

| &

i

B

5]

51| 2| 2 2 2 | 5 2

L+ 589,421 kms  [Snap:

;I—J
BA )

R EE R

EEEE R EEEEE

Data form will be open. Enter the details of that line as shown below.

Enter Structure Ref No. as 1 and click on Transmission Line Library >> button. Line &
Cable Library form will appear. Enter transmission line library data in the form as shown for

Line3-4.

After entering data, Save and Close. Line\Cable Data form will appear. Click Save, which
invokes network editor. Data for remaining elements given in the following table. Follow the

same procedure for rest of the elements.
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E:\Study\scs:[Transmission line [Library)]

D:\StudpAScs:[Transmission Line Data] M= 3|
N
Line\Cable Data Line & Cable Library
Structure Reference Number |1 Fetch Line I
Line Mumber |1 FetchLine »» Line Mame [Linel
TTUO0 EY Lin Stucture Referance Name |Lina3~4 %56
Defated My 109 From Breaker Rating [rio00 B L =
Murnber of Circuits |1 To Breaker Rating 110.00 My Positive Sequence Resistance 0 pu
From Bus Number [ 375, 5 ‘I Contingency Weightage |1 Paositive Sequence Reactance 015 pu
ToBus Number |4 B ~| || Stucture Ref. No |-| j _ Positive Sequence Susceptance (B/2) [0— pu
Line Length IW— km Transmission Line Library >3 Zero Sequence Resistance ru—— pu
Statu Zero Sequence Reactance 0 pu
’V @ InSevice  FromEndOpen ¢ ToEnd Open  Dut of Service Zero Sequence Susceptance (B/2) Iu—' =
| | o Thermal Rating 100 Mva  Compute '
Line Harmonic Number 0 Harmonic Library >>|
-
| | 87

Transmission Line Element Data

Line Number 1 2 3 4 5

Line Name Line3-4 | Line3-5 | Line3-6 | Line4-6 | Line5-6

De-Rated MVA 100 100 100 100 100

No. Of Circuits 1 1 1 1 1

From Bus No. 3 3 3 4 5

To Bus No. 4 5 6 6 6

Line Length 1 1 1 1 1

From Breaker Rating | 5000 5000 5000 5000 5000

To Breaker Rating 5000 5000 5000 5000 5000

Structure Ref No. 1 2 3 2 1
Transmission Line Library Data

Structure Ref. No. 1 2 3

Structure Ref. Name Line3-4 & 5-6 | Line3-5 & 4-6 | Line3-6

Positive Sequence Resistance 0 0 0

Positive Sequence Reactance 0.15 0.1 0.2

Positive Sequence Susceptance 0 0 0

Thermal Rating 100 100 100

Procedure to Draw Transformer

Click on Two Winding Transformer icon provided on power system tool bar. To draw the
transformer click in between two buses and to connect to the from bus, double click LMB (Left
Mouse Button) on the From Bus and join it to another bus by double clicking the mouse
button on the To Bus Element ID dialog will appear. Click OK.
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|- MiGLII - A Power System Network Editor - [Guil] 8 [=] B

FX Fle Edt View Draw PowerSystem Set Change Object(s) Configwe Plot Database
Solve Window Help 18] %]
e ERECEEEEC A G
[ e
Bus1 [1] i H =
Cr—— 2
N
P — |EEE

’ 3|

o |—|=
From Database .5, §_ 7}‘,
v Cancel fige | [ | 0
e
JE3 i
el
<o |y e
Z7LP3-4 Z7LP4-3 |1 e ]
| f al+ o
Ready ’T375T231 kms [Snap: |§A7 T Ll

I 21[p]als]>[e] ol alala]x]=

Transformer Element Data form will be open. Enter the Manufacturer Ref. Number as 30.
Enter transformer data in the form as shown below. Click on Transformer Library >>button.

Transformer library form will be open. Enter the data as shown below. Save and close library

screen.
E:\MiPower\scs:[2Wndg Transformer Data] [_ToIx]
- - =
Two Winding Transformer Data
Transformer Number |7 Name  [o11 Fetch Transtormer >>
Statu: [
@ InService ¢ OutofService Global Change I Transformer Library >>
|
[~ Secondary Yoltage-11.00 kv i
From Bus Number  [=77575) = M Ref Number |30 s
De-Rated MvA |g
To Bus Number I‘ [Busl] .I
. From Breaker Rating 5000.000000  MVA
Control Bus Numb ] l
S 0 ot - To Breaker Rating 350000000 MvA
No. of Units in Parallel 1 el op Poshor’] 25 tel ID—' ‘_“3
Contingency Weightage h Nominal Tap Position Ig
Phase Shift Angle |g dea
Pri Grounding Resistance |0 ohms Sec Grounding Resistance I0 ohms
Pri Grounding Reactance  [g ohms Sec Grounding Reactance |g ohms %
< i Bl

Transformer element data form will appear. Click Save button, which invokes network editor.

In the similar way enter other

transformer details.

Manufacturer |30

Ref. Number

[ Manufacturer {2730
FetchTransformev’ Mais l

MV Rating

100

Primary 7

Voltage Secondary

10.00
Voltage

Ky

11.00

kY

Minimum Tap |1 Yol

Number '?\%
Minimum Tap | |
Vokage 104500 kY Compute

TapStep
' Dff-Load Tap Change

¢ On-Load Tap Change

Number

Maximum Tap |g

B

Mazimum Tap | 115.500
Volage Ky Computel

Pos. Seq. Impedance
Pos. Seq. X to R Ratio
Zero Seq. Impedance
Zero Seq. X to R Ratio

pu on Common MY4 Base

‘Winding Configuration

— Y ¥ &
,—SQS Primary ... -~ - &
Secondary ... g o @

ID.OS pu
l 339

Phase displacement lU [0] ']

Magnetization Curve Data

| Thermal Curve |

[ £ \Studghsos ZWndg Transomer (Lol M=K,
Two Winding Transformer Library =

=
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2"d Transformer details
Transformer Number 2
Transformer Name 2712
From Bus Number 6
To Bus Number 2
Control Bus Number 2
Number of Units in Parallel 1
Manufacturer ref. Number 30
De Rated MVA 100
From Breaker Rating 5000
To Breaker Rating 350
Nominal Tap Position 5

Procedure to Draw Generator

Click on Generator icon provided on power system tool bar. Draw the generator by clicking
LMB (Left Mouse Button) on the Busl. Element ID dialog will appear. Click OK.

