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ABSTRACT

This Power System Analysis toolbox by using MATLAB GUI has been
developed by the author to assist in typical Power System Analysis. The one of the
objectives of this project is to develop an educational toolbox for Electrical Power
System students and lecturers in order to solve some of Power System problems such as
Power Flow Analysis, Fault Analysis, Optimal Dispatch of Power Generation, and
lastly is, Steady State and Transient Stability Analysis. All this kinds of problems
consists of various methods of mathematical calculation which is difficult to perform by
using manual calculation (formula and calculator). The existence of this educational
toolbox will help the user to calculate the calculation become more faster and easier.
This educational toolbox was developed by using MATLAB 7.1 software (M-File and
Graphical User Interface). MATLAB, with its extensive numerical resources, can be
used to obtain numerical solutions that involve various types of vector-matrix
operations. This Power System educational toolbox allows the user especially students

to analyze and design power systems without having a lot of calculation.



CHAPTER 1

INTRODUCTION

1.1 Overview

Power System Analysis is an analysis that is so important nowadays. It is not
only important in economic scheduling, but also necessary for planning and operation
for a system. Based on that, in recently years, there are many researches, new
developments and analysis was introduced to people in order to mitigate the problems
that involving Power System Analysis such as Load Flow Analysis, Fault Analysis,
Stability Analysis and Optimal Dispatch on Power Generation.

i) Load Flow Analysis is important to analyze any planning for power
system improvement under steady state conditions such as to build new
power generation capacity, new transmission lines in the case of
additional or increasing of loads, to plan and design the future expansion
of power systems as well as in determining the best operation of existing

systems.

i) Fault Analysis is important to determine the magnitude of voltages and

line currents during the occurrence of various types of fault.



iii) Stability Analysis is necessary for reliable operation of power systems to

keep synchronism after minor and major disturbances.

iv) Optimal Dispatch is to find real and reactive power to power plants to

meet load demand as well as minimize the operation cost.

All the analysis discussed above is an importance tool involving numerical
analysis that applied to a power system. In this analysis, there is no known analytical
method to solve the problem because it depends on iterative technique. Iterative
technique is one of the analysis that using a lot of mathematical calculations which takes
a lot of times to perform by hand. So, to solve the problems, the development of this
toolbox based on MATLAB 7.1 with Graphical User Interface (GUI) will help the
analysis become quick and easy.

Over the past decade, a few versions of educational software packages using
advanced programming languages such as C, Borland C++, Pascal or Fortran have been
developed for power engineering curriculums. But, the author chose MATLAB 7.1 with
GUI to develop this software since most of the students are familiar with MATLAB. In
addition to that, MATLAB is a matrix-based software package, which makes it ideal for
Power System Analysis. MATLAB, with its extensive numerical resources, can be used

to obtain numerical solutions that involve various types of vector-matrix operations.



1.2  Objectives

The main objectives that the author wants to be achieved in this project are:

)} To develop an educational toolbox in order to solve Power System
Analysis problems.

i) To obtain simulation and analysis by using MATLAB GUI

1.3 Scope of Project

In this project, the author will focused on:

) Study the theory of Power System Analysis that involves Load Flow
Analysis, Fault Analysis, Stability Analysis and Optimal Dispatch of
Power Generation.

i) This project will concentrates on MATLAB 7.1 programming with
Graphical User Interface (GUI).

i) To perform simulation of Load Flow Analysis, Fault Analysis, Stability

Analysis and Optimal Dispatch of Power Generation.



CHAPTER 2

LITERATURE REVIEW

The literature review will be divided into two parts. The first one is, the author
will discuss on the theory of Load Flow, Fault Analysis, Stability Analysis and Optimal
Dispatch of Power Generation meanwhile for second one is, on Graphical User
Interface (GUI) that build MATLAB Software.

2.1 Load Flow Analysis

Power flow studies are the backbone for power system analysis and design.
They are necessary for planning, operation, economic scheduling and exchange of
power between utilities. Power flow analysis is required for many other analyses such
as fault analysis, transient stability studies and contingency studies [1].

There are THREE methods that can be used to solve power flow analysis. The
methods are Gauss-Seidel Method, Newton-Raphson method, and Fast Decoupled
method.



i)

Gauss-Seidel Method

Gauss-Seidel method is a technique used to solve a linear system of
equations. The method is named after the German mathematicians Carl
Friedrich Gauss and Philipp Ludwig von Seidel. The method is an improved
version of the Jacobi method. It is defined on matrices with non-zero diagonals,
but convergence is only guaranteed if the matrix is either diagonally dominant or

symmetric and positive definite [2].

