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ABSTRACT

Performance of power systems under steady-state operation can be analyzed by studying
power flow study. Gauss-Seidel iteration method was used to solve the power flow
equations. The power flow programming was made with help of MATLAB software. The
voltages, currents, and real and reactive power flows in the power system under a given
set of load conditions were determined as well as the line current, line flows and line
losses. With all information available, the user of power flow study can determine
whether any of the components in a power system will be overloaded by the particular
conditions of the study. If the ratings of any components are exceeded, then the
conditions of this study are an unacceptable steady state operating condition and
something else must be tried. With load studies, the engineers are able to plan ahead the
operation of the power system under normal conditions by fulfilling the economic and

security requirements.
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CHAPTER 1

INTRODUCTION

1.1 Background of Study

For this project, the main task is to develop power flow program and perform a study on a
power flow analysis. It is very helpful for planning forward the operation of a power
system under normal conditions at safe operation and future expansion. The Gauss-Seidel
(G-S) Iterative method will be used to solve the power flow equations. Besides, it
requires the knowledge and understanding of MATLAB for solving the power flow

equations.
1.2 Problem Statement

1.2.1 Problem Identification

This project requires a solving of power flow solution by using MATLAB.

1.2.2 Significant of the Project

By studying and analyzing the power flow analysis, the voltages, currents and power

tlows in a power system under steady-state conditions can be determined.

1.3 Objective and Scope of Study

1.3.1 Objective

1. To study the important of power flow studies
2. Tostudy power flow solution by using G-S Iteration Method
3. To apply the power flow solution by using MATLAB

1



1.3.2 Relevancy of the project

The study required for this project aims at obtaining the magnitude and phase angle of the
voltage at each bus and the power flowing in each line. This study is useful for analyzing
the performance of Power System both in normal operating conditions and under fault
conditions. The operation of a Power System can be planned ahead for its safe operation

and future growth.

1.3.3 Feasibility of the Project within the Scope and Time Frame

This project is a two-semester project such that the first semester will be mostly on
research and study. The MATLAB software will be able to accomplish the requirement to
solve the power flow equations. Therefore, this project is feasible to be carried out within

the time and scope.
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CHAPTER 2

LITERATURE REVIEW

2.1 Introduction to Power-Flow Studies

Two of the earliest programs to be developed for power system analysis were the
fault and load flow (power flow) programs. Both were originally produced in the late
1950s. Many programs in used today are either based on these two types of program or
have one or the other embedded in them [1].

The purpose of a power system is to deliver the power that customers require in
real time, on demand, within acceptable voltage and frequency limits, and in a reliable
and economic manner {2].

A power system engineer must be able to analyze the performance of power
systems both in normal operating conditions and under fauit (short-circuit) conditions.
The analysis of a power system in normal steady-state operation is known as a power-
flow study or load-flow study. Power flow studies attempt to determine the voltages,
currents, and real and reactive power flows in a power system under a given set of load
conditions.

An engineer who understands the operation of a power system under normal
conditions will be able to plan ahead for its safe operation and future growth. A good
understanding of steady-state conditions allows the engineer to play “what if?” games.

For example, suppose that a new customer intends to open an industrial plant that
requires 100 MW of power on the outskirts of some city. Will there be enough power-
handling capacity in the system for this new load, or will the additional load cause some

components to be overloaded? Will it be necessary to build new transmission lines, or to



increase the number of size of installed transformers? Will it be necessary to build new
generation capacity?

As another example, suppose that a power system is properly supplying loads, and
a transmission line within the system must be taken off line for maintenance. Can the
remaining lines in the power system handle the required loads without exceeding their
ratings? These sorts of questions are asked on a regular basis.

Furthermore, the central planning departments of power companies try to
anticipate the power needs 10 to 20 years into the future, and to simulate systems serving
those needs. These studies help them to identify the need for additional transmission lines

and generation capability early enough to plan properly for the future.

2.1.1 Basic Technique for Power Flow Studies

A power-flow study is an analysis of the voltages, currents and power flows in a
power system under steady-state conditions. In a power flow study, the power systems
engineer makes an assumption about either the voltage at bus or the power being supplied
to the bus for each bus in the power system and then determines the magnitude and phase
angles of the bus voltages, line currents, etc. that result from the assumed combination of
voltages and power flows,

The simplest way to perform power-flow calculations is by iteration. We create a
bus admittances matrix Yyys for the power system, and make an initial estimate for the
voltages at each bus in the system. We can then update the voltage estimate for the
voltages at each bus in the system one at a time, based on the estimates for the voltages
and power flows at every other bus and the values of the bus admittance matrix. Since the
voltage at a given bus depends on the voltages at all of the other busses in the system, and
the voltages at the other busses are just estimates, the updated voltage will not be correct.
However, it will usually be closer to the correct answer than the original guess. If this
process is repeated the voltages at each bus no longer change significantly during

iteration, the solution has converged to the correct answer.
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The equations used to update the estimates of voltage at a bus differ for different

types of busses, as we will describe below. Each bus in a power system is classified as

one of three types:

1.

Load bus. A load bus is a bus at which the real power and reactive power are
specified, and for which the bus voltage will be calculated. A load bus is known
as PQ bus. All busses that do not have generators attached are load busses.
Generator bus. A generator bus is bus at which the magnitude of the voltage is
kept constant by adjusting the fieid current of a synchronous generator tied to the
bus. At a generator bus, the field current is assumed to be adjusted maintain at a
constant terminal voltage, Vy. Generator’s prime mover also controls the real
power supplied by the generator to the power system. Thus at a generator bus, the
magnitude of the bus voltage Vi and real power P; can be controlled and
specified. A generator bus is known as PV bus.

Slack bus. The slack bus is a special generator bus that serves as the reference bus
for the power system. Its voltage is assumed to be fixed in both magnitude and
phase; most often it is taken to be 1£0° pu. The real and reactive power of the
slack bus is uncontrolled; it supplies whatever real or reactive power is necessary

to make the power flows in the system balance.

These categories generally correspond to the ways in which real power systems

operate. Load busses are busses that supply power to loads, and the amount of power

supplied will be whatever the loads demand. The voltage on a load bus in a real power

system will go up and down with changing loads, unless the power company

compensates for these changes with tap-changing under load (TCUL) transformers or

switched capacitors. Thus, load busses have specified values of P and Q, while V varies

with load conditions.

Real generators operate most efficiently when they are running at full load, so

power system try to keep all but one (or a few) generator running at 100 percent capacity,

7



while allowing the remaining generator {(called the swing generator) to handle increases
and decreases in load demand. Thus, most busses with generators attached to them will
be supplying a fixed amount of power (the rated full load power of the generators), and
the magnitude of their voltages will be maintained constant by field circuits of the
generators, These generator busses have specified values of P and |Vj|.

Finally, the controls on the swing generator will be adjusted to maintain a constant power
system voltage and frequency, allowing real and reactive power to increase or decrease is

required whenever loads change. The bus that the swing generator is connected to is
called the slack bus [3].

2.1.2 Existing Techniques

Several techniques enable the study of electric systems and interconnections on
digital computers. The various techniques have a common basis: the separation of the ac
system solution into two sets of linear equations. The most widely used technique divides
the real and reactive equations into independent sets of equations. The first set is the real
power equations. The second is the reactive power equations. Some techniques are in fact
variants of the methods used to solve sets of simultaneous linear algebraic equations. A
popular variant is the GS technique that is related to relaxation techniques for
simultaneous equation solution [4].

Basically, there have been many ways for applying numerical techniques to solve
the power flow equations. Presently, the following are the leading techniques [5]:

1. G-S method- is known as the method of successive displacements. The process
of iterations repeated until the change in variable is within the desired accuracy. It
can be seen that Gauss-Seidel method needs many iterations to achieve the
desired accuracy and there is no guarantee for the convergence.

2. Newton-Raphson method- the most widely used method for solving
simultaneous nonlinear algebraic equations. Newton’s method is a successive

approximation procedure based on an initial estimate of the unknown and the use

8



of Taylor’s series expansion. It is found to be efficient and practical for large
power systems. The number iterations required to obtain a solution is independent
of the system size, but more functional evaluations are required at each iteration.

3. Fast decoupled power flow method- requires more iteration than the Newton-
Raphson method, but requires considerably less time per iteration and a power
flow solution is obtained very rapidly. This technique is very useful in
contingency analysis where numerous outages are to be simulated or a power flow
solution is required for online control.

(Note: For this project, G-S Iteration method is used)

2.2 Power Flow Analysis Equation

2.2.1 Gauss Seidel Iterative Method .

The complexity of obtaining a formal solution for load-flow in a power system
arises because of the differences in the type of data specified for the different kind of
buses. Although the formulation of sufficient equations is not difficult, the closed form of
solution is not practical. Digital solutions of the load-flow problems shall be considered
to follow an iterative process by assigning estimated values to the unknown bus voltages
and calculating a new value for each bus voltage from the estimated values at the other
buses, the real power specified, and the specified reactive power or voltage magnitude, A
new set of values for voltage is thus obtained for each bus and used to calculate still
another set of bus voltages. Each calculation of a new set of voltages is called iteration.
The iterative process is repeated until the changes at each bus are less than a specified
minimum value.