- MiGUI - A Power System Network Editor - [Guil]

ﬂﬁle Edit View Draw PowerSystem Set Change Object(s] Configure PLot Database

Solve Window Help =181
NI S R O A G E S

1% il

=] Q) FE e

= r—— =2

1| ==z

Bl = HED

5 3 Element D ol

fe] = NN From Database g f_\'}

‘;’F: P = Eae [

E o b 4 1]ES ¥

T e Sl

=1 ZZVA3 o (57 5

al = gefvle

~ S |
= [ [Snap: Bt

Generator Data form will be opened. Enter the Manufacturer Ref. Number as 20. Enter
Generator data in the form as shown below.

E:\MiPower\scs:[Generator Data] =] B3
-

Generator Data
Number [/ Name Fetch Generator l Schedule No IEI_ ‘

B”sN"'l‘ Busi] -I Manutacturer Ref. No  [20 | [ Library>> l
Units in Parallel [1 GT I Capability Curve Number IU Capability Curve >> I

Specified Voltage [11.000000 gy Compute Vo] Reactive Power - Mirimum 0 Mvar
De-Rated MVA  [100 Reactive Power - Maximum |60 Mvar
Scheduled Power [gp M Breaker Rating 350.000000  MyA

— Real Power Optimization Data ~Status

Cost Co-efficient C0 [0 o

CostCoefficientCl [a & In Service
el foper M &y ID MW Cost Co-efficient C2 "0—' ¢ Out of Service

Real Power - Minimum [0 Mw

Neutral Grounding Resistance |g ohms Patticipation Factor (%) IU—
Neutral Grounding Reactance [0 ohms  Bias Setting [o
T —

. SN L ' Drooo %1

ks

Click on Generator Library >> button. Enter generator library details as shown below.

Save and Close the library screen. Generator data screen will be reopened. Click Save
button, which invokes Network Editor. Connect another generator to Bus 2. Enter its details as
given in the following table.
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E:\MiPower\scs:[Generator [Library]]

Generator Library

=1 B3

|»

T

Ref. Number

Fetch Generator l

Manufacturer Name |Gen20

|
M4 Rating

l1 oo MW Rating

—

Ky Rating I11 Compute X('d,"'d.n

|0 pu
Direct Axis Reactance [Xd) IU pu

Quadrature Axis Reactance [Xq) |U pu
Negative Seq. Reactance [Xn] IU pu

ID pu

Armature Resistance (Ra)

Zero Seq. Reactance (o)

pu on Common My4 Base

n e
for— p
O
—
Quadrature Axis Sub-Transient Reactance [X"q) Iﬂ— D
s

Potier Reactance [Xp)
Direct &zis Transient Reactance (X'd)

Quadrature Axis Transient Reactance (X'g)

Direct Axis Sub-Transient Reactance [X''d]

24 Generator details

Name GEN-2
Bus Number 2
Manufacturer Ref. Number 20
Number of Generators in Parallel 1
Capability Curve Number 0
De-Rated MVA 100
Specified Voltage 11
Scheduled Power 20
Reactive Power Minimum 0
Reactive Power Maximum 60
Breaker Rating 350
Type of Modeling Infinite

Note: To neglect the transformer resistance, in the multiplication factor table give the X to R

Ratio as 9999.

TO solve short circuit studies choose menu option Solve —Short Circuit Analysis or click on
SCS button on the toolbar on the right side of the screen. Short circuit analysis screen appears.

2 Click here to open short circuit studies screen

Short Circuit Analysis

1 Click here to select case no

Caze i‘] > vI

% Execute &fter Input File Creation
Delete I
™ Only Input File Creation
™ Execute with old Input File Erscute ... I
— Results
Metwoark. ... | Report ... Wiew Bus. | Graph ... |

Close |
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Study Information.

3. Click here
1. Click here

Short Circuit Studies

2. Click here

In Short Circuit Output Options select the following.

Short Circuit Studies

Phase & Fault My Level
Fault Contribution from all Buzses are Computed

Click OK

Afterwards click Execute. Short circuit study will be executed. Click on Report to view the
report file.

Short Circuit Analysis

1 Click here
to execute

2 Click here
for report
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Part of the Report is shown below

FAULT AT BUS NUMBER 5 : NAME Bus5
CURRENT (AMPS/DEGREE) FAULT MVA
SEQUENCE (1,2,0) PHASE (A,B,C) SEQUENCE (1,2,0) PHEASE (A&,B,C)
MAGNITUDE ANGLE MAGNITUDE ANGLE MAGNITUDE MAGNITUDE
3870 -950.0 3870 -9 )0 737 737
0 =-90.0 3870 150.00 0 737
-90.00 3870 3 )0 737
R/X RATIO OF THE SHORT CIRCUIT PATH z 0.0000
PEAK ASYMMETRICAL SHORT-CIRCUIT CURRENT : 10947 AMPS
PASCC = k x sgrt(2) x If , k = 2.0000

Exercise: Simulate single line to ground fault, line to line fault for the above case.
Exercise problems:

1. Using the available software package determine (a) fault current (b) post fault voltages
at all buses (c) fault MVA , when a line to ground fault with / with out Zf =____occurring
at__bus for a given test system.( Assume pre fault voltages at all buses to be 1 pu)
compare the results with the symmetrical fault.

2. Using the available software package determine (a) fault current (b) post fault voltages
at all buses (c) fault MVA |, when a line to line & ground fault with / with out Zf =__
occurring at bus for a given test system.( Assume pre fault voltages at all buses to
be 1 pu) compare the results with the symmetrical fault.