Newton-Raphson method

In numerical analysis, Newton's method (also known as the Newton—
Raphson method or the Newton—Fourier method) is perhaps the best known
method for finding successively better approximations to the zeros (or roots) of
a real-valued function. Newton's method can often converge remarkably
quickly, especially if the iteration begins "sufficiently near" the desired root. Just
how near "sufficiently near" needs to be and just how quickly "remarkably
quickly" can be depends on the problem, as is discussed in detail below.
Unfortunately, far from the desired root, Newton's method can easily lead an
unwary user astray with little warning. Thus, good implementations of the
method embed it in a routine that also detects and perhaps overcomes possible

convergence failures [3].

The Jacobian matrix is the matrix of all first-order partial derivatives of a
vector-valued function. Its importance lies in the fact that it represents the best
linear approximation to a differentiable function near a given point. In this
sense, the Jacobian is akin to a derivative of a multivariate function. For n > 1,
the derivative of a numerical function must be matrix-valued, or a partial

derivative [4].
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iii)  Fast decoupled method

The Fast decoupled power flow solution requires more iterations than the
Newton-Raphson method, but requires considerably less time per iteration and
a power flow solution is obtained rapidly. This technique is very useful in

contingency analysis where numerous outages are to be simulated or a power

S —
CORRECTION S

flow solution is required for on-line control [1].

For large scale power system, usually the transmission lines have a very high

zero [5].

We are then left with two separated systems of equations

Ap

2

Ap

n

[ap ]
| |
| |
| |
| |
| |
| |
N
| |
™
| AQ, |
I

—

MISMATCHES

(2.1)

X/R ratio. For such a system, real power changes Ap are less sensitive to changes in
voltage magnitude and are most sensitive to changes in phase angleAd . Similarly,
reactive power is less sensitive to changes in angle and most sensitive on changes in
voltage magnitude. Incorporate of these approximations into the Jacobian matrix in

Newton-Raphson power flow solution makes the elements of the submatrices J;, and J,;



(2.2)

(2.3)




2.2  Fault Analysis

There are two types of fault that is occur in power system network which are [1]

a) Three phase balanced faults
b) Unbalance faults

Different types of unbalanced faults are [5]:
a) Single line to ground faults
b) Line to line faults

c) Double line to ground faults

The types of fault can be seen in Figure 2.1 below [1]

A) Single line to ground fault B) line to line fault

1

C) Double line to ground fault D) Balance three phase fault (to

ground)

F) Single line to ground fault (through
E) Balance three phase fault Resistance)

I

Figure 2.1  Types of Fault



Fault studies are very important in power system analysis. The problem consists of
determining bus voltage and line currents during various types of faults. The

information gained from fault studies are used for [1]:

a) Proper selection of circuit breaker.

b) Determination of relay setting and coordination which control the circuit
breakers.

c) Select and set phase relays (for 3 phase balance fault) and ground relays
(for line to ground fault).

d) Obtain the rating of protective switchgears

2.2.1 Balanced Three Phase Fault

This type of fault is defined as the simultaneous short circuit across all three
phases. It occurs infrequently, but it is the most severy type of fault encountered.
Because the network is balanced, it is solved on a per phase basis. The other phases
carry identical current except for the phase shift [1].

2.2.2 Unbalanced Fault

The Figure 2.2, Figure 2.3, and Figure 2.4 below will illustrate about single line
to ground fault, line to line fault, and double line to ground fault [1].
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Figure 2.2  Single Line to Ground Fault

1”— -

Figure 2.3  Line to Line Fault

Figure 2.4  Double Line to Ground Fault
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2.3.1 Stability Analysis

Stability is the ability of the power system to retain stable in normal operation
after having endured some form of disturbance. Stability is conducted at planning level
when new generating and transmitting facilities are developed. The studies are needed in
determining the relaying system needed, critical fault clearing time of circuit breaker,
critical clearing angle, auto reclosing time t., voltage level and transfer capability
between system. When the power system loss stability, the machines will lose
synchronization and it will no longer working at synchronous speed. This will lead to
power, voltage and current to oscillate drastically. It can cause damage to the loads

which receive electric supply from the instable system [1].

2.3.1 Steady-State Stability

Steady-State Stability is the ability of a system to remain synchronism after

small and slow disturbances [5].