First, the solution shall be examined based on expressing the voltage of abus as a
function of the real and reactive power delivered to a bus from generators or supplied to
the load connected to the bus, the estimated or previously calculated voltages at the other

buses, and the self and mutual admittances of the nodes. The .derivation of the



fundamental equations starts with a node formulation of the network equations. The
equations shall be derived for a four-bus system as example and the general equations
will be written later. With the swing bus designated as number 1, computations start with

bus 2. If P, and (), are scheduled real and reactive power entering the system at bus 2,

Equation 1
274 ; =P, +jO,
From which [ is expressed as
Equation 2
PR}
v,

And in terms of self and mutual admittances of the nodes, with generators and loads

omitted since the current into each node is expressed as in Equation below:

Equation 3

'}i:J_Q‘g‘:YuVl +YpVy + V3 + 1V,

*

n

Solving for V, gives
Equation 4

1P —-jO
Vz =Y_{ : v - Y21V1+Y23V3 +Y:J.4V4)j|
22 2

Equation 4 gives a corrected value for V; based upon scheduled P; and (> when the values
estimated originally are substituted for the voltage expressions on the right side of the
equation. The calculated value for ¥ and the estimated value for ¥, will not agree.

By substituting the conjugate of the calculated value of ¥ for ¥, in Equation 4 to

calculate another value for 73, agreement would be reached to a good degree of accuracy

10



after several iterations and would be the correct value for 7> with the estimated voltages
and without regard to power at the other buses. This value would not be the solution for
V> for the specific power flow conditions, however, because the voltages upon which this
calculation for 7, depends are the estimated values of voltage at the other buses and the

actual voltages are not yet known. Two successive calculations of V3 (the second being
like the first except for the correction of¥,) are recommended at each bus before

proceeding to the next one.

As the corrected voltage is found at each bus, it is used in calculating the
corrected voltage at the next. The process is repeated at each bus consecutively
throughout the network (except at the swing bus) to complete the first iteration. Then the
entire process is carried out again and again until the amount of correction voltage at
every each bus is less than some predetermined precision index.

Convergence upon erroneous solution may occur if the original voltages are
widely different from the correct values. Erroneous convergence is usually avoided if the
original values are of reasonable magnitude and do not differ too widely in phase. Any
unwanted solution is usually detected easily by inspection of the results since the voltages
of the system do not normally have a range in phase wider than 45° and the difference
between nearby buses is less than about 10° and often very small.

For a total of N buses the calculated voltage at any bus &k where Py and Qy are given is

Equation 5

1|P-jQ &
V,=—|1—==->»TY,7,
i Ki v kZ k" k
k

?

N0

Where & # i. The values for the voltages on the right side of the equation are the most
recently calculated values for the corresponding buses (or the estimated voltage if no

iteration has yet been made at that particular bus).
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Experience with G-S method of solution of power flow problems has shown that
an excessive number of iterations are required before the voltage corrections are within
an acceptable precision index if the corrected voltage at a bus merely replaces the best
previous value as the computations proceed from bus to bus. The number of iterations
required is reduced considerably if the correction in voltage at each bus is multiplied by
some constant that increases the amount of correction to bring the voltage closer to the
value it is approaching.

The multipliers that accomplish this improved convergence are called acceleration
factors. The difference between the newly calculated voltage and the best previous
voltage at the bus is multiplied by the appropriate acceleration factor to obtain a better
correction to be added to the previous value. The acceleration factor for the real
component of the correction may differ from that for the imaginary component. For any
~ system, optimum values for acceleration factors exist, and poor choice of factors may
result in less rapid convergence or make convergence impossible. An acceleration of 1.6
for both the real and imaginary components is usually a good choice. Studies may be
made to determine the best choice for a particular system.

At a bus where voltage magnitude rather than reactive power is specified, the real
and imaginary components of the voltage for each iteration are found by computing a

value for the reactive power. From Equation 5:

Equation 6

Equation 7



Equation 8
. N
0, :_Im{Vf ZKka}
k=1

Where, [, means “imaginary part of”,
Reactive power Qy is evaluated by Equation 8 for the best previous voltage values
at the buses and this value of (Jy is substituted in Equation 5 to find a new V. The
components of the new V) are then multiplied by the ratio of the specified constant

magnitude of Vi to the magnitude of the ¥y found by Equation 5. The result is the

corrected complex voltage of the specified magnitude [4].

3.1 Information Derived From Power-Flow Studies

After the bus voltages are calculated at all busses in a power system, a power flow
program can be set up to provide alerts if the voltage at any given bus exceeds plus minus
5 percent of the nominal value. The information is important, since power is supposed to
be supplied at a constant at voltage level. The high or low voltages indicate spots where
some sort of compensatory work is required, either with switched capacitor or with tap
changing under load (TCUL) transformer. If the voltage is too low at a bus, additional
capacitors can be switched on to the bus and the problem can be resolved to determine
the effect of this action on the bus voltage. By solving such problems repeatedly, it is
possible to define the amount of switched capacitance needed to ensure that the voltage
on a bus remains in tolerance under all load conditions.

In addition, it is possible to determine the net real and reactive power either
supplied to or removed from each bus by generators or loads connected to it. To calculate
the real and reactive power at a bus, the net current injected is calculated at the bus. The
net current injected at a bus will be equal to the sum of all the currents leaving the bus
through transmission lines. The current leaving the bus on each transmission line will be
equal to the difference between the voltages at either end of the transmission line

multiplied by the admittance of the line, so the total current injected at the now will be

13



Equation 6

W
I:: Ym(Vr_Vk)

k
k

——

=

The resulting real and reactive power injected at the bus can be found from equation

Equation 7
S, =-V.I; =P +jQ,
Where, the minus sign takes into account the fact that current is assumed to be injected

instead of leaving the node.

Similarly, the power-flow study can show the real and reactive power flowing in
every transmission line in the system. The current flow out of a node along a particular

transmission line between bus i and bus j can be calculated from the equation

Equation 8
I,=Y,0,~V)

i

Where, ¥ is the admittance of the transmission line between those two busses. The

resulting real and reactive power can be calculated from the equation

Equation 9
Sy ==V, =F,+jQ,

By comparing the real and reactive power flows at either end of the transmission line, the

real and reactive power losses on each line can be determined.

In modern professional power-flow programs, this information is displayed graphically
on a computer screen, with real and reactive power flows into and out of each bus and
transmission line being shown as arrows. The display uses color to highlight areas where
the power system is overloaded. This graphical representation makes it very easy to

locate ‘hot spots’.
14



With all of this information available, the user of a power-flow study can determine
whether any of the components in a power system will be overloaded by the particular
conditions of the study. If the ratings of any components are exceeded, the conditions of
this study are an unacceptable steady-state operating condition, and something else must
be tried.

Power flow studies help a power system to operate more efficiently. A typical
power system has many generators in many different geographical locations and of
course the loads on the system are distributed in many different locations. The loads on
the power system can be supplied by the generators in many different ways, with the
generators at some power stations supplying full power while the generators at other
stations serve as swing generators. If power flow studies are performed for different
combinations of generation, the engineer can determine which combination produces the
minimum transmission losses, and thus provides the power most efficiently. The study of
the efficient operation of power systems is called economic dispatch. It is a major sub-

discipline within power systems engineering [6)].
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CHAPTER 3
METHODOLOGY

This project will consist of two major stages which are being used for solving the power

flow analysis. There are:

a) Development of the power flow program

b) Application of the power flow program for several case studies

3.1 Power Flow Program Development

The power flow program is developed by MATLAB software. The power_flow

command is made under m-file format.

function power_ flow({filename)

Power flow function is to perform a power flow analysis. The function of power_flow
reads a data set describing a power system from a disk file and performs a power-flow
analysis on it. The only argument is the name of the input file. There are three types of
lines in the input file:

1. The “SYSTEM” line specifies the name of the power system and the base apparent
power of the power system in MVA. Its form is:

SYSTEM name baseMVA tol

Where

name = The name of the power system
baseMVA = The base MVA of the power system
tol = Voltage tolerance

2. The “BUS” line specifies the characteristics of a bus on the power system. Its form is:

BUS name type volts Pgen Qgen Pload Qload Qcap

Where
name = The name of the bus
type = The type of the bus, one of PQ, PV, or SL

16



Vws = The initial voltage guess for PQ busses

The fixed magnitude of voltage PV busses

The fixed magnitude at an angle of 0 deg for SL busses
Poen = Is the real power generation in MW at the bus
Qeen  =Is the reactive power generation in MVAR at the bus
Piag = Is the real power load in MW at the bus
Quaa = Is the reactive power load in MVAR at the bus
Qusy = 1Is the reactive power of capacitors in MVAR at the bus

3. The “LINE” line specifies the characteristics of a transmission line on the power
system. Note that the impedance of the transformers in series with the transmission line
should also be lumped into these terms. Its form is:

LINE from to Rse Xse Gsh Bsh Rating

Where
from = The name of the "from" bus
to = The type of the "to" bus

Ree = Per-unit series resistance
Xse = Per-unit series reactance
Gy, = Per-unit shunt conductance
By, = Per-unit shunt susceptance

Rating = Max power rating of the line in MVAR
The lines should appear in the order as below:

SYSTEM
BUS
LINE

The program reads the data from the input file and solves for the voltages at every bus.
Then, it generates a report giving the voltages and power flows throughout the system.

To get the power system data
fbus, line, system] = read system(filename);

To Build Y
ybus = build_ybus(bus, line):

To Solve for the bus voltages
[bus, n_iter] = solve system{bus, ybus);

To Display results

report system(l, bus, line, system, ybus, n_iter);

function [bus, line, system] = read_system{filename)
read_system command use to read a power system from disk.

17



.
’

Number of SYSTEM cards

Number of BUS cards
Number of INVALID cards

Number of comment lines

Number of LINE cards
Current line number

’

0;
0;
= 0;
= 0;
0;

nargchk(l,1,nargin)

error {msg);

To check for a legal number of input arguments.