Refer below question for Q.(1) & Q(2)

Reactance of all transformers and transmission lines =0.1pu
Zero sequence reactance of transmission line = 0.25pu
Negative sequence reactance of generator = Subtransient reactace
Zero sequence reactance of generator =0.1pu
|—O G,
G — (- X"=02
X"=0.3 '
Gs
X"=0.1

3. For the given circuit, find the fault currents, voltages for the following type of faults at
Bus3.

1. Single Line to Ground Fault

2. Line to Line Fault

3. Double line to Ground Fault

For the transmission line assume X 1=X 1, X 0=2.5 X,
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Bus 1 Bus 2 Bus 3
| 2 F | |
X'4=0.3 I X.=01 I X =04 I

4. For the given circuit, find the fault currents, voltages for the following type of faults at
Specified location.

1. Single Line to Ground Fault

2. Double line to Ground Fault

3. Line to Line Fault

Bus 1 Bus 2 Bus 3 Bus 4
Q I A Y I I Y A
S ©
I 100MVA I X1=X2=20Q I
100MVA Xo= 600 100MVA
13.8 kV 13.8kV/138KkV 13.8 kV
X“=0.15 X=0.1pu X“=02
Xp=0.17 X2=021
Xo= 0.05 Xo= 0.1
Xn = 005pu
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Exp: 10.

OPTIMAL GENERATOR SCHEDULING FOR THERMAL POWER
PLANTS USING SOFTWARE PACKAGE

How to solve Economic dispatch using B-coefficient method.

Problem:
Cost equation and loss co-efficient of different units in a plant are given. Determine economic
generation for a total load demand of 240 MW.

Unit No Cost of fuel input in RS/hr

1 C1=0.05P;% + 20 P4 + 800 0<=P; < =100
2 C2=0.06P> + 15 P> + 1000 0<= P, < =100
3 C2=0.07P:" + 18 P53 + 900 0<=Py<=100

Loss Co-efficient:

B=0.0005; B,=000005%;, B.;=0.0002;
B-o=0.0004; Bx=000018; B:=0.0005;
B2i=Biz ; Bx=Bx . Byz=Bay

1. To solve Economic Despatch by using MiPower Package, invoke "MiPower Tools" in
the MiPower main screen and select " Economic dispatch by B-Coefficient ™

General procedure for using Mi-Power software

Economic dispatch
1. Double click on the MiPower icon present in the desktop.
Click ok and click on MiPower button, then select super user than click ok.
Click on tools menu and select economic dispatch by B-coefficient.
Click on new button create a new file, and save it.
Enter the value of load demand, number of generators and B-Coefficient and save.
Enter initial lamda value as 5.
Click on save and then execute.

No ok~ wd

Note: B-coefficient Boo= Bo1= B1p= Bgo= B2p= B3o= B3=0
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MPower - Computer Alded Pownt System Analysls Package - MPowet

Click here to select Economic
dispatch by B-Coefficient

“ Aatocad Interface

Avtomatic SLDG

Froe Programmable Dlocks

Click here to Click here create
open an existing new file
fila

2. Select new to create new file.

B oefficient

File ilpend]  Mew |
Total demand IEI Mo Of Generators II:I

— Generator Detail:

Fhdir P4 ax F5 cheduled
Gen No | = B B [o

Cio C1 C2

In o Io

—E Coelficient Walies

R v vI Calumn I vI BV Eue ID Savel
Intizl Larmda alue II]

Save | E xecute Cloze
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3. Select location to save the file and give the file name.

Save As EHE3
Savejn:lahﬁﬂt j ﬁl

Click here to

eive file Click here

to save the
fila

File name: test
Save as type: IEEnefficientInput File [*.bei) j Cancel |

[~ Open as read-only

7

4. Enter the values of total demand as 240 MW and No of generators as 3. Select Generator
number as 1 in generator details and enter corresponding values of Pmin, Pmax, Pscheduled and
Corresponding Cg, C1, C2 values.

Select Enter total Enter Pmin value as
Generator 1 demand as 0 for Generator 1 Enter Pmax
240 MW value as 100

Enter No of for Generator 1

Generators

Enter PSch
Fie [} testitest by Oer b Hew value as 20
for Generator
Thtal demand | 240 Ma 01 Ganerator: |3 1

Geneator §etais

FHi Fhdax F5 chedule‘d/
1] |1IZII2| |EIII

Co i c2

|s? |zn/‘ oo T

Gen Ho |1

B Coeflicient alue

Enter CO Enter C1 Value Enter C2
Value as as 20 Value as 0.05
|00
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Similarly enter the values of Prin, Pmax and Pes, and Cg, Ciand Cs values for other two generators
as

G t

Namber | Prin - P Co Cs c2
2 0 100 80 1000 15 0.06
3 0 100 80 800 18 0.07

5. Enter initial value of Lamda as 5 .Enter the values of B11 as 0.0005 and save the value.

BCoefficsent |
Fiel et best be I]F'E" hew

Tatal demznd |240 Mo OF Generators |3
Enter
Genzialor Delals _ 0.0005 as
Fedin P o PFSehadulzd Bl'. Value
Genbal? =] o [100 E
Ca L1 C2
[30 IE |07 / Click here to
/*’ / save

~ B Coefficiect Vaus:
Row (1 g =| Cohmn |1 o =] BVde 00006 [55E

riialLamda Value 3

x
e | \HB:LI |
'\\ Y
\ Enter Initial
Select 1 Select 1

value of
for By for By Lamda as 3

Dc@el

Similarly enter the values of Bz to Baq as

Variable | Value
Bz 0.00005
Bia 0.0002
Bz 0.00005
Bi; 0.0004
B 0.00018
B, 0.0002
B 0.00018
Baa 0.0005

And save the values.
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6.Click on save button to save all values. Mow click on execute to run economic dispatch study.