2.3.2 Transient State Stability

Transient State Stability is the ability of the power system to maintain in stability
after large, major and sudden disturbances. For example are, occurrence of faults,
sudden load changes, loss of generating unit, line switching. The transient stability
studies involve the determination of whether or not synchronism is maintained after the

machine has been subjected to severe disturbance [1]. Types of disturbances [5]:

1) Sudden application of load/sudden load changing
i) Loss of generation

iii) Fault on the system
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2.3.3 Equal Area Criterion

A method known as equal area criterion can be used for a quick prediction of
stability after the machine has been subjected to severe disturbance. For example is

sudden change of load.

Lets consider the machine operating at equilibrium point,d0 , with mechanical
power equal to electrical power, or Pmo=Peo, as shown in Figure 2.5 [1].

P
A
I
| Pe= Ppax Sin &
Pml |
I
I
I
I
I
Pmo |
I
I
» O
0 Lo Omax  90° 180°

Figure 2.5  Equal area criterion: sudden change of load

Consider a sudden increase in input power (mechanical power) from Ppg to Ppmys.
Since Pm1 > Pe, the accelerating power of the rotor is positive and the power angle 6

increases. The excess energy stored in the rotor during the initial acceleration is
)
L P ~P dd=areaA, (2.4)

With increase in 9, the electrical power is increases, and when 6 = 44, electrical
power is equal to the new power input, Pm;. At this point, the accelerating power is zero
but the rotor still running above synchronous speed. Hence, & and electrical power P
will continue to increase. Now Pp; < Pe, causing the rotor is decelerating towards
synchronous speed until 6= dmax. The energy given up by rotor as it decelerates back

towards synchronous speed is
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dd =area A, (2.5)

The power system maintain its stability if |[Area A1 = Area A2|. This is known as
the equal area criterion. The rotor angle will then oscillate back and forth between 60

and dmax at its natural frequency [5].

At A1 = Az,

S5
Al—AZI.[Smax Pmlkpe d§:0 (2'6)
The critical clearing angle, dc, is reached when dmax, is at intersection of Pm
and Pe. The circuit breaker must open the faulted line before 6 reached the critical
clearing angle, dc. The time for power angle reach the critical clearing angle is called

critical clearing time [5].

Critical clearing angle, 6c is give by:

P > 2.7

Critical clearing time, tc is give by

oH € — o5
t — C o
© 7Tf P (2.8)

o m
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2.4  Optimal Dispatch of Power Generation

Power Flow solution provided the voltage phase angle and the reactive power
generation. In the practical power system, power plants are not at the same distance
from the centre of load and their fuel costs are different. Also, under normal operating
condition the generation capacity is more than the total load demand and losses. Thus
there are many option for scheduling generation. In an interconnected power system, the
objective is to find the real and reactive power scheduling of each power plant in such a
way as to minimize the operating cost. This means that generator’s real and reactive
power are allowed to vary within certain limits so as to meet a particular load demand

with minimum fuel cost. This is called the Optimal Power Flow (OPF) problem [5].

The OPF is used to optimize the power flow solution large scale power system.
This is done by minimizing selected objective functions while maintaining an acceptable
system performance in terms of generator capability limits and the output of the
compensating devices. The objective function, also known as cost function, may present

economic costs, and system security [5] .

Lets say, there is a system like Figure 2.6 that consists of N thermal-generating
units connected to a single bus-bar serving a received electrical load Pioaq. The input to
each unit, shown as F;, represents the cost rate of the unit. The total cost rate of this
system is, of course, the sum of the costs of each of the individual units. The essential
constraint on the operation of this system is that the sum of the output powers must

equal to the load demand [6].

Fr | P,

: | |

F, ,

1 | I I::'Ioad
- | N Oi—p
Fn | PN

Figure 2.6 N thermal units committed to serve a load of Pgaq
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2.4.1 Economic Dispatch with Generator Limits

The output power for any generator should not be exceed its rating or be below
the value for stable boiler operation. Thus the generators must have a minimum and
maximum real power output limits. But the problem is to find the real power generation
for each plant such that cost are minimized, subject to Meeting load demand (equality
constraints) and Constrained by the generator limits (inequality constraints) [5].