To initialise counters

n comment

n system

n lines

mnsg
n_bus
n_bad

TR ALALARLRLNRRYRGR

s To Open input file

o0
o
e

filenamel;

FEITHLSRILLBL39%%%%%
FEEETRTRRTLBALSIRERELY

%
5%%%

= fopen(filename,'r');
FEEELLERLHHLLRE

['ERROR: Can't find system file:
%

error(str};

else

File open OK, so read lines.
343

%
while feof (fid)

str
Rttt e i R i v st E it i e R I LR LY
%

3 E LR RN AT AR AR NN RAR AN LB IRRALALNLBRSI}

[fid, message]
FID = -1 for failure.

& To Check for error

if fid < 0

@

o

ine

Get next |

%

FE5%%%%

of

= i line + 1;

data = fgetl (fid);:

i line
s Extract keyword

o®

oo
o

op

FEETRRIBIRATSLBRLIRLH RS

)
18

6 length{data) ]

[

n system + 1;

min (
= data{l:maxlen};

L L R L L R S R LR e R L L LA R L R L

if strncmpi (keyword, "SYSTEM', 6)

% This is a SYSTEM card

5 Determine the type of the line
n_system

maxlen
keyword



Get system name
blanks = findstr{data,' '):
test = diff(blanks) > 1;
for ii = 1l:length{test)
if test(ii) > O
system.name = data(blanks(ii)+l:blanks (ii+1)-1):
break;
end
end

Get base MVA

ii = blanks (ii+1);

temp = sscanf(data(ii:length(data)),'%g');
system.bagseMVA = temp(l):;

Voltage tolerance
system.v_tol = temp(2);

elself strncmpi (keyword, "'BUS',3) == 1

5 oge of  op
ps
@0
o\
0
s
It oe
s
o o
oe

Confirm that a SYSTEM card has preceded this card
if n_system ==

error (['ERROR: A SYSTEM card must precede any BUS cards!']);
end

Get bus name
blanks = findstr{data,"' '}:
test = diff{blanks) > 1:
for il = l:length{test)
if test(ii) > 0
bus{n bus) .name = data(blanks({ii)+l:blanks{ii+1)-1):
break;
end
end

Get bus type
for ii = ii+l:length{test)
if test(ii) > 0
bus (n_bus).type = data(blanks({ii}+l:blanks{ii+1)-1);
break;
end
end

Get voltage

i1 = blanks {ii+1l);

temp = sscanf{data(ii:length{datal), "%g');
bus(n_bus) .Vbus = temp (1}
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Get power generated, loads, and capactive MVAR

bus{n_bus) .PG = temp(2) / system.bascMVA;
bus(n_bus).QG = temp(3) / system.baseMVA;
bus{n_bus).PL = temp(4}) / system.baseMVAa;
bus{n_bus).QL = temp(3) / system.baseMVA;
bus(n_bus).0C = temp(6) / system.baseMVA;
elseif strncmpil{keyword, 'LINE',4) == 1

% GB35 T30 050305 3003050050 0555%%55%
3 This is a LINE card

8 553555500053 0050535555%535%%%%
o = n llnes + 1

e

F¥33%%

Confirm that a SYSTEM card has preceded this card
if n system ==

error (['ERROR: A SYSTEM card must precede any LINE cards!']);
end

Get "from" bus name
blanks = findstr(data,' '):
test = diff (blanks) > 1;
for ii = l:length{test)
if test(ii} > 0
line(n_lines}.from_name = data{blanks{ii)+l:blanks(ii+1)-1};
break;
end
end

Get "to" bus name
for ii = ii+l:length({test)
if test(il) > 0
line(n_lines}.to name = data(blanks(ii)+l:blanks{ii+l)-1);
break;
end
end

Get numeric values
ii = blanks{ii+l};
temp = sscanf(data(ii:length(data)),'%g'):

Get values

line (n_lines) .Rse = temp (1) ;
line(n_lines).Xse = temp(2);
line{n_lines) .Gsh = ftemp(3);
line{n lines).Bsh = temp(4};
line(n lines).rating = temp(5};

elseif isempty{keyword)

AR LA AR AT R R EEEEEEEEEE RS F RS LR LR R T
s This is a null line--do nothing

SRR R R R AR R LR R A L LR LR R R R A A LR R AR AR R R LT R
sn_comment = n_ comment + 1;
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elseif keyword(l:l) == '%°

Rt A R R L e e e e P L T T
n_comment = n comment + 1;

else
21ttt ittt T st P e it e i bt e b L
s This is an invalid line
Lttt R T R R L
n bad = n bad + 1;

if ischar(data)
disp {{'WARNING: Invalid line ' int2str{i line)
end
end
end

Now, test input data for consistency
for ii = l:n bus
bus (ii).n_lines = 0:
end
for ii = 1:n lines
line{ii).from = 0;
line(ii).to = 0;

Check for line terminations
fer jj = l:n_bus
tf strempi(line{ii).from name, bus(jj).name)
bus(jj}.n_lines = bus(jj}.n_lines + 1;
line(ii).from = jj;
end
if strempi(line(ii).to_name, bus{jj).name)
bus(jj}.n lines = bus(jj).n_lines + 1;
line(ii}.to = Jj;
end
end
end

£595%%
Now

3%%%%

3520585580505 59355505305%305%05505930%3
input data for consistency.
5

%%
9

.,
e

e D
7]

5353523585555 %5%95%5%%%%

ot oo oo

oe
o

F5%%%%%

o\

3B

Check to see that one and only one SYSTEM card was present.
error_count = 0;
if n_system ==
error_count = errcr count + 1;
disp (['BERROR: No SYSTEM card supplied!']):
end
if n_system > 1
errcr_count = error_count + 1;
disp (['ERROR: Toc many SYSTEM cards supplied!'}):;
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end

Check to see that there are no isolated busses.
for ii = l:n_bus
if bus({ii).n lines <= 0
error_count = error_count + 1; :
disp (['ERROR: Isolated bus: ' bus(ii).name]};
end

end

Now, check for lines with invalid bus names.
for ii = 1l:n_lines
if line(ii).from <= 0
error_count = error_count + 1;
str = ['ERROR: Invalid from bus on line ' numZstr{ii)
"+ ' line(ii).from name]:;
disp{str):
end
if line(ii}.to <= 0
error count = error_count + 1;
str = ['ERROR: Invalid to bus on line " numZstr(ii)
'+ ' line{ii).to_name];
disp{str};
end
end

Check and see if there was one and only one slack bus.
sl count = 0;
for 1ii = 1:n_bus

if bus{ii).type == 'SL'

sl count = sl count + 1;

end
end
if sl_count ==

error_count = error_count + 1;

disp (['ERROR: No slack bus specified!']};
end
if s1 count > 1

error_count = error_count + 1;

disp (['ERROR: Too many slack busses specified!']};
end

Check and see if each bus with non-zero generation is either type 'SL' or type 'PV',
for ii = L:n bus
if ~streomp{bus(ii).type,'8L') & ~strcmp(bus(il).type, 'PV') &

( {bus(ii).PG ~= 0} | {(bus(ii).QG ~= 0} )
error_count = error_count + 1;
disp (['ERRCR: Generator bus ' intZstr{ii)

' specified as type ' bus{ii).typel):
end
end

If there were errors, abort with error message.
if error count > 0

disp{[intZstr(error_count) ' errors total!'l);
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and

B AE A A AR R LR L EEEEEE LA LA LA

3
5 Write out data summary

o

R EE L EE L EEEE L L E LT

it i it a E At R Lt e R R Lt R TR R L
fprintf ('Input summary statistics:\n' };
fprintf('%4d lines in system file\n', i_line };
fprintf('%4d SYSTEM lines\n', n_system };

fprintf ('%4d BUS lines\n', n_bus };

fprintf('%4d LINE lines\n', n_lines );

AR AR AR RS R R LR A R R LR LR L e b L e R R e R R T

oo o
>
o
Q
=3

on errors
Rttt t R r et E R
if error_count > 0
error (["Job aborted due te input errcrs.'l):
end
and

function ybus = build ybus(bus, line)

BUILD_YBUS Build the bus admittance matrix from an input array of lines. Function of
build_ybus builds a bus admittance matrix from an input structure of lines. Each line
stretches between two busses, and it characterized by a per-unit series impedance and a
per-unit shunt admittance. Each array element in the "line" array contains the following
fields:

from_name Name of "from" bus

from Number of "from" bus
to_name Name of "to" bus

to Number of "to" bus

Re Series resistance, pu

Xee Series reactance, pu

G Shunt conductance, pu

B Shunt susceptance, pu

Rating Rated apparent power (MVA)

Check for a legal number of input arguments.
msg = nargchk(2,2,nargin);
error (msg) ;
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Get the number of busses included in the system.
n_bus = length (bus);

Create ybus

ybus = zeros{n bus,n bus);

Now, build the bus admittance matrix
for ii = l:length{line)

Get indices
fr = line{ii).from;
to = line(ii).to;

Convert series impedance to a series admittance, and conductance and susceptance to a

shunt admittance.
Yse = 1.0 / { line{ii}.Rse + j*line(ii) .Xse );
Ysh = line(li).Gsh + i*line{ii).Bsh;

Diagonal terms

ybus{fr,fr}) = ybus({fr,fr} + Yse;

ybus{to,to) = ybus({tc,to}) + Yse;
Off-diagonal terms

ybus (fr,te) = ybus(fr,to) - Yse;

ybus (to, fr) = ybus(to,fr) - Yse;

Shunt admittance

ybus (fr, fr) = ybus(fr,fr) + Ysh;
yhus (to,to) = ybus(te,to) + Ysh;
end
function [bus, n_iter] = solve_system{bus, ybus)

SOLVE_SYSTEM Solve for the bus voltages in the system. Function of solve_system
solves for the bus voltage in the power system using the Gauss-Siedel method.