BCoefficient I

File Il::'t.teet'l.leet.bci Dpenl Mew |
Tatal dzrmand |24EI Mo OF Genelator: |3

— Eenerator D etailz

Fdin Phdax Pacheduled
GealMo |2 x| [0 [100 [on

Ca 1 C2

J200 E Jo.o7

—B Coeficient ¥alues

H o |3 vI Colurin |3 vI Bvaluz IEI.EIIIIE
[mtial Lamdaty gue |5

Save Execute I Close I
ey 'r

/ / \
Click here Click

Click here to to Execute here to
and view close
output file

zave all values

7. A part of the output file is as shown.

ECOMAMIC DESPATCH USIMG B-COEFFICEMT MATRIX AND PEMNALTY
FACTOR

Yalues of B-Coeff Matrix are

0.0005000 0.0000500 0.0002000
0.0000500 0.0004000 0.0001800
0.0002000 0.0001800 0.0005000

Scheduled Generations are

Genp 90.000000 MW
Genp 90.000000 MW
Genp 90.000000 MW

total_loss 16306000 MW

Initial Cost of generation at bus 1 = 3005000006 Rs for 90000000 MW
Initial Cost of generation at bus 2 = 2835 999989 Rs for 90000000 MW
Initial Cost of generation at bus 3 = 3087.000002 Rs for 90000000 MW
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lter count 39 Lambda 32.2339589 Total gen 255.925873  Total loss
15978104
Total load 240.000000 Delta power -0.052231

Initial Total generation cost 8928.000000 Rs

Final Cost of generation at Generator 1 = 2807.234673 Rs for 83.098331 MW
Final Cost of generation at Generator 2 = 3099.9994987 Hs for 100.000000 MW
Final Cost of generation at Generator 3 = 2582 163687 Rs for 72827484 MW

Final Total generation cost is Rs  848% 398438

Cost Coefficient CO

This field specifies the constant cost coefficient CO in rupees for the generator. This cost is
independent of generation.

Generation Cost = Co + C1T MW + C2 (MW){MW) Rs / hour

Co = Fixed cost (Capital Cost) in Rs/hour, which includes plant installation cost, fuel cost in
cantrollable generator units, generating costs in base loaded units

C1=Costin Rs /MW / hour

C2 = Costin Rs /(MW (MW) { hour

Exercise Problems:

1. Data given:
Total No. of Generators 2
Total Demand : 100MW

GENERATOR RATINGS:
GENERATOR 1: Pscheduled =70 MW ; Pmin=0.0MW; Pmax= 100MW

Co=50; C1=16; C,=0.015

Cg:=50+ 16 P1 + 0.015PZ Rs/ hr
GENERATOR 2: Pscheduled =70 MW; Pmin=0.0MW; Pmax= 100MW

Co=30; C1=12; C,=0.025

Cq=30+ 12 P1 +0.025 P2 Rs/ hr

Loss ( or B) Co- efficients :
B11 =0.005; Bi2 =B =0.0012; B22 = 0.002

2. Given the cost equation and loss Co-efficient of different units in a plant determine
economic generation using the available software package for a total load demand of
MW ( typically 150 MW for 2 units and 250 MW for 3 Units) neglecting
transmission losses.

3. Given the cost equation and loss Co-efficient of different units in a plant determine
penalty factor, economic generation and total transmission loss using the available
software package for a total load demand of MW ( typically 150 MW for 2
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units and 250 MW for 3 Units) .

Refer below questions for Q(2) & Q(3)
A)

Unit No. Cost of Fuel input in Rs./ hr.
1 Ci1=8U0U T ZUF1I T U.UO F'l OSP].S 100
2 C2=1UUU T 10 F2 T U.UD I"2 OSPZS 100
3 Cs=900 + 18 P3 + 0.07 P3* 0<P3<100

Loss ( or B) Co- efficients :

B11 =0.0005 Bi2=0.00005 Bi3=0.0002
B22 =0.0004 B3 =0.00018 B3z =0.0005

B21 = B2 Bs2 = Bas Bi3 =Ba
B)
Unit No. Cost of Fuel input in Rs./ hr.
1 Ci1=50 T 10 F1 TUUIO I‘l 1>~ 1UU

2 C.=30+ 12 P, + 0.025 P>*

0<P,<100

Loss ( or B) Co- efficients :
B11 =0.005 Bi2 =B =-0.0012 B2 =0.002
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PROGRAM:

clc
clear all
% enter Y-bus of the system
Y=[3-121 -2+8i -1+41 0
-2+81 3.66-14.6641 -0.666+2.6641 —-1+41i
-1+4i -0.666+2.6641 3.66-14.6641 -2+81i
0 -1+41 -2+81 3-121];
%enter no. of buses, slack bus no, no.of pg buses, no of pv buses
nbus=4;
sbno=1;
npg=2;
npv=1;
% assume bus no 1 as slack bus, next npg buses as pgq buses and the
remaining as pv buses
%enter slack bus voltage
v(1)=1.06+01i;
%assume voltages at all other buses as 1+j0
v(2)=1l;v(3)=1;v(4)=1;
senter p & g at all pg buses
P(2)=-0.5;P(3)=-0.4;0(2)=-0.2;0(3)=-0.3;
%enter p ,vsp and g limits at pv buses
P(4)=0.3;
vsp(4)=1.04;0min (4)=0.1;0max (4)=1.0;
%senter accuracy of convergence
acc=0.001;
for it=1:5
%to find voltages at pg buses
for p=2:npg+l,

vl (p)=v(p);
pa= (P (p) -Q(p) *1) /conj (v (p));
ypa=0;

for g=l:nbus
if (p==q) continue;

end
yPa=ypg+Y¥Y (p,q) *v (q) ;
end
v (p)=(pg-ypq) /Y (p,pP) ;

end
%to find voltages at pv buses
for p=npg+2:nbus,

vl (p)=v(p);
s=0;
for g=1l:nbus,
if (p~=q)
s=s+Y (p,q) *v(q) ;
else
vp=v(q) ;
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Additional Experiments

1. GAUSS-SEIDEL METHOD

AIM: To perform load flow analysis using Gauss- Seidel method (only pq bus)

PROCEDURE:

+ Enter the command window of the MATLAB.

4+ Create a new M — file by selecting File - New — M — File
4+ Type and save the program in the editor window.

4+ Execute the program by pressing Tools — Run.