The Kuhn-Tucker condition

dC. /dP =A <« P

f(min)

dC./dP <A <« P=P

flrmax)

ﬂrCfﬁFP = /:i‘. <« P - R[[nin] (2 9)

< P <P

frmax)

2.4.2 Economic Dispatch including Losses

For large interconnected system where power is transmitted over long distances
with low load density areas, transmission line losses are a major factor and affect the
optimum dispatch of generation. One common practice for including the effect of
transmission losses is to express the total transmission loss as a quadratic function of the

generator power outputs [5]. The simplest quadratic form is
”x‘."'i ”x:"'i
P=%375,>
i=l j=1

If Kron’s loss formula be used, the equation is

(2.10)

P, =Y PB,P,+ > By,P,+By (2.11)

i=1 j=I J=1
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2.5 GRAPHICAL USER INTERFACE

Graphical User Interface (GUI) is a type of user interface which allows people
to interact with a computer and computer-controlled devices. As opposed to traditional
interface, it presents graphical icons, visual indicators or special graphical elements
called "widgets". Often the icons are used in conjunction with text, labels or text
navigation to fully represent the information and actions available to a user. But instead
of offering only text menus, or requiring typed commands, the actions are usually

performed through direct manipulation of the graphical elements [7].

A graphical user interface (GUI) is a pictorial interface to a program. A good
GUI can make programs easier to use by providing them with a consistent appearance
and with intuitive controls like pushbuttons, list boxes, sliders, menus, and so forth. The
GUI should behave in an understandable and predictable manner, so that a user knows
what to expect when he or she performs an action. For example, when a mouse click
occurs on a pushbutton, the GUI should initiate the action described on the label of the
button. This chapter introduces the basic elements of the MATLAB GUIs. The chapter
does not contain a complete description of components or GUI features, but it does

provide the basics required to create functional GUIs for your program [8].

A graphical user interface provides the user with a familiar environment in
which to work. This environment contains pushbuttons, toggle buttons, lists, menus,
text boxes, and so forth, all of which are already familiar to the user, so that he or she
can concentrate on using the application rather than on the mechanics involved in doing
things. However, GUIs are harder for the programmer because a GUI-based program
must be prepared for mouse clicks (or possibly keyboard input) for any GUI element at
any time. Such inputs are known as events, and a program that responds to events is
said to be event driven. The three principal elements required to create a MATLAB

Graphical User Interface are [8]:



i)
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Components.

Each item on a MATLAB GUI (pushbuttons, labels, edit boxes, etc.) is a
graphical component. The types of components include graphical controls
(pushbuttons, edit boxes, lists, sliders, etc.), static elements (frames and text
strings), menus, and axes. Graphical controls and static elements are created
by the function uicontrol, and menus are created by the functions uimenu
and uicontextmenu. Axes, which are used to display graphical data, are

created by the function axes.

Figures.

The components of a GUI must be arranged within a figure, which is
window on the computer screen. In the past, figures have been created
automatically whenever we have plotted data. However, empty figures can
be created with the function figure and can be used to hold any combination

of components.

Callbacks.

Finally, there must be some way to perform an action if a user clicks a
mouse on a button or types information on a keyboard. A mouse click or a
key press is an event, and the MATLAB program must respond to each
event if the program is to perform its function. For example, if a user clicks
on a button, that event must cause the MATLAB code that implements the
function of the button to be executed. The code executed in response to an
event is known as a call back. There must be a callback to implement the
function of each graphical component on the GUI. The basic GUI elements

are summarized in Table 2.1.



18

Table 2.1 : Basic GUI Components

Table 10.1 Some Basic GUI Components

— Description

Element Created By
Graphical Controls

Pushbutton uicontrol
Toggle button uicontrol
Radio button uicontrol
Check box uicontrol
Edit box uicontrol
List box uicontrol
Popup menus uicontrol
Slider uicontrol

Static Elements

A graphical component that implements a pushbutton. It triggers a
callback when clicked with a mouse.

A graphical component that implements a toggle button. A toggle
button is either “on™ or “off,” and it changes state each time that it
is clicked. Each mouse button click also triggers a callback.

A radio button is a type of toggle button that appears as a small
circle with a dot in the middle when it is “on.” Groups of radio

buttons are used to implement mutually exclusive choices. Each
mouse click on a radio button triggers a callback.

A check box is a type of toggle button that appears as a small
square with a check mark in it when it is “on.” Each mouse click
on a check box triggers a callback.

An cdit box displays a tcxt string and allows the uscr to modify
thc information displaycd. A callback is triggered when the user
presses the Entcr key.

A list box is a graphical control that displays a series of text
strings. A user can select one of the text strings by single- or
double-clicking on it. A callback is triggered when the user selects
a string.

A popup menu is a graphical control that displays a series of text
strings in response to a mouse click. When the popup menu is not
clicked on, only the currently selected string is visible.