Check for a legal number of input arguments.
msg = nargchk(2,2,nargin);
error (msqgj ;

Set problem size and initial conditions
n_bus = length (bus):;

acc_fac = 1.0;

eps = 0.0001;

n_iter = §;

Initialize the real and reactive power supplied to the power system at each bus. Note that
the power at the swing bus doesn't matter, and the reactive power at the generator bus
will be recomputed dynamically.
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for ii = l:in_hus

bus(ii).P = bus{ii).PG - bus(ii}.PL;

bus(ii).Q = bus({ii).0G - bus(ii).QL + bus{ii).QC;
end

Initialize Vi,
for ii = 1l:n_bus

Vbus {ii}) = bus(ii).Vbus;
and

Create an infinite loop
while (1)

Increment the iteration count
n_iter = n_iter + 1;

Save old bus voltages for comparison purposes
Vbus_old = Vbus;

Calculate the updated bus voltage

for 1i = 1:n bus

Skip the swing bus!
if ~strcmpi{bus(ii).type, 'SL'}

If this is a generator bus, update the reactive power estimate.
if strcmpi(bus{ii).type, 'PV')
temp = 07
for jj = l:in _bus
temp = temp + ybus(ii,j3j) * Vbus(Jj}s

end
temp = conj {Vbhus{ii)) * temp;
bus{ii}.Q = -imag(temp);

end

Calculate updated voltage at bus 'ii'. First, sum up the current contributions at bus 'ii'
from all other busses.

temp = 0;
for 33 = 1:n_bus
if i1 ~= 33
temp = temp ~ ybus(ii,jj} * Vbus{jj);
end
end

Add in the current injected at this node
temp = (bus{ii).P - j*bus(ii).Q) / coni(Vbus{ii}} + temp;

Get updated estimate of Vbus at 'ii’

Vnew = 1/ybus(ii,ii} * temp;
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Apply an acceleration factor to the new voltage estimate
Vous {11) = Vbus_old{ii) + acc_fac * (Vnew - Vbus_old(ii});

If this is a generator bus, update the magnitude of the voltage to keep it constant.
if strcmpi (bus(ii).type, 'PV"}
Vbus {11) = Vbus(ii) * abs(Vbus old(ii)) / abs(Vbus(ii});
end
end
end

Compare the old and new estimate of the voltages. Note that we will compare the real

and the imag parts separately, and both must be within tolerances for every bus.
temp = Vbus - Vbus_old;
if max(abs{[real (temp) imag(temp)}]l}) < eps
break;
end
end

Save the bus voltages in the bus array
for i1 = 1l:n_bus

bus {ii).Vbus = Vbus(ii);
end

function report system{fid, bus, line, system, ybus, n_iter)

REPORT SYSTEM Write a report of power system load flows. Function of
report_system writes a load flow report to unit "fid". If this unit is a file, the file must be
opened before the function is called.

Check for a legal number of input arguments.
msg = nargchk(6,6,nargin);
erroxy (msqg) ;

Get number of busses
n_bus = length(bus);

Reset sums
PGtot = 0;
QGtot = 0;
PLtot = 0
QLtot = 0;
QUtot = 0;

5305325955525 53553%5
display bus and line quantities
5555505555 8553555553055355325338%3%333933%%3

e
o
op
-
&0
)
o
oR
o0
Je
oe
pres
de
oF
e

fprintf
fprintf
fprintf
fprintf

]

! Results for Ca'});
'se %s\n', system.name);

"============::EEE:2:BUS Information ===');
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fprintf (' ======================|=======[ine Information======|\n")
fprintf {'Bus Bus Volts / angle |--Generation--j-');:
tprintf ('~--~- Load----- | -—-Cap——| To | ----Line Flow---]\n'}
fprintf{'no. Name Type  (pu) (deg) (MW}  (MVAR) Yy
fprintf (' (MW) {MVAR) {MVAR} Bus (MW} (MVAR) [\n")
EPrintf (' |=mmmmmmc—mmmme e S
Eprintf (' s=—mromme e o ———————— e [\ T}

Write out bus information
for 1i = l:n_bus

Write bus number
fprintf('%3d", ii };

To write bus name
fprintf (' %10s', bus(ii).name );

To write bus type
fprintf (' &2s', bus(ii).type }:

write pu voltage
[mag, phasel = rZ2p(bus({ii).Vbus);
fprintf (' %5.3£/', mag ):
fprintf{'%7.2£", phase );

If this is a slack bus, update the real and reactive power supplied.
if strcmpi{bus(ii).type, 'SL')
temp = 0;
for jj = l:n_bus
temp = temp + ybus{ii,JJj) * bus{jj).Vbus;
end
temp = conj{bus{ii) .Vbus) * temp;
bus{(ii}).P = real{temp):
bus{ii).Q = -imag (temp):
end

erte Generation (MW / MVAR)

{bus (1ii) .P + bus(ii).PL) * system.baseMVA;

Q {bus{ii}.Q + bus(ii).QL -~ bus{ii).QC) * system.baseMVA;
fprintf (' %7.2f', P };

feprintf (' %7.2f', Q)

’

Sum generation
PGtot = PGteot + P
OGtot = QGtot + Q;

Write Load (MW / MVAR)
fprintf (' %7.2f', bus(ii).PL * system.baseMVA )}
fprintf{' %7.2f', bus(ii).QL * system.baseMVA );

Sum loads
PLtot = PLtot + bus(") PL * system.baseMVA;
QLtot = QLtot + bus(ii).QL * system.baseMVA;
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Write Capacitive MVAR
fprintf(' %7.2f', bus{ii).QC * system.baseMVA )

Sum capacitive load
QCtot = QCtot + bus(ii).QC * system.baseMVA;

Calculate the powers flowing out of this bus to other buses
count = 0;
for j3 = 1l:length(line}

if line(33).from == 1ii

This line starts at the current bus, To write the "to” bus name
count = count + 1:
if count > 1
fprintf (' %84s', line{jj).to_name };
else
fprintf£(' %10s', line{(jj).to name };
end

Calculate the current and power flow in line
kk = line(jj).to;
il = (bus{ii).Vbus ~ bus(kk).Vbus) * vbus(ii, kk);
pl = bus(ii).Vbus * conj(il}:
P = ~real(pl) * system.baseMVA;
Q = -imag{pl) * system.baseMVA;

Display power flows in line

fprintf (' 87.28", P );
fprintf (' 87.26\n', Q s
elseif line(j3j).to == 1ii

This line ends at the current bus. To Write the "from" bus name
count = count + 1;
if count > 1
fprintf (' %84s', line(j3j).from name );
else
fprintf(' %10s', line(jj).from name };
end

Calculate the current and power flow in line
kk = line(jij).from;

il = ({(bus(ii).Vvbus - bus(kk).Vbus) * ybus(ii,kk);
pl = bus{idi}.Vbus * conj(il};

P = ~-real(pl} * system.baseMVA;

Q0 = -imag(pl) * system.baseMVA;

Display power flows in line
fprintf ('  %7.28', P );
fprintf (' %7.28\n', Q ):

end
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end
end

To Write totals

Fprintf{’ |====== mmmmmmm—mmemmeee === s=====');
fprintf (' === === ss—os——oossssssssossossssTes I\n'});
fprintf (' Totals ')
fprintf{' %7.2f', PGtot }:
fprintf{' %7.2f', QGtot );
fprintf{' %7.2f', PLtot );
fprintf (' %7.2f', QLtot };
fprintf (" %7.2f\n', QCtot };
fprinti{?| == Yy
fprintf (' =ss=========——==————c—mac—coooossszsoooossRssESSsmmmmm I\n');
s E553 5355555959339 5855550592550 5%0%%%%%%
5 Calculate and display line losses
P R L L R L R R R e R R R R R R P R R T S A L
Skip some lines
fprintf{’\n\n'}:
Set up labels
fprintf (" Line Losses \n');
fprintf (' |=================== mmscmmmmssss=—== |\ ) ;
fprintf('| Line From To Ploss Qloss |\n');
fprintf("| ne, Bus Bus (MW) (MVAR) |[\n'):
fprintf ('] e === =====|\n'};
Initialize total line loss
Pltot = 0;
Qltot = 0;
Calculate and write out line losses
for ii = l:length{line);

39 = line(ii}.from;

kk = line{ii) .to;

il = (bus{jj).Vbus - bus(kk).Vbus) * ybus{(jj,kk};

Pl = abs(il}*2 * line(ii).Rse * system.baseMVA;

Ql = abs(il)"2 * line(ii).Xse * system.baseMVA;

Pltot = Pltot + Pl;

Qltot = Qltot + Q1;
Write out lines

fprintf (* %4d',11);

fprintf (' $10s5", line (ii) .from name);

fprintf (' $10s',line(ii) .to_name);

fprintf {’ £7.2£', Pl )

fprintf {’ g7.2f\n', QL ):
end
Write out total line losses
fprintf('i= SesssmsssssssssSmssss Sse S S SE s =i\n');
fprintf (' Totals:');
fprintf (' %7.2f', Pltot ):



fprintf (' $7.2f\n', Qltot );
fprintf ( ! I— e e e e e e e = :=| \n' ) ;

oo

Rt L e L i it L At s i st
s Calculate and display alerts

S350 8538598595325305005005005050050000505305500855838538433
Skip some lines

fprintf{"\n\n');

Initialize alert counter
n_alert = 0;

Set up labels
fprintf (" Rlerts \n');
fprintf (' |====== e === m=mmm=—= I\n*);

Check for voltages out of range
for ii = l:ilength(bus)
if (abs{bus(ii).Vbus) < (1.0 - system.v tol) } |
{abs{bus {ii}).Vbus) > (1.0 + system.v_tol) }
n_alert = n_alert + 1;
fprintf(‘ALEﬁT: Voltage on bus %s out of tolerance.\n',bus(il}.name);
end
end

Check for power lines whose ratings are exceeded.
for ii = l:length{line):

jj = line{ii).from;

kk = line{ii).to;

il = {(bus{(jj).Vbus - bus{kk}.Vbus) * ybus{jj, kk}:
51 = abs(bus{jj).Vbus * conj{il)) * system.baseMVA;

Check for line exceeding limit
if 81 > line(il).rating
n_alert = n _alert + 1;
fprintf ('ALERT: Rating on line %d exceeded: %.2f MVA > %.2f MVA.\n',
ii, 81, line(ii).rating ):
and
end

Write out "none" if not alerts were generated
if n_alert ==

fprintf ('NONEAn');
end

EE R R et e e et et A A L L L R L L L L LR
s Display number of iterations

PR R R Rt R R R A R LR R s LRI LT L
fprintf{‘\nDone in %d iteratiocns.\n', n_iter }:

function outval = p2r(mag,phase)
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p2r Convert a complex number in polar format to rectangular. Function p2r converts
either a complex number in polar format with the angle in degrees into a complex number
in rectangular format.