+ View the results.
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ang=angle (v (q));
v (q) =complex (vsp (q) *cos (ang) ,vsp (g) *sin(ang) ) ;
s=s+Y (p,q) *v (q) ;
end
end
Qc (p)=-1*imag(conj (v (p)) *s);
if (Qc (p)>=0min (p) & Qc (p) <=Qmax (p) )
pa= (P (p) -Qc (p) *1) /conj (v(p));
ypa=0;
for g=1:nbus
if (p==qg) continue;
end
ypa=ypa+Y (p, q) *v(q) ;
end
v (p)=(pg-ypq) /Y (p,P) i
ang=angle (v (p));
v (p) =complex (vsp (p) *cos (ang) ,vsp (p) *sin (ang)) ;

else

1f(Qc (p) <Qmin (p))
Q(p)=0min(p) ;

else
Q (p) =0Omax (p) ;

end

pg=(P(p) -Q(p) *1) /conj (vp) ;

ypa=0;

for g=1:nbus
if (p==qgq) continue;
end
yPa=ypa+Y (p, q) *v(q) ;

end

v (p)=(pa-ypq) /Y (p,p) ;

end
end

%to find the votages at all buses and Q at pv busses
fprintf ('\nThe votages at all buses and Q at pv busses after
iteration no %d',it);
for p=l:npg+l
fprintf ('\nV(%d)=%.4f
at%.2fdeg',p,abs (v(p)),angle(v(p))*180/pi);
end
for p=npgt+2:nbus
fprintf ('\nV(%d)=%.4f at%.2fdeg
Q(%d)=%+.3f\n',p,abs (v(p)),angle(v(p))*180/pi,p,Qc(p));
end
%to check for convergence
for p=2:nbus
diff (p)=abs(v(p)-vl(p));
end
err=max (diff) ;
if (err<=acc)
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break;
end
end

EXPECTED RESULT:

The votages at all buses and Q at pv busses after iteration no 1
V(1)=1.0600 at0.00deg

V(2)=1.0124 at-1.61deg

V(3)=0.9933 at-1.48deg

V(4)=1.0400 at-0.66deg Q(4)=+0.425

The votages at all buses and Q at pv busses after iteration no 2
V(1)=1.0600 at0.00deg

V(2)=1.0217 at-1.99deg

V(3)=1.0162 at-1.86deg

V(4)=1.0400 at-0.85deg Q(4)=+0.208

The votages at all buses and Q at pv busses after iteration no 3
V(1)=1.0600 at0.00deg

V(2)=1.0259 at-2.09deg

V/(3)=1.0175 at-1.94deg

V(4)=1.0400 at-0.91deg Q(4)=+0.185

The votages at all buses and Q at pv busses after iteration no 4
V(1)=1.0600 at0.00deg

V(2)=1.0261 at-2.11deg

V/(3)=1.0175 at-1.98deg

V/(4)=1.0400 at-0.95deg Q(4)=+0.185
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Circuit diagram:

Discrete,
£ = 52-005

powergui

g
— ]
Scope
A Vabc
A Iabc
b B
(35 c cls
Three-Phase Source Three-Phase J
V-1 Measurement L
<< [8)

3]
Three-Phase
Parallel RLC Load

Fig: Simulink model for voltage and current measurement

Procedure:
1. Open Matlab-->Simulink--> File ---> New---> Model

2. Open Simulink Library and browse the components
3. Connect the components as per circuit diagram

4. Set the desired voltage and required frequency

5. Simulate the circuit using MATLAB

6. Plot the waveforms.

Graph:
ope
S5 OO0 AREBE O
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2. INUSOIDAL 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 | 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 leff.

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.

RMS Voltage Equivalent
Ve A A
AC Voltage DC Voltage
v A J 240V T
(240V) / < \
5 ; i 180° 360':’_ _
time time
Half Cycle
'VH'V‘E
Vioezk S
: One Full Cycle

A
\j
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3. Load flow analysis for a 3bus system using Newton Raphson
Method/Gauss seidel method

Aim: Load flow analysis using Newton Raphson Method/Gauss seidel method.
Apparatus Required: P.C loaded with Mipower package.

Theory: Load flow solution is a solution of a network under steady state condition subjected
to certain inequality constraints under which the system operates. These constraints can be in
the form load nodal voltages, reactive power generation of the generators, the tap setting of
the tap changing transformer under load conditions.

The load flow solution gives the nodal voltages and phase angles and hence the power
injection at all the buses and power flows through interconnecting power channels (through
transmission line). Load flow solution is essential for designing a new power system and for
planning extension of the existing one for increased load demand. These analysis require the
calculations numerous load flows under both normal and abnormal operating conditions. Load
flow solution also gives the initial conditions of the systems in the transient behavior of the
system is to be obtained.

Load flow solution for power network can be worked out both ways accordingly as it is
operating under balanced and unbalanced conditions.

The following treatment will be for a system operating under balanced conditions. For such a
system single phase representation is adequate. A load flow solution of the power system requires
mainly the following steps.

1) formulation or network equation

2) Suitable mathematical technique for solution of the equation.

3) The load and hence the generation are continuously varying in a real power system. We will
assume here that loads and hence generations are fixed at a particular value over a suitable period
of time. Example ( % hr)

The following treatment will be for a system operating under balanced conditions. For such a
system single phase representation is adequate. A load flow solution of the power system requires
mainly the following steps.

1) formulation or network equation

2) Suitable mathematical technique for solution of the equation.

3) The load and hence the generation are continuously varying in a real power system. We will
assume here that loads and hence generations are fixed at a particular value over a suitable period
of time. Example (%2 hr)

Bus classification

In a power system each bus or a node is associated with four quantities

a) real power

b) reactive power

¢) bus voltage magnitude

d) phase angle of the voltage

In a load flow solution two out of four quantities are specified and remaining two are required to
be obtained. Depending upon which quantities are specified buses are classified as

1) generator bus

2) slack bus

3) load bus

Generator bus (voltage controlled bus)
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Any bus of the system at which voltage magnitude is kept constant is called voltage controlled
bus. At each bus to which there is a generator connected, the megawatt generation can be
controlled by adjusting the prime mover and the voltage magnitude can be controlled by adjusting
the generator excitation. Therefore at each generator bus

we may properly specify Pgi and | Vi | . Thus at the bus I angle delta and Qgi are the unknown

quantities. Therefore it is also called as PV Bus.