A slider is a graphical control to adjust a value in a smooth,
continuous fashion by dragging the control with a mouse. Each
slider change triggers a callback.

Frame uicontrol Creates a frame, which is a rectangular box within a figure. Frames
are used to group sets of controls together. Frames never trigger
callbacks.

Text field uicontrol Creates a label, which is a text string located at a point on the
figure. Text fields never trigger callbacks.

Menus and Axes

Menu items uimenu Creates a menu item. Menu items trigger a callback when a mouse

Context menus uicontextmenu

Axes axes

button is released over them.

Creates a context menu, which is a menu that appears over a graph-
ical object when a user right-clicks the mouse on that object.

Creates a new set of axes to display data on. Axes never trigger
callbacks.
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CHAPTER 3

METHODOLOGY

3.1 Introduction

On this chapter, it will discuss on the methodology of this project. It will
describe on how this project is conducted and also the steps that will be followed in
order to complete the project. This methodology will be separated into TWO parts,

which are flow chart of this project and development of GUI software.

3.2 Flow Chart of Project

The flow chart of the project can be seen in Figure 3.1
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Study Case of
Power System Analysis
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Load Flow Fault Stability Optimal
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A
Learn and Study about Matlab

7.1 Software using GUI
|
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Chapter 1 & 2 l

Identify the right command to

build proaram
|

y v
Start Thesis Simulation & Analysis
Chapter 3
Analysis
OK?

Propose to Supervisor

y v
Final Thesis Presentation
Chapter 4 & 5 v

N Send Thesis to Faculty

Figure 3.1  Flow Chart Project
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3.3 GUI Development

GUIDE, the MATLAB Graphical User Interface development environment,
provides a set of tools for creating graphical user interfaces (GUIs). Usually, GUI
will give the user to design their own layout of a program. In this section, we will

discuss about the development in GUI on how this project be conducted.

3.3.1 Creating Graphical User Interfaces (GUIs)

To start GUIDE, enter guide at Matlab prompt. The display of GUIDE Quick
Start dialog, is shown in Figure 3.2

GUIDE Quick Start x|

Create Mew GUI Open Existing GUI

GUIDE templates — Preview
<\ Blank GUI (Defaulty

o\ GUIwith Uicontrals

. GUIwith Axes and Menu
<\ Modal Question Dialog

BLANK
Il ID:IWUrleUIDEIuntitled.ﬂg BIowse... |

(0134 I Cancel | Help |
Figure 3.2 Main Page of GUI

From the Quick Start dialog, user can create a new GUI from one of the
GUIDE templates or open an existing GUI. The Create New GUI part will be used to
create a new GUI program and after select the option, click OK. The result should be

appear as shown in Figure 3.3.
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=
=
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los]
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Figure 3.3 Layout Area of GUI

The Open Existing GUI is used to callback the previous project that we
have saved before.

3.3.2 Layout the GUI

Using the GUIDE Layout Editor, the user can lay out a GUI easily by
clicking and dragging GUI component such as panels, buttons, text fields, sliders,

menus, and so on into the layout area. All of this component palette have their own
function in GUI.
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Alignment Tool Menu Editor ~ Tab Order Editor ~ M-file Editor Property Inspector Object Browser

Undo

" untiticd fig

Flo Edi vew Tovay Toos Pk, N Y & 4
D@l 3 [ & E| Y~
| b et =

Push Button

-

Redo — T

= Slider

@ Radio Button
B Check Box
el Edlit Tex

T Static Text

Layout Area

=3 Pop-up Menu

Component < =l Listhax

Palette & Toggle Button

}xﬁAxes

|%] Panel

8] Button G roup
X Activel Control

Figure 3.4 GUI Page

3.3.2.1 Component Palette

Table 3.1 : Name and Function of Component Palette

Name of Component Function
Push buttons will generate an action when
Push Button clicked. For example, an OK button might close

a dialog box and apply settings. By clicking the
push button, it will appears depressed and by
releasing the mouse, the button appears raised
and its callback executes.

Toggle buttons will generate an action and
indicate whether they are turned on or off. When
Toggle Button toggle button is click, it appears depressed,
showing that it is on but when mouse button is
release, the toggle button's callback will
executes. However, unlike a push button, the
toggle button remains depressed until the toggle
button click at the second time.

Radio buttons are similar to check boxes, but are
Radio Button typically mutually exclusive within a group of
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related radio buttons. That’s mean, only one
button can be select at any given time. To
activate a radio button, click the mouse button on
the object. The display indicates the state of the
button.