Define variables:

mag  -- Magnitude of number
outval -- Output value in rectangular form
phase -~ Phase of number, in degrees

Check for a legal number of input arguments.
msg = nargchk(2,2,nargin);
error {msyg) ;

Convert number
theta = phase * pi / 180;
ocutval = mag * { cocs(theta) + j*sin(theta) }:

function [mag,phase] r2p{inval}

R2P Convert a complex number in rectangular format to polar in degrees. Function R2P
converts either a complex number into a complex number in polar format, with the angle
in degrees.

Define variables:

inval -- Input value in rectangular form
mag  -- Magnitude of number
phase -- Phase of number, in degrees

To Check for a legal number of input arguments.
msg = nargchk(l,1,nargin);
error (msg);

To Convert number
mag = abs{inval);
phase = angle(inval) * 180 / pi;

phase = angle(inval) * 180/ pi;
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3.2 Application of the power _flow program

After the power flow program development, the program is then will be run by

MATLAB. There are two types of data that should be run together:

a) Power_flow program- is the power flow program that has been developed to solve
the power flow equation

b) Input file of the power system- is the power system data load into the program
which are consist of power system specification including the bus data and line

data
The power flow program which has been developed should be in the same directory in
the MATLAB folder together with the input data and then run the system in command
window in the format of: “ file_name>space bar>input file” .

There are two case studies has been carried out for this project:

1) Case 1- Test on IEEE 30 bus standard system

2} Case 2- Power System with five busses and six transmission lines
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3.2.1 Case 1

IEEE 30-Bus Standard System Test

09 * g
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d R g

Figure 1: IEEE 30 bus power system network
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Table 1: IEEE 30 bus - Bus Data

Bus Bus | Voltage | Angle Generator Load Injected
No Type Mag. Dagree MW MVAR Comin Qmax MW MVAR MVAR
1 SL 1.06 ¢ 4 0 0 0 0 0 0
2 PV 1.043 0 40 0 ~40 50 21.7 12.7 0
3 PQ 1.0 ¢ 0 0 0 0 2.4 1.2 0
4 EQ 1.086 & ¢ 0 0 0 7.6 l.¢ 0
5 PV 1.01 0 ¢ 0 -40 40 94,2 i9 0
6 PQ 1.0 0 0 0 0 0 0 0 0
7 PQ 1.0 0 s} 0 0 0 22.8 10.9 0
8 BV 1.01 o o 0 -10 40 30 30 0
9 PC 1.0 0 4} 0 0 0 0 0 0
10 PQ 1.0 0 0 0 0 0 5.8 2 0
11 PV 1.082 0 0 0 -6 24 0 0 19
12 PQ 1.0 0 ] 0 0 0 11.2 7.5 0
13 pv 1.071 ] ] 0 -6 24 0 0 0
14 PQ 1.0 ] 0 0 0 0 6.2 1.6 0
15 pPQ 1.0 ] ] 0 0 0 8.2 2.5 0
16 PQ 1.0 0 0 0 0 0 3.5 1.8 Q
17 PQ 1.0 ] ] 0 0 0 9.0 5.8 0
18 PQ 1.0 0 0 # 0 0 3.2 0.9 0
19 PQ 1.0 0 0 0 0 0 9.5 3.4 0
20 PQ 1.0 ] 0 0 0 0 2.2 G.7 0
21 PQ 1.0 0 0 G 0 0 17.5 11.2 a
22 PQ 1.0 0 ] 0 0 0 0 0 0
23 BPQ 1.0 ] 0 0 0 0 3.2 1.6 0
24 PO 1.0 0 0 0 0 0 g.7 6.7 4.3
25 PQ 1.0 ] 0 0 0 0 0 0 0
26 PO 1.0 0 0 0 0 0 3.5 2.3 0
27 PO 1.0 0 0 0 0 0 0 0 0
28 PO 1.0 0 0 0 0 0 0 Q 0
29 PR 1.0 0 0 0 0 0 2.4 0.9 0
30 PQ 1.0 0 0 0 0 0 10.8 1.9 0
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Table 2: IEEE 30 bus - Line Data

BUS R X % B 1 for Line code or pu
From bus To bus {pu) {pu) {pu) tap setting value
1 2 0.0182 0.0575 0.02640 1
1 3 0.0452 0.1852 0.02040 1
2 4 0.0570 0.1737 0.01840 1
3 4 0.0132 0.0379 0.00420 1
2 5 0.0472 0.15%83 0.02090 1
2 6 0.0581 [ 0.1763 0.01870 1
4 6 0.0119 0.0414 0.00450 1
5 7 0.0460 0.1160 0.01020 1
6 7 0.0267 0.0820 0.00850 1
6 8 0.0120 0.0420 0.00450 1
6 9 o 0.2080 0 0.978
6 10 0 0.5560 0 0.969
9 11 0 0.2080 0 1
9 10 0 0.1100 0 1
4 1z g 0.2560 0 0.932
i2 13 ] 0.1400 0 1
12 14 0.1231 0.2559 0 1
12 15 0.0662 0.1304 0 1
12 16 0.0945 0.1987 ] 1
14 15 0.2210 0.1987 0 1
16 17 0.0824 0.1923 0 1
15 18 0.1073 0.2185 0 1
18 19 0.0639 0.1292 0 1
19 20 0.0340 0.0680 0 1
10 20 0.0936 | 0.20%0 0 1
10 17 0.0324 0.0845 0 1
10 21 0.0348 0.0749 0 1
10 22 a.0727 0.14%9 8] 1
21 22 0.011¢ 0.0238 0 1
15 23 0.1000 0.2020 0 1
22 24 0.1150 0.1750 0 1
23 24 0.1320 0.2700 0 1
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24 75 0.1885 | 0.3292 0 1
25 76 0.2544 | 0.3800 0 1
25 27 0.1693 | 0.2087 0 1
28 27 0 0.3960 0 0.568
27 29 0.2198 | 0.4153 0 1
27 30 0.3202 | 0.6027 0 1
29 30 0.2399 | 0.4533 0 1
8 28 0.0636 | 0.2000 | 0.0214 )
6 28 0.0169 | 0.6599 | 0.065 1
3.2.2 Case 2

Figure 2 below shows the simple power system with five busses and six transmission lines. The

base apparent power of this power system is 100 MV A and the tolerance on each bus is 5%.

Load 2 Load 3

Table of Buses

Bus 1- Slack bus
Bus 2- Load bus
Bus 3- Load bus
Bus 4- Load bus

Bus 5- Generator bus

@_TL @' I

Load 4 : Load 5

Figure:2: Power system network
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Table 3;: Bus Data

Bus Type V{pu) Generation Loads
name P(MW) QMVAR) P(MW) Q(MVAR)
I SL 1£0°
2 PQ 1.£0° 60 35
3 PQ 1£0° 70 40
4 PQ 120° 80 50
5 PV 120° 190 40 30
Table 4: Line Data
Transmission line From/to Series Impedance Rated
number (bus to bus) Z(pu) MVA
| 1-2 0.0210 +j0.1250 50
2 i-4 0.0235 +j0.0940 100
3 2-3 0.0250 +j0.1500 50
4 2-5 0.0180 +j0.0730 100
5 3-5 0.0220 + j0.1100 100
6 4-5 0.0190 +j0.0800 100
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4.1 Results for Case 1

CHAPTER 4

RESULTS AND DISCUSSION

In order to validate the power flow program which has been developed by MATLAB

software, the IEEE 30-bus standard test system and several case studies are carried out.