Load bus (PQ bus)
At each non generator bus called bus both Pgi and Qgi are zero and real power Pdi and reactive
power Qdi are drawn from the system by the load. The two unknown quantities are voltage
magnitude and voltage angle (V and 9)
Slack bus
The losses remain unknown until the load flow solution is complete. It is for this reason generally
one of the generator buses is made to take the additional real and reactive power to supply
transmission losses that is why this bus is known as slack bus or swing bus. At this bus the voltage
magnitude V and phase angle o are specified where as Pgi and Qgi are unknown. The voltage
angle of the slack bus serves as a reference for the angles of all other bus voltages.
Techniques of solving load flow problems
The development of any method for the load flow studies on the digital computer requires the
following main consideration
1) mathematical formulation of the load flow problem

2) application of numerical technique to solve these problems

The mathematical formulation of load flow problem is a system of non linear algebraic equations
The non-linear algebraic equations can be solved by the solution techniques such as iterative
methods
1) Gauss method
2) Gauss- Seidel method
3) Newton Raphson method

Gauss Seidel method
In this method the value of bus voltages calculated for any bus immediately replace the previous
values in the next step while in case of gauss method the calculated bus voltage replace the earlier
value only at the end of iteration. Due to this Gauss Siedel method converges faster than that of
Gauss method. This method solves the power flow equation in rectangular co-ordinates until the
differences in the bus voltages from one iteration another are sufficiently small.
Newton Raphson method
It*s a powerful method of solving non-linear algebraic equation. It works faster and is sure to
converge in most of the cases as compared to the GS method. It is indeed a practical method of
load flow solution of large power networks. Its only drawback is the large requirement of
computer memory. Convergence can be considerably speeded up by performing the first iteration
through the GS method and using the values so obtained for starting the NR iterations.
This method solves the polar form of the power flow equations until 5p and 6q mismatches, at all
buses fall within the tolerance.
Fast Decoupled NR method
When solving large scale power transmission systems strategy for improving computational
efficiency and reducing computer storage requirements is the decoupled load flow method.
Incorporation of approximations of the decoupled method into the jacobian matrix makes the
elements of the sub matrices J12 and J21 zero.
Therefore the modified jacobian now consists of the sub matrices J11 and J22.However J11 and
J22 are still interdependent. The complications in solving J11 and J12 can be overcome by
introducing further simplifications which are justified by the physics of transmission line power
flow. Such a method is called as fast de coupled method.
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Problem 1:

Each line has a senies impedance of 0.02+0.08 pu. Total shunt admittance of j0.02 pu. The specified
quantities of the line buses are tabulated below on 100MVA base.

BUS | Real load | Reactive Load | Real Power Gen | Reactive Power Gen | Voltage specification
demand | demand Pg Qg

| 2pu 1 pu Unspecified Unspecified 1.04 L0 slack bus

2 Opu 0 0.3 1 Unspecified

3 15pu 0.6 pu 0 Qe3=7 (0-1.5pu) 1.04(pv)

Ouipu:

Base case:

BUSDATA

BUSNO | STATUS [ ZONE | BUSEV | VMIN-PU | VMAX-FU | NAME
1 1 1 110.000 0.950 1.050 BUS1
2 1 1 110.000 0.950 1.050 BUS2
3 1 1 110.000 0.950 1.050 BUS3

TRANSMISSION LINE DATA

STA [ CKET | FROMNODE | NAME | TONODE | NAME | R(PU) [ XPU) | B2APU) | MVA | EMS
3 1 1 BUS1 2 BUS2 | 0.02000 | 0.08000 | 0.01000 | 100 L0
3 1 1 BUS 1 3 BUS3 | 0.02000 | 0.08000 | 0.01000 | 100 10
3 1 2 BUS2 3 BUS3 | 0.02000 | 0.08000 | 0.01000 | 100 L0

TOTAL LINE CHARGING SUSCEPTANCE : 0.06000
TOTAL LINE CHARGING MVAR AT | FUVOLTAGE: 6.000

TOTAL CAPACITIVE SUSCEFTANCE : 0.00000PU- 0.000 MVAR

TOTAL INDUCTIVE SUSCEPTANCE : 000000 FU - 0000 MVAR
GENERATOR DATA
SN0 FROM FROM REAL QMIN | QMAX | V-5PE CAF MVA STAT
- NODE | NAME | POWERMW) [ MVAR | MVAR PU CUEV | RATING
1 1 BUS1 800.0000 0.0000 | 600.0000 [ 1.0400 0 1000.00 3
2 2 BUS2 5000000 100.0000 | 86.6030 | 1.0400 0 100.00 3
3 3 BUS3 0.0000 0.0000 | 150.0000 [ 1.0400 0 100.00 3
LOAD DATA

SLNO FROM FROM FEAL EREACTIVE COMP COMPENSATING MVAR VALUE CHAR F/V
* WNODE NAME* MW MVAR MVAR MIN MAX STEP MO HNO

STAT
1 1 BUSI 200.000 100.000 0000 0000 0.000 0000 O O

io0
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PROGRAM:

$FORMATION OF Ybus USING SINGULAR TRANSFORMATION METHOD

$WITHOUT MUTUAL COUPLING:
5 P49

z=[5

Lol 6

2

4
1
1
2
3
2
3

OO O O o oo

fb=z(:,1);
tb=z(:,2);

Z=z(:,3);

.02+40.
.08+40.
.06+40.
.06+0.
.04+40.
.01+0.
.08+0.

hlcy=z(:,4);
y=1./%Z;
nbus=max (max (fb) ,max (tb)) ;
Y=zeros (nbus) ;
nline=length (£fb) ;
nlb=nline+nbus;
A=zeros (nlb,nbus) ;
for k=1l:nbus

A(k,k)=1;

end

for k=l:nline
A (nbus+k,fb (k) )=1;

A (nbus+k,tb (k) )=-1;

end

sh=zeros (nbus) ;
for k=l:nline

sh (fb (k) )=sh (fb (k) ) +hlcy (k) ;
sh(tb (k) )=sh(tb (k) )+hlcy (k) ;

end

06i
24i
18i
181
12i
03i
24i

ypr=zeros (nlb,nlb) ;
for k=l:nbus
ypr (k,k)=sh (k) ;

end

for k=1l:nline
ypr (nbus+k ,nbus+k) =y (k) ;

end

format short;
Ybus=A'*ypr*A
V(1) =1.024532-0.08729i;

V(2)=1.02394-0.931i;
V(3)=1.01825-0.1074i;

V(4)=1.0476-0.049i;
V(5)=1.06+0i;

I=Ybus*V'

OO O o o o

hlcY (ADM)
0.
.0251
.02i
.021
.015i
.01i
.0251i];

03i
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Exp: 4.