Check Box

Check boxes generate an action when checked
and indicate their state as checked or not
checked. Check boxes are useful when providing
the user with a number of independent choices
that set a mode, for example, displaying a toolbar
or generating callback function prototypes.

Edit Text

Edit text controls are fields that enable users to
enter or modify text strings. Edit text is use when
the input is a text. The String property contains
the text entered by the user. The -callback
executes when Enter is press for a single-line
edit text, Ctl+Enter for a multi-line edit text, or
the focus moves away.

Static Text

Static text controls display lines of text. Static
text is typically used to label other controls,
provide directions to the user, or indicate values
associated with a slider. Static text cannot
change interactively and there is no way to
invoke the callback routine associated with it.

Slider

Sliders accept numeric input within a specific
range by enabling the user to move a sliding bar,
which is called a slider or thumb. Users move the
slider by pressing the mouse button and dragging
the slider, by clicking in the trough, or by
clicking an arrow. The location of the slider
indicates a percentage of the specified range.

List Box

List boxes display a list of items and enable users
to select one or more items.

Pop-Up Menu

Pop-up menus open to display a list of choices
when users click the arrow.

AXes

Axes will able GUI to display graphics (e.g.,
graphs and images). Like all graphics objects,
axes have properties that can be set to control
many aspects of its behavior and appearance.

Panel

Panels group GUI components. Panels can make
a user interface easier to understand by visually
grouping related controls. A panel can have a
title and various borders. Panel children can be
panels and button groups as well as axes and user
interface controls. The position of each
component within a panel is interpreted relative
to the panel.
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Button Group Button groups are like panels but can be used to
manage exclusive selection behavior for radio
buttons and toggle buttons.

For radio buttons and toggle buttons that are
managed by a button group, the code must be
include to control them in the button group's
Selection ChangeFcn callback function, not in
the individual uicontrol Callback functions. A
button group overwrites the Callback properties
of radio buttons and toggle buttons that it
manages.

ActiveX Component ActiveX components enable you to display
ActiveX controls in your GUI. See Adding an
ActiveX Control to a GUI for more information
and an example. Only figures can have child
ActiveX components. Panels and button groups
cannot.

ActiveX components are available only on the
Microsoft Windows platform.

3.3.3  Property Inspector

To set the properties of each GUI component, the Property Inspector from
the View menu is chosen to display the Property Inspector dialog box. When the
component in the Layout Editor is chosen, the Property Inspector will displays that
component's properties. If no component is selected, the Property Inspector displays

the properties of the GUI figure.
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Figure 3.5 Property Inspector

The Property Inspector is used to give each component a name and to set the
characteristics of each component such as color, name, font size, font name, tag and
others.

3.4 Program the GUI

GUIDE automatically generates an M-file that controls how the GUI
operates. The M-file initializes the GUI and contains a framework for all the GUI

callbacks -- the commands that are executed when a user clicks a GUI component.



27

B Editor - D:'Work',GUIDE",simple_gui.m T [ ] |
File Edit Text Cell Tools Debug Desktop wWindow Help A X
D W =B | S| és BRBREE - 8080
4z — gui_mainfen (gui_State, varargin{:}); ;I
43 — end

44 % End initialization code - Do NOT EDIT

45

46

47 % ——— Executes just before simple guili is made wvisible.

435 I:Eunc:tian Simple gui OpeningFonihobject, eventdata, handles, varargin)

49 % This function has no output args, sSee JutputFon.

50 % hibject handle to figure

51 % ewventdats reserved - to he defined in a& future wersion of MATLAEB

5z % handlesz structure with handles and user data (see GUIDALTAL)

53 L warardgin command line arguments o Simple gul (see VARARGIN)

54 =
s phonnaintante e e oo son cimois _>|_I

|Simp|e_cquiISimpIe_cqui_Openinchn|Ln 45 Cal 1 |OVR o

Figure 3.6 M.file Example

Figure 3.6 was the example of M.file that is generated when the complete
layout has been designed and saved. By using M.file, the behavior of the GUI can be
programmed by several code or function. This code will be programmed to give

responsed for component palette that has been designed in the Layout area.

The programming M.file was the most difficult part in developing GUI

because it need an extra reading on the coding before GUI can be performed.

35 Problem Simulation

For simulation of Power System Analysis using MATLAB 7.1, it will be
discuss on:

)] Optimal Dispatch of Power Generation Software Package
Using MATLAB

i) Toolbox for Power System Fault Analysis using MATLAB

iii) Power Flow Analysis Software using MATLAB

iv) Steady-state and Transient Stability Analysis with MATLAB
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After laying out the GUI component and set the property, the GUI will be
look like in Figure 3.7.