Bus Data
Fesults Lot Case Lase_mase

| s======sz=z=====s=== Bus Informaticn= ==m===== | == Line Informatiopn======|
Bus Bus Volts / angle |-—-Generation--—|«=——--- Load-———- | --Cap-—| To | =w~=Line Flow--—|
no. Nswme Type (pu) {Geg) (MU)  [MVAR) (MM)  (HVAR) (HTAR) Bus (MT) (KVAR} |
[ - == mn - == |
1 One 8L 1.0860/ 0.00 254.66 -12.11 0.00 0.00 0.00 Two 173.59 -18.21
Thres 81.07 6.10
2 Two PV 1.043/ -5.36 40.00 54.494 21.70 iz.70 0.oo Cne -168.38 33.80
Four 44.37 2.57
Five B2.38 4,03
Six 60.54 1.51
3 Three PQ 1.024/ -7.80 0.00 0.00 2.40 1.20 g.oc One -7B8.41 4.79
Four 76.86 -6.18
4 Four PQ 1,017/ -9.45 0.00 0.00 7.60 1.60 0.00 Two -43.34 0.58
Three =-76.11 8.33
Six 70.57 -6.36
Twelve 41.83 -4.17
S Five FV 1.010/ -14.18 0.00 39.90 94.20 19.00 0.00 Two -79.43 8.37
Seven -14.55 12.61
6 Six POQ 1.012/ ~11.12 0.00 0.00 0.00 0.00 0.00 Tuo -58.58 4.43
Four -70.00 8.37
Seven 38.27 -0.24
Eight 28.79 ~3.93
Nine Z7.63 -10.32
Ten 15.6¢6 -1.35
TwentyB 18.80 2.73
7 Seven FQ i.002/ -12.89 0.0D0 0.00 22.80 12.580 0.00 Five 13.71 -12.13
Six ~37.88 1.41
B Eight PV 1.010/ -11.85 0.00 35.53 30.00 30.00 0.60 Six -29.69 4,30
Twentys -0.55 1.63
=] Nine PQ 1.035/ -14.27 0.00 0.00 g.00 0.00 0.00 Six -27.63 1z2.08
Eleven 0.16 -23.58
Ten 28.19 11.46
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10 Ten PQ 1.023/ ~15,94 0.00 0.00 5.80 2.00 19.00 Six -15.66 2.69
Nine -28.18 -10.51
Twenty 9.43 3.73
Seventeen 6.36 4.65
Teentyl 15.79 10,85
Twenty2 7.86 4.88
11 Eleven PV 1.082/ -14.28 0.00 Z%,66 0.00 0.00 0.00 Nine ~0.18 24.66
12 Twelve PQ 1.033/ -15.30 0.00 0.00 11.20 7.50 0.006 Four -41.83 8.55
Thirteen 0.z4 -28.08
Fourteen 7.65 2.37
Fifeteen 17.22 5.35
Sixteen 6.61 2.91
13 Thirteen PV 1.071/ -15.32 0.00 29.12 0.00 0.00 0.00 Twelve -D.24 29.12
14 Fourteen PQ 1.018/ -16.21 0.00 0.00 6.20 1.60 0.0o0 Tuelve -7.58 -2.21
Fifeteen 1.39 0.52
15 Fifeteen PO 1.014/ -16.30 0.00 0.00 8.20 1.50 [ ala] Twelve -17.01 ~5.93
Fourtsaen -1.39 -0.52
Eighteen 5.51 1.66
Twentys 4.85 3.26
16 Sixteen PQ 1.021/ -15.86 0.00 G.co 3.50 1.80 0.00 Tuelve -6.57 -2.81
Seventeen 3.17 0.96
17 Seventeen PQ 1.017/ -16.16 0.00 06.00 S.C0 5.80 8.00 Siixteen -3.16 -0.94
Ten ~-5.34 -4.60
18 Eighteen PQ 1.005/ -16.88 0.a0 0.00 3.20 0.90 0.00 Fifeteen -5.48 -1.59
Nineteen Z2.51 0.55
19 Nineteen PQ 1,002/ -17.04 0.00 Q.00 9,580 3.40 0.00 Eighteen ~2.51 -0.54
Twenty ~-6.58 -~3.11
20 Twenty PQ 1,007/ -16.85 G.00 Q.00 z.20 0.70 0.00 Nineteen 6.59 3.15
Ten -8.33 -3.52
21 Twentyl PQ 1.010/ -16.39 G.00 0.00 17.50 11.20 0.00 Ten -15.67 -10.40
Twencyz -0.34 ~1.71
22 Twentyz PQ 1,010/ -16.40 0.00 0.00 0.00 a.oo 0.00 Ten -7.80 -4.75
Twentyl Q.34 1.71
Tuenty4 6.30 3.7¢
23 Tuenty3 PQ 1.003/ -15.67 0.00 a.qao0 3.20 1,60 0.00 Fifeteen -4,81 -3.19
: . Tvencyd 1.63 1.58
24 Twentvd PQ 0.996/ -15.80 .00 0.08 8.70 6.70 4.30 Twenty2 -6.24 ~3.63
Twenty3 ~1.62 -1.57
Tuentyb -D.95 z.88
25 Tuenty5S PQ 0,989/ -16.30 0.0o0 0.00 0.00D 0.00 0.00 Twentyd D0.97 -2.85
Twentyé 3.60 2.33
. B Twenty? -4,40 0.41
Z6 Twentyé PO 0.971/ -16.76 0.90 0.00 3,50 2.30 0.00 Twentys -3.55 -2.26
27 Twenty? PQ 0,993/ -15.74 Q.00 0.D0 0.00 0.00 0.00 Twentys 4.43 ~0.37
Tuentys -17.67 -2.98
Tuency? §.21 1.67
Thikty 7.14 1.66
28 Twentyg PQ 1,007/ -11.73 0.00 0.00 U.GD D.00 0.00 Tuentyg? 17.67 4.27
"Eight 0.58 -1,63
Six -18.74 ~2.52
29 Twerty9 PQ 0.972/ -17.05 0.00 0.00 2.40 0.590 0.00 Tuenty? -6.12 -1,50
: : : Thirty 3.74 0.59
30 Thirty PQ 0.960/ -18.01 0.00 0.00 10.60 1.90 0.00Q Twenty? -6.97 -1.33
: Tuentyd -3.70 ~0.52

| ======== == == == : wEmams

Totals 294.66 171.53 283.40 125.20 23.30
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Line Losses

Line Loases

Ploss Qloss |
| no. Bus Bus= [ M) [MFAR)
| smu=a=smcssssesisamasssssssSdsE SO SO EE RS SSEnmEsss=====|

1 One Two 5.21 15.58
2 One Three 2.66 10.88
3 Two Four 1.04 3.15
4 Thtee Four Q.75 2.15
5 Two Five 2.85 12.40

3 Two Six 1.56 5.94
7 Four Zix 0.58 2.01
8 Five Seven D.17 0.42
9 Jix Seven D0.38 1.17
10 Six Eight 0.11 0.37
11 3ix Nine 0.00 1.77
12 Six Ten 0.00 1.34
13 Nine Elaven 0.00 1,08
14 Nine Ten 0.00 0.95
15 Four Twelve 0.00 4,37
16 Toelve Thirt=en 0.00 1.03
17 Toalve Fourteen 0.0% 0.15
i8 Twelve Fifeteen n.z1 0.41
19 Toelve Sixteen 0.05 .10
20 Fourteen Fifeteen g.00 c.00
21 Sixteen Seventesn Q.01 p.02
22 Fifeteen Eighteen 0.03 0.07
23 Eighteen Nineteen 0.00 0.01
24 Nineteen Twenty 0.02 0.04
25 Ten Twenty 0.09 0.21
26 Ten Seventeen 0.02 0.05
27 Ten Twentyl 0.12 0.26
28 Ten Tuenty2 0.06 0.12
zZ9 Twentyl Twenty2 0.0a0 0.00
30 Fifeteen Tuentyl 0.03 a.0%
31 Tuency2 Twentyd 0.06 0.as8
az Twencyd Tuenty4 0.a1 0.01
a3 Twentv4 TuentyS5 a.02 0.03
34 Twentys Twentyh 0.05 0.0a7
35 Tumntygs © TwentgT 0,02 0.04
36 Tuwentys Twenty7? 0.00 1.29
37 Twenty? Twanty9 0.09 0.17
38 Twenty? . - Thircty o.17 0.33
39 ' Twenty9 © Thirky: 0.04° 0.07
40 Eight Tuwenty8 D.00 Q.01
41 Fix " Twenty8 0.06 0.21

Done in 32 iterations.
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Comments: The iteration done at 32 iterations. The power flow program can be
executed with IEEE 30 Standard Sample System Test. Therefore, the power flow

program is validated for analyzing others Power Flow System.
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4.2 Results for Case 2

1) Find

a) The voltages at each bus in the power system

b) The real and reactive power flows in each transmission line

Table 5: Bus Voltages at each bus in the power system, solution for a)

Results for Case 2

I ===s=============r==318 Lhformation E=mas== = i s==ms===]ing Infurmatiun:s:u:nnzl
Hus Bus Volca / angle |--Generation--|--—---- Logde=rm- | =~Cap~-| Ta | -=—--Line Flow--—|
no Name Type (pu) {deg) (HW)  (MVAR) (UMW) (HOVAR) (MVAR} Bus [§: 10 {MVAR)
I ==s=m===mmmmam - == I
1 One SL 1.00c/ ¢.00 62.58 44,63 0.Cco 0.00 0.00 Two 26.52 15.76
Four 36.03 24.88
2 Twoc PQ 0.970/ -1.71 0.00 .00 60.00 35.00 0.00 Cne -26.29 ~18.39
Three 15.97 10.10
Five -49,52 —-26.74
3 Three PQ 0.951/ -3.04 0.00 0.00 70.00 40.00 0.00 Two -15.87 -9.54
Five ~54.07 ~30.47
4 Four PQ 0.969/ -1.66 0.00 0.00 80.00 50.00 c.00 One -35.58 -23.07
Five ~44,34 -26.95
5 Five PV 1.000/ 0.14 190.00 123.56 40.00 30.00 6.00 Two 50.13 29.20
’ Three 55.01 35.16
Four 44.88 29.24
i S===z==so====== = == = ====== I
Totals 252.55 166.19 250.00 155.00 0.00
| RTINS |
Table 6: Real and Reactive power flow data, solution for b)
Line Losses
) = - |
| Lina From To Ploaa Qlosas
| no. Bus=s Bus (M) {MVAR)
I . T I G T S S I T O SN B ON R e |
1 One Two 0.23 1.37
] One Four 0.45 i.80
3 TwO Threea 0.0a9 0.57
g Two Five 0.61 Z.46
= Thres Five 0.94 4,69
& Four Five 0.55 2.30
|============c—=—===sc2ae= . ss==s=======c==o=oc
Tocals: 2.85 13.18
| ------- il e e AR R TN Y KT Y R S R N R R S ]
hlerts
' ======ﬂm=mm:ﬁ::==h‘::=================:l==:lm::z|:mmu===ﬂ=='
MONE
Done in 12 iterations.

c) Are any of the bus voltages out of tolerance in the power system?