FORMATION OF Y- BUS USING SINGULAR TRANSFORMATION
METHOD WITH AND WITHOUT MUTUAL COUPLING,

AIM: Y bus formation for systems, without mutual coupling, by singular
transformation.
THEORY:

FORMATION OF Y BUS MATRIX

Bus admittance is often used in power system studies. In most of the power system studies it
is required to form y- bus matrix of the system by considering certain power system
parameters depending upon the type of analysis.

Y-bus may be formed by inspection method only if there is no mutual coupling between the
lines. Every transmission line should be represented by - equivalent. Shunt impedances are
added to diagonal element corresponding to the buses at which these are connected. The off
diagonal elements are unaffected. The equivalent circuit of Tap changing transformers is
included while forming Y-bus matrix.
Generalized Y-bus = Yii...ccccoevnene Yid
Ydi.............. Ydd

where, Yii = Self admittance
Ydi = Transfer admittance

PROCEDURE:

+ Enter the command window of the MATLAB.

+ Create a new M — file by selecting File - New — M — File
+ Type and save the program in the editor window.

+ Execute the program by pressing Tools — Run.

* View the results.
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CoNO R~ WNE

Viva Questions

What is Single line diagram?

What are the components of Power system?

What is a bus?

What is bus admittance matrix?

What is bus impedance matrix?

What is load flow study?

What are the information that obtained from a load flow study?

What is the need for load flow study?

What are quantities that are associated with each bus in a system?

What are the different types of buses in a power system?

Define Voltage controlled bus.

What is PQ-bus?

What is Swing (or Slack) bus?

What is the need for Slack bus?

What are the iterative methods mainly used for the solution of load flow problems?

Why do we go for iterative methods to solve load flow problems?

What do you mean by flat voltage start?

When the generator bus is treated as load bus?

What will be the reactive power and bus voltage when the generator bus is treated as
load bus?

What are the advantages and disadvantages of Gauss-Seidel method?
How approximation is performed in Newton-Raphson method?

What is Jacobian matrix?

What are the advantages and disadvantages of Newton-Raphson method?
What is the need for voltage control in a Power system?

What is the reason for changes in bus voltage?

What is infinite bus?

How the reactive power of a generator is controlled?

What is the draw back in series connected capacitor?

What is synchronous capacitor?

What is tap changing transformer? How Voltage control is achieved in it?
What is regulating transformer?

What is Booster transformer?

What is off-nominal transformer ratio?

What is meant by a fault?

Why fault occurs in a power system?

How the faults are classified?

List the various types of Shunt and Series faults.

List the Symmetrical and unsymmetrical faults.

Name any two methods of reducing short-circuit current.

Name the main difference in representation of power system for load flow and short
circuit studies.

Write the relative frequency of occurrence of various types of faults.
What is meant by fault calculation?

What is the need for short circuit studies or fault analysis?

What is the reason for transients during short circuits?

What is meant by doubling effect?

Define DC off-set current.

What is synchronous reactance?
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48.
49,
50.
51.
52.
53.
54,

55.

56.
S7.
58.
59.
60.

61.
62.
63.
64.
65.
66.
67.
68.
69.
70.
71.
72.

73.

74.
75.
76.
77.
78.
79.

80.
81.
82.
83.

84.
85.

Define sub transient reactance?

Define transient reactance?

What is the significance of sub transient reactance in short circuit studies?

What is the significance of transient reactance in short circuit studies?

Why the armature current decreases when the flux diminishes?

Give one application of sub transient reactance.

Name the fault in which positive, negative and zero sequence component currents are
equal.

Name the fault in which positive and negative sequence component currents are
together is equal and zero sequence current in magnitude

Define negative sequence impedance.

Name the faults which do not have zero sequence current flowing.

Name the faults involving ground.

Define positive sequence impedance

In what type of fault the positive sequence component of current is equal in magnitude
but opposite in phase to negative sequence components of current?

In which fault negative and zero sequence currents are absent?

Define stability.

Define steady state stability.

Define transient stability.

What is steady state stability limit?

What is transient stability limit?

How stability studies are classified? What are they?

Define synchronizing coefficient.

Define swing curve.

What is the use of swing curve?

Define power angle.

For the swing equation M d26/dt2 = Pa, What will be the value of Pa during steady
state operation?

Name the two ways by which transient stability study can be made in a system where
one machine is swinging with respect to an infinite bus.

Define critical clearing time and critical clearing angle.

List the methods of improving the transient stability limit of a power system.

State equal area criterion.

Define efficiency of lines.

Define regulation of lines.

In Which method, for a long transmission line, for a particular receiving end voltage,
when sending end voltage is calculated, it is more than the actual value.

What will be the power factor of the load if, in a short transmission line, resistance and
inductive reactance are found to be equal and regulation appears to be zero.

In which of the models of Transmission lines, is the full charging current assumed to
flow over half the length of the line only?

What is infinite line?

What is Short Transmission line?

What is Medium Transmission line?

What is Long Transmission line?
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MODEL QUESTIONS

1. Formation of Jacobian for a system not exceeding 4 buses * (no PV buses) in polar. A
Three-Bus system is given below. The system parameters are given in the Table A and
the load and generation data in Table B . Line impedances are marked in per unit on a
100MVA Base, and line charging susceptances are neglected. Taking bus 1 as Slack
bus. Obtain the load

Slack [1] PQ[2]
PQ [3]
Generation Load
Bus No Bus Voltage
MW Mvar MW Mvar
1 1.05+j0.0 -- -- 0 0

- 0 0 50 20
== 0 0 60 25

Bus Code (i-k) | Impedance (p.u) Zi Ad&riw?t?a%hc%r?ghu% v

1-2 0.08+j0.24 0

1-3 0.02+j0.06 0

2-3 0.06+j0.18 0
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2. Figure below shows a single line diagram of a 5bus system with 2 generating units, 7

lines. Per unit transmission line series impedances and shunt susceptances are given on

100MVA Base, real power generation, real & reactive power loads in MW and MVAR

are given in the accompanying table with busl as slack, obtain a load flow solution

with Y-bus using Gauss-Siedel method and Newton Rapson method. Take acceleration

factors as 1.4 and tolerances of 0.0001 and 0.0001 per unit for the real and imaginary

components of voltage and 0.01 per unit tolerance for the change in the real and

reactive bus powers.