B mEE

POWER SYSTEM ANALY SIS
PRO EVOLUTION

Figure 3.7 Layout for Compilation Project using MATLAB.

In the Figure 3.7, there are only 2 component that be used. There are:

a) Static text that use to display Power System Analysis Pro Evolution,
About This Program, Power Flow Analysis, Fault Analysis, Stability
Analysis and Optimal Dispatch.

b) Push button that use to RUN and EXIT the program. By clicking on the
RUN button, this program will execute depend on type of analysis that are
be chosen. If the EXIT button is click, this window will close and bring
back to MATLAB main window.

The example of the M.file that is generated from the GUI window s shown in Figure
3.8.



Editors Gl pcumentssand iSetiingsiabaniiraMieskiopisAems j ja

File Edit Text Cel Tools Debug Desktop ‘wWindow Help N AN
DEE {fBRR oo & #F 88 856 R8stk HOAB SO
72 - set (gca,'wvisikhle!','off') b=
73
74 - axesihandles.axes3)
75 - [#,.mwap]=iwread('tower','Jpg');
T6 - dimage (®)
77 - set lgca,'visihle','off')
78
79 % ——— ODutputs from this function are returned to the command line.
50 function varargout = P3A OutputFon(hChject, eventdata, handles)
g1 - warargout{l} = handles.output;
Sz
53 % ——— Executes on button press in pushbuttonl.
54 function pushbuttonl CallbackihCbhject, eventdata, handles)
85 - figure(shoutdefinition)
=13
g7 % ——— Executes on button press in pushbhutton .
=1=] function pushbuttonz Callback (hChject, ewventdats, handles)
89 - figure(wmain menu) -
a0
a1 % === Executes on button press in pushbuttoni.
Qz function pushbuttoni Callback(hCbject, eventdata, handles)
93 % hChject handle to pushbutton3 [(see GCZED)
94 % eventdata rezerved - to be defined in a future wversion of MATLAER
PSA §pushbutton2 Callbhack Ln 88 Col 58

Figure 3.8 M.file Program

Figure 3.8 is shows the example of M.file that be generated when the

completed layout like in Figure 3.7 have been saved. Using the M.file, the behavior

of the GUI can be programmed by several codes. This code will controls on how the

GUI respond to events such as push button, slider, menu item selection, or the

creation and deletion of component. This programming takes the form of set of

functions, called callbacks, for each component and for the GUI itself.

All of the result about this project will be described at Chapter 4.



CHAPTER 4

RESULTS AND DISCUSSIONS
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4.1 User Guide On How To Start Power System Analysis Pro Evolution Toolbox

Power System Analysis Educational Toolbox will provide four (4) module
which are, Power Flow Analysis, Fault Analysis, Stability Analysis and lastly, Optimal
Dispatch of Power Generation. Each of analysis is built with examples and tutorial to

help user on how to use this Pro Evolution toolbox.

Power System Analysis

v v v

'

Power Flow Fault Stability Optimal
Analysis Analysis Analysis Dispatch
A\ 4
Definition Run Tutorial & Run
Example Program
A 4
> Exit <

Figure 4.1  Flow Chart of Power System Analysis Educational Toolbox
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To use the software, the user must install MATLAB 7.1 software in computer.
Then, user can click on MATLAB 7.1 software icon at the desktop or the user can find it

in Start program. The window will appear like this:

- L MATILAB =3
File Edit Debug Deskbop ‘Window Help
D@ & BEEo o |8l B 2| cromamFiesMarLaswork J
Shartcuts (7] How to Add [£] What's New

2 X 7 X
»
AE®BRE W

To get started, select MATLAE Help or Demos from the Help menu.

Mame: | alue e

b

|
Current Directory | workspace

beple

g

%= 10/14/058 12:258 AN --%
“power

5= 10/14/08 2:31 PM --%
% power

eguide

5-— 10/18/08 10:38 PM —-5%

|

Figure 4.2  Main Window of MATLAB 7.1 Software

All the work that is done by the author has been compiled in a folder named as
Power. This folder had be located at C:\Program FilesS\MATLAB71\Power. The user
must ensure that all the folders is located in drive C in MATLAB 7.1 file folder. If not,

the user may have problems to run this program. Error will appear if it saved in different
drive and location.