No bus voltages out of tolerance

d) Are any of the transmission lines overloaded?

No transmission lines overloaded
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2) If transmission line 3 in the previous problem (between busses 2 and 3) is open
circuited for maintenance. Find the bus voltages and transmission line powers in
the power system with the line removed. Are any of the voltages out of tolerance?
Are any of the transmission lines overloaded?

{(Note: refer the power system input data in appendices)
Voltage on bus Three is out of tolerance. Rating on line 4 exceeded: 80.58
MVA >70.00 MVA.
From Table 3 the voltage bus Three is out of tolerance. The voltage bus tolerance can be
calculated by using this formula:

% of Tolerance

— Va!d _Vnew XIOO

old

1.0-0.943
=X
1.0
= 6.6%

While, the rating of power flow on each bus can be calculated as below:

100

Specified bus rating, Sqaeq = X

New bus power, Spew =V

From Table 3, S, can be computed by the addition of the Real, P and Reactive power,
Q for ecach bus:

If y > x, rating of the line is exceeded. For case 1, rating on line 4 (Sraea=70MVA)

exceeded, since we know the bus 3 is out of tolerance. The rating can be computed:

¥ = (=69.95) +(—40.01) = 80.58MV A
80.58MVA > 70MVA .Hence, it can be concluded that the line is overloaded.
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Table 7: Bus Voltages at each bus in the power system for no 2)

| s==========ssc===s2:Bus Information=

Results for Case 2

Bus Bus Volts / angle |[=~-Ganerationw=|——----- Load——--- | ==Cap--| To | -——-Line Flow-—-|
10 . Nawe Type (pu) (decr) (MW) (MVAR) M) (MVAR) {MVAR) Bus (M) {MVAR]) |
|__ —————— ==== == ——————======|
1 Cne SL 1.000/ 0.00 $2.90 38.85 0.00 0.00 0.00 Two 23.61 14,66
Four 39.29 24,18
2 Two PFQ 0.977/ -1.55 0.00 0.00 63.00 35,00 0.00 Cne ~23.45 -13.569
Five -36.146 -21.33
3 Three PQ  0.934/ -4.4D o.o0 0.00 70.00 40.00 0.00 Five ~69.,05 -40,01
4 Four PQ 0.969/ -1.85 a.00 0.00 80.00 50.00 0.00 One -38.79 -22.19
Five -41.14 -27.83
5 Five PV i1.000/ -0.21 190.00 130.78 40.00 30.00 g.00 Tuo 36.80 22,69
Three 71.589 48,20
Four 41,63 29.93
|======== szzszssssmm==s==== == == ==== mRs====== ============= I
Totals 252.90 169.63 25G.00 155.00 0.00
| EEER CLE RS ETET T == == F
Table 8: Real and Reactive power flow data for no 2)
Line Losses
| EEr - - - - |
i Line From To Floss Qlose |
| no. Bus Bua {HU) (MVAR) |
| ]
1 One Two 0.16 g.87
2 One Four C.50 2.00
3 Twe Five 0.34 1.36
4 Three Five 1.64 8.19
5 Four Five 0.50 2.10
|- = = ==
Totals: 3.14 14.53

Alercs

Done in 10 iterations.

ALERT: Voltage on bus Three out of tolarance.
ALERT: Rating con line 4 exceeded: 850.58 MVA > 70.00 HVA
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3) Suppose that a 40-MVAR capacitor bank is added to bus 3 of the power system in
previous problem. What happens to the bus voltages in this power system? What

happens to the apparent powers of the transmission lines? It this situation better or

worse that the one in previous problem no. 27

{(Note: refer the power system data to appendices case 2)

The apparent powers of the transmission lines recover back to the normal

operation. The situation is better than the on in previous problem no. 2.

Table 9: Bus Voltages at each bus in the power system for no 3)

Results for Case 2

| memsmmmsss=ssssass==Byg Informationr sesss=m=ssss=sss===ss=sss======= | ====== =Line Information======
Bug Bus Volts / angle |--Generatigne-|=ee=e= Load=we=m~ | =~Cap——| To {=---Line Flow---
no. Neme Type {pu) (deg) (MW) {MVAR) (KW} (MVAR) {MVAR) Bus [§: L8] (MVAR)
| == ====o=zmcoooosoosooooossoosssssssssssssssSsE T EE RO CCRCCTONRCTNSIRRTTINNSTS SR TR RS RIER ST =
1 One 3L i.080/ 0.00 62.41 38.94 0.00 0.00 0.00 Two 23.38 14.70
Four 39.03 24.24

2 Two PQ 0.977%/ -1.53 0.00 0.00 60.00 35.00 0.00 One -23.22 -13.74
Five -36.71 -21.27

3 Three PQ 0.981/ -4.63 0.00 0.00 70,00 40.00 40.00 Five -69.95 -0.01

4 Four PQ 0.969/ -1.83 0.00 0.0D 80.00 50.00 0.00 One -38.53 =22.26
Five -41.40 -27.76

5 Five PV 1.000/ -0.19 150.00 86,09 40.00 3G.00 0.00 Two 37.05 22.65
Three 71.Q07 5,60

Four 41.90 29.66
w == == ===msmmmmmmssmmmmmseces-e- ==

Totals 252.41 127,03 250.00 155.00 40.00

| S==========a=a=ssossazossanssaasoas === S======= |

Table 10: Real and Reactive power flow data for no 3)

Line Tosses

Three
Four

To Plosas Qloss
Bus (MW} {MVAR)
Tuo 0.16 a.95
Four 0.50 1.98
Five .34 1.38
Five 1.12 5.59
Five G.50 7.12
Totals: 2.62 iz.02

Alerts

Done in 10 iterations.
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4) Assuming that the power system is restored to its original configuration. A new
plant consuming 20MW at 0.95 PF lagging is to be added to bus 4. Will the new
load case any problems for the power system? If the new load will cause
problems, what solution could be recommended?

(Note: refer the power system data to appendices)
It won’t cause any problems when the new load case is added. If the new load
cause problem the solution that could be recommended is by adding the

capacitor bank at bus 4.

Table 11: Bus Voltages at each bus in the power system for no 4)

Results for Case 2

| Bus Informacion == | ===ma== Line Information======|
Bus Bus Volts / engle |--Generation--|------Load--—-- | -—Cap-—1 To | =~~=Line Flow---|
no . Name Type (pu) (ded) (N {MVAR) (HW) [MVAR) (HVAR) Bus {HU) {MVAR)
| == mmEssesssss=== Semam=ss== ==|
1 one SL 1,000/ 0.00 83.08 46.59 0.c0 0.00 0.00 Twe 32.01 18.93
Four 51.07 27.65

2 Two PQ 0,970/ -2.13 c.0o0 C.0Q0 60.00 35.00 0.00 Cne -31.72 -17.20
Three 17.15 9.95

Five -45.30 -27.71

3 Three FQ 0.951/ -~3.57 0.00 0.00 70.00 40.00 0.00 Two -17.05 -9.32
Five -52.90 -30.69

4 Four PQ 0.563/ -2.47 0.00 0.00 100.00 S6.60 C.00 One -80.28 -24.48
Five -49, 65 -32.13

5 Five PV 1.000/ -C.47 190.00 130.31 40.00 30.00 0.0c Two 45.84 29.96
Three 53.81 35.24

Four 50.36 35.15

| =Ee==ss == ==== == =|

Totals 273.08 176.85 270.00 161.60 0.0c
| ============ == sl —— ki ========== =|

Table 12: Real and Reactive power flow data for no 4)

Line Logses

| - - - -o.-. l
| Line From To Plo== Qloss ]
| no. Bus Bus (MU} [MVAR) ¢
l o - 1

1 One Two 0.29 1.73

2 One Four a.79 3.17

3 Two Three 0.10 0.63

4 Two Five 0.54 2.19

S Thras Five 0.91 4.55

6 Four Five Q.72 3.02
| EL T e o —— |

Totals=: 3.35 15.28
| = —s—o—anmmmEmmmmo======
Alerts

I - -mﬂ--ﬂﬂ--n:ﬂ--l---l
NONE
Done in 15 iterations.
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4.3 Findings

The G-S method is also known as the method of successive displacements. By
applying the G-S algorithms to perform the iteration process, it can be seen that the
Gauss-Seidel method needs many iterations to achieve the desired accuracy, and there is
no guarantee for the convergence. There are many types of method for solving
simultaneous nonlinear algebraic equations. Different method gives different values and
performance.

In general, the solution that a nonlinear system of equations converges to depends
on the starting point for the analysis. The closer the starts to the correct answer, the more
likely the equations are to converge to it. A flat start which all busses assumed to be
1£0° is pretty close to the correct answer for most power systems, because power
systems are designed to keep voltage reasonably constant for the user. However,
sometimes with a flat start, the proper answer fails to converge. In that case, it could
possibly on trying different starting conditions to be solved with convergence to the
correct answetr,

Since, some sets of power system equations and starting conditions can iterate
forever without coming to a solution, a good power network analysis program should
include a maximum number of iterations, and should not stop running if that number of
iterations is reached without converging to a solution.