1) 3) 4) Table: 1.1
Bus code Impedance Line
From-To R+jX Charging
B/2
1-2 0.02+j0.06 j 0.030
1-3 0.08+j0.24 j 0.025
2.3 0.06+j0.18 j 0.020
2.4 0.06+j0.18 j 0.020
2.5 0.04+j0.12 j 0.015
(2) ®) _ _
34 0.01+j0.03 j 0.010
4-5 0.08+j0.24 j 0.025
Table: 1.2
Bus Bus Generation Generation | Load LoadMV
No Voltage MW MVAR MW AR
1 1.00+j0.0 0 0 0 0
2 1.00+j0.0 40 30 20 10
3 1.00+j0.0 45 15
4 1.00+j0.0 0 0 40 5
5 1.00+j0.0 0 0 60 10
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3. Determine the power angle curve and obtain the Graph for the given detail
e Terminal Voltage =1 p.u
e Terminal Angle = 17.455 degree
e Infinite bus voltage =1 p.u
e Xe=0.2pu
e X1=03

4. Cost equation & loss co-efficients of different units in a plant are given. Determine

economic Generation for a total load demand of 240MW.

C1=0.05 P #+20P #+800 0<=P1<=100
C.=0.06P2+15P,+1000 0<=P2<=100
Cs= 0.07P *+18Ps+900 0<=P3<=100

Loss co-efficients:
B1:=0.0005; B1,=0.00005; B13=0.0002;

B2>=0.0004; B23=0.00018; B33=0.0005;
B21=B12; B23=Bay; B13=Ba:

5. Cost equation & loss co-efficients of different units in a plant are given. Determine

economic Generation for a total load demand of 440MW

C; = 0.04 P,2+20P1+800 0<=P;<=100
C.=0.02P2+15P,+1000 0<=P»<=100
Cs=0.07P_+18P3+900 0<=P3<=100

Loss co-efficients:
81120.0005; 81220.00005; 81320.0002;

B2>=0.0004; B.3=0.00018; B33=0.0005;
B21=B12; B23=B3»; B13=B31

6. Write a program to find ABCD parameters for short line. Calculate Vré& Ir for the given
Vs and Is or Calculate Vs& Is for the given Vr and Ir.
Z=0.2+0.408i; Y=0+3.14e-6i.Vs=132 |s=174.96- 131.22i

7. Write a program to find ABCD parameters for long line network Calculate Vr & Ir for
the given Vs and Is or Calculate Vs& Is for the given Vr and Ir.
Z=0.2+0.408i; Y=0+3.14e-6i. Vs=132 1s=174.96-131.22i
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8. Write a program to find ABCD parameters for medium line PI network Calculate Vr &
Ir for the given Vs and Is or Calculate Vs& Is for the given Vr and Ir.
Z=2+0.408i; Y=0+3.14e-6i. Vs=132 Is=174.96- 131.22i

9. Write a program to find ABCD parameters for medium line T network Calculate Vr &
Ir for the given Vs and Is or Calculate Vs& Is for the given Vr and Ir.
Z=2+0.408i; Y=0+3.14e-6i. Vs=132 1s=174.96- 131.22i

10. Write a program to form Y-bus using singular transformation method

11. Write a program to form Y-bus using singular transformation method

z=j0.04
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12. Figure shown below represents the single line diagram of 6-bus system with two
identical Generating units, five lines and two transformers per unit transmission line
series impedances and shunt susceptances are given on 100MVA base, generator™s
transient impedance and Transformer leakage reactances are given in accompanying
table.

1
3 4
T _—

5 = -

If a 3-phase to ground fault occurs at bus5, find the fault MVA. ta is given below.

Bus-code | Impedance | Line Charging
p-q Zpq Y*pq/2
34 0.00+j0.15 0
3-5 0.00+j0.10 0
3-6 0.00+j0.20 0
5-6 0.00+j0.15 0
4-6 0.00+j0.10 0

Generator details:
G1=G2=100MVA, 11KV with X*“d=10%

Transformer details:
T1=T2=11/110KV , 100MVA, leakage reactance= X = 5%

All impedances are on 100MVA base
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13. Write a program to form Y-bus using singular transformation method

c————

Obtain Yy, by singular transformation method for the system having following data. Take
bus 4 as ref bus

Element No, 1 2]3;:41(S5
Buscode(p-q) |1-2|2-3|3-4(1-4]2-4
Admittance (pu) | 2 | 15| 3 |25 4

14. Write a program to form Y-bus using singular transformation method with mutual
coupling.

pq Zmnomutual

Z=[01 06i 0O O
02 05 1 01di
23 051 0 O
01 04i 1 O02i
13 021 0 O

15. Write a program to form Y-bus using Inspection method

c———

Obtain Y. by singular transformation method for the system having following data. Take
bus 4 as ref bus

Element No. 1 2131418
Buscode(pq) |1-2(2-3|3-41-4]2-4
Admittance (pu) | 2 | 1.5] 3 |25] 4
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16. Write a program to form Y-bus using Inspection method

17. Write a program to obtain swing curve when the fault is cleared
Ps=0.9,e=1,v=1,m=0.00028,xe=0.35,x1=0.2

18. Write a program to obtain swing curve for the sustained fault
Ps=0.9,e=1,v=1,m=0.00028,xe=0.35,x1=0.3

19. Write a program for Determination of bus currents, bus power &line flows for a

specified system voltage (bus) profile.

INPUT Data:

Input=[3 3
1 2 002 004 O
1 3 0.01 003 0
2 3 00125 0.025 0
1 1.05 0
2 0.98183 -3.5

3 1.00125 -2.8624]
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20. Write program for the formation of Zbus using Zbus building algorithm

O ® D,

X Jor &4 Jog Y
e\ - A— ©

) ‘
Jo») @

&

i

21. Write program for the formation of Zbus using Zbus building algorithm

O giog
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