A major advantage of the G-S iterative method is that it is relatively stable and ;
usually results in the right answer. Unfortunately, the method converges to a solution
relatively slowly, requiring a lot of computer time. Fortunately, there are a couple of
simple tricks that can be applied to speed up the convergence process. These tricks are
described below:

1. Applying updated bus voltage values immediately. The first trick is to begin using
the new estimates of bus voltage as soon as they are calculated, instead of waiting

to the beginning of the next iteration to apply them.
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2. Applying acceleration factors. Studies have shown that the GS method moves bus
voltage estimates slowly toward optimum values, with each step tending to be in
the same direction as the previous one. If the difference between the new voltage
estimate and the old voltage estimate is multiplied by an acceleration factor and
added to the old voltage estimate, then in a single step it can jump closer to the
true solution than would possible with the ordinary GS method. Normally, the
acceleration factor must be greater than 1.0 but if it is too high (higher than 2.0), it

will be unstable and convergence will never occur.

Table 13 below is shown the effect of varying the acceleration factor against the number

of iteration for Case I:

Table 13: Effect of varying acceleration factor to the number of iteration

Acceleration Number of
Factor 1teration
1.0 82
1.1 73
1.2 65
1.3 56
1.4 48
1.5 40
1.6 32
1.7 23
1.8 25
1.9 61
2.0 7070
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In addition, speed-ups are possible by using more advanced solution techniques such as
the Newton-Raphson method.

In the Gauss-Seidel method, the updated values of the variables calculated in the
preceding equations are immediately used in the solution of the subsequent equations. At
the end of each iteration stage, the calculated values of all variables are tested against the
previous values. If all changes in the variables are within the specified accuracy, a
solution has converged; otherwise iteration must be performed.

The voltage that was calculated is used in the power_flow program by MATLAB.
The program calculates the voltages and powers at every bus, plus the real and reactive
power flowing on each transmission line. It also provides alerts if any of the bus voltages
are out of tolerance, or if any of the transmission lines are overloaded.

The input data for program is placed in an input file, which can be created using
any available editor. The file must contain three types of lines; a SYSTEM line to define
the system me and base MVA, BUS lines to define the initial voltage estimates and the
power flows at each bus, and LINE lines to define the transmission lines connecting the
various busses together. It may also contain comment lines. Instead of using the
power_flow analysis coding, the own program can be also created to solve the powef

flow equation based on understanding.
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4.4 Discussions

Load busses are busses that supply power to loads and the amount of power
supplied will be whatever the loads demand. The voltage on a load bus in a real power
system will go up and down with changing loads. The load busses have specified values
of P and Q, while V varies with load conditions.

Real generators operate most efficiently when they are running at full load, so
power systems try to keep all but one of a few generators running at 100 percent capacity,
while allowing the remaining generator called the swing generator to handle increases
and decreases in load demand. Thus, most busses with generators attached to them will
be supplying a fixed amount of power and the magnitude of their voltages will be
maintained constant by field circuits of the generators. These generators have specified
values of P and |V|.

Finally, the controls on the swing generator will be adjusted to maintain a
constant power system voltage and frequency, allowing real and reactive power to
increase or decrease as required whenever loads change. The bus that the swing generator
is connected to is called the slack bus.

In reality, there sometimes that the future load conditions for the system are
unacceptable, so there is a need to make a recommendation for changes to solve the
problem. It can be possibly done by many different solutions, such as adding additional
generation and a new bus or adding transmission lines, but these solutions are very
expensive. Before embarking on them, we must be ensuring that there is no cheaper way
to solve the problem.

One possible way to improve the situation is to add capacitor banks to one or
more busses in the power system. Capacitor banks supply reactive power to the system at
the point where they are connected, so that the reactive power does not have to be
supplied by the generators through the transmission lines. This action both reduces the

current flow in the lines and increases the voltage nearby busses.
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CHAPTER 5

CONCLUSION

Power flow studies are an important part of power system analysis which
necessary for planning, economic scheduling and control of an existing system as well as
planning its future expansion.

The analysis of a power system in normal steady-state operation is known as a
power flow study. Power flow studies attempt to determine the voltages, currents, and
real and reactive power flows in a power system under a given set of load conditions.

The power flow study techniques are based on the admittance bus matrix Y.
The busses on a power system are classified as load busses, generator busses and the
slack bus. Real and reactive power flows are specified at load busses, real power and
voltage magnitude are specified at generator busses and both the voltage magnitude and
angle are specified at the slack bus which usually 1.£0° pu.

The voltages in the power system are then solved using G-S iteration method. In
this method, the veltage at each bus is calculated from a knowledge power flows and an
estimate of all the other bus voltages in the system. As long as initial values for bus
voltage are reasonably close to the correct answers, the iteration process will usually
converge to a correct answer. However, since the network system equations are
fundamentally nonlinear, they can converge to erroneous solutions or even fail to

converge at all.
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APPENDICES

APPENDIX CASE 1

30 IEEE Bus Standard Test Syvstem Data

Q

3SYSTEM

SYSTEM 1

ae

name

b

% System data has the form:

aseMVA
100

% Bus data has the form:
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% Transmission line data has the form:

$LINE
LINE
LINE
LINE
LINE
LINE
LINR
LINE
LINE
LINE
LINE
LINE
LINE
LINE
LINE
LINE
LINE
LINE
LINE
LINE
LINE
LINE
LINE
LINE
LINE
LINE
LINE
LINE
LINE
LINE
LINE
LINE
LINE
LINE
LINE
LINE
LINE
LINE
LINE
LINE
LINE
LINE

from
One

One

Two
Three
Two

Two
Four
Five
8ix

Six

Six

Six
Nine
Nine
Four
Twelve
Twelve
Twelve
Twelve
Fourteen
Sixteen
Fifteen
Eighteen
Nineteen
Ten

Ten

Ten

Ten
Twentyl
Fiftean
Twenty2
Twenty3
Twentyd
Twentyb
Twentybd
Twenty8
Twenty7
Twenty7
Twenty9
Eight
5ix

to
Two
Three
Four
Four
Five
Six
Six
Seven
Seven
Eight
Nine
Ten
Eleven
Ten
Twelve
Thirteen
Fourteen
Fifteen
Sixteen
Fifteen
Seventesn
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Nineteen
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. Twenty$8
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SO0 0000000000000 C OO0 C o000 000C OO0 0D0O00C OO

Rse
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.0000
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Xse

.0575
.1852
L1737
.0379
.1983
L1763
.0414
.1160
.0820
L0420
.2080
.5560
.2080
L1100
.2560
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.1304
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.2000
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1) Power System Data

Power System Data

File describing the base case for the power system of

APPENDIX CASE 2

% System data has the form:

$SYSTEM
SYSTEM

name

2

% Bus data has the form:
%BUS name

BUS One
BUS Two
BUS Thr
BUS Fou

ee
r

BUS Five

o o

5 Trans
SLINE
LINE
LINE
LINE
LINE
LINE
LINE

mission
from

Cne

One

Two

Two

Three

Four

type
SL
PO
PQ
PQ
PV

= e

vol

.00
.00
.Q0
.00
.00

baseMVA
100

ts Pgen

0
0
0
0
190

Voltage Tolerance

Qgen

line data has the form:

to
Two
Four
Thre
Five
Five
Five

2) Power System Data

% File describing the
% System data has the

$SYSTEM
SYSTEM

name

2

=]

oo oo oo

base case for the power system of

Rse

L0210
.0235
. 0250
.0180
L0220
L0180

form:

% Bus data has the form:
$BUS name

BUS One
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BUS Thr
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r
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baseMVA
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e e e
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% Transmissicon line data has the form:

FLINE from to Rse Xse
LINE One Two 0.0210 0.1250
LINE One Four 0.0235 0.0%40
5LINE Two Three 0.0250 0.1500
%open circuit for maintenance

LINE Two Five 0.0180 0.0730
LINE Three Five 0.0220 0.1100
LINE Four Five 0.0190 0.0800
3) Power System Data

% File describing the base case for the power system of

% System data has the form:

Gsh
.000
.000

0.000Q

o O

0.000
.000
0.000

(=)

B

o O

[

sh

.0C0
. 000
.000

.000
.000
. 000

FSYSTEM name baseMVA Voltage Tolerance

SYSTEM 2 100

%

% Bus data has the form:

$BUS name type wolts Pgen Qgen
BUS One SL 1.00 0 0
BUS Two PQ 1.00 0 0
BUS Three PO 1.00 0 0
$adding 40MVAR at Bus 3

BUS Four PQ 1.00 0 Q
BUS Five PV 1.00 180 0

%

]

% Transmission line data has the form:

FLINE from to Rse Xse

LINE One Two 0.0210 0.1250
LINE One Four 0.0235 0.09%40
ELINE Two Three 0.0250 0.1500

$open circuit for maintenance

LINE Two Five 0.018C 0.0730
LINE Three Five 0.0220 0.1100
LINE Four Five 0.0190 0.0800

4) Power System Data

% File describing the base case for the power system of

% System data has the form:

0.05

Rating (MVA)
50
100
50

100
70
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Pload Qlcad Qcap

0
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. 000
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[an)
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o
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]
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sh
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.000

%SYSTEM name baseMVA Voltage Tolerance

SYSTEM 2 100

[

o

% Bus data has the form:

%BUS name type wvolts Pgen Qgen
BUS One SL 1.00 0 0
BUS Two PQ 1.00 0 0
BUS Three PO 1.00 0 0
BUS Four PQ 1.00 0 0
BUS Five PV 1.00 190 0
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Q

LINE
LINE
LINE
LINE
LINE
LINE

% Transmission
$LINE

from
One
One
Two
Two
Three
Four

line data has the form:

to
Two
Four
Three
Five
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Rse

0.0210
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0.
0
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OO0 OO0 o
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