Then, the “Add Path” icon is chosen in order to add the project file in Matlab
folder. The step is shown in Figure 4.3.
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LLTEAE

- [BX]

Edt Debug Deskiop Window Help

-

Mew

B ‘ 7 | |cu:rogram Files MATLABT work

Fnls!

Open. .. Chrl+0

Close Command Window

Import Data. ..
»

Save workspace As... Chrl+5

Preferences. ..

Page Setup...
Print...
Print Selection...

1...data andline data. txt

2 O\ relGenerakor_Data.m
3 Cilkalresult_simplel.m

4 Ci\,..maiDataltestcasel.m

Exit MATLAB g |*
o powver
G-%—- 10/14/05 2:31 PN —-%

~power

~guide
%-—— 10/18/08 10:38 PM —-%
%—— 10/15/08 10:47 PM --% g

All changes take effect immedistely.

To get started, select MATLLE Help or Dewos from the Help menu.

pd

MATLAE search path:

[ Adld Folder... |

B8 C:\Program Files

rk

[ Add with Subfolders .. |

(23 Ch\Pragram Files\MATLABT 1taolboximatlabiger
[ C:h\Pragram Files\MATLABT 1taolboximatlabiaps
(23 C:\Program Files\WATLAB? T\toolboximatlabilan

Al Command Window 2 X

OVR .

23 C:3Pragram Files\hAT,

e (3 C-\Program Files\maT) Bioss Fur Fulids
Move Up (3 C\Program Files\WMAT  add Folder o Path
22 C:AProgram FilesihiAT)
22 C:AProgram FilesihiAT)
(23 C\Program Files\MAT ® ) jhelp =]
(3 C:\Pragram Files\MAT # (3 noteback
(23 C:\Program Files\MAT = @ Power
- [C3) azuan -
I_.¥ L) Faultpra v1.0
® () loadflow
B E ) stabilicy ]
Folder: | work |

Make Mew Folder |

CE

|’_ Cancel J.:E

Figure 4.3

Add Path

The user must add all files in the Power folder and save before close the window.



33

4.1.1 Power System Analysis Educational Toolbox

After the user had done the “Add Path” part, the user now can use this software.
On main window of the software, the user may type the word ‘Power’ or ‘power’ or

‘POWER’. This step will run the main window of this Educational Toolbox.

\MATLAB
File Edit Debug Deskiop Window Help
O & BBo o | 8§ B 9P| coromonFesmatLagtiworn o

Shortuts (2] How to Add - [F] What's News

Workspace LIl Comimand Window A X
ﬁ-=i§|-' | »» Power
Marme < | Walue
EEUES MATLAB: dispatc...
3 T
| Current Directary | wWorkspace
Command History a X

i (]
F-5-— 10/14/08 2:31 PM —%

S-%-— 10/15/08 10:47 PM ——%
?---Power
>‘ off', 'MATLAE:dispatcher

[~

OvRs

Universiti
Malaysia
PAHANG

TOOLBOX FOR
POWER SYSTEM ANALYSIS

FACULTY OF ELECTRIC & ELECTRONIC

UNIVERSITI MALAYSIA PAHANG

Figure 4.4  Main Page of Power System Analysis Educational Toolbox



34

On this main page, there are TWO (2) different pushbuttons. If the user clicks on
EXIT, the window will close automatically. But, if the user click on ENTER button,

Figure 4.5 will appear.

) BEn = B[

POWER SYSTEM ANALY SIS
PRO EVOLUTION

Figure 45  Power System Analysis Pro Evaluation
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4.2  User Guide On How To Use Power System Analysis Educational Toolbox

The main page of this project has five (5) pushbuttons which is, each of the
pushbutton named as ‘RUN’. These pushbuttons will open each new window depend on

what you want to do. The window is shown as Figure 4.5

4.2.1  Definition of this Project

The first pushbutton ‘RUN’ will open the new window named as About

Definition. This can be seen as in Figure 4.6.

SO oy

Figure 4.6  About Definition

4.2.2  Power Flow Analysis

The second pushbutton will display the Power Flow Analysis program as
shown in Figure 4.7.
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Menu Run Help

Figure 4.7 Main Menu of Power Flow Analysis

4.2.3  Fault Analysis

The third pushbutton will described on Fault Analysis as shown in Figure 4.8.

File Run Help

Definition Tutorials

Exit Fault Pro

Figure 4.8  Main Page of Fault Analysis
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Stability Analysis

The fourth pushbutton will display Stability Analysis as shown in Figure 4.9.

m_alal

File Print Help Exit £

Steady State Stability

Equal Area Criterion

Multimachine Transient Stability

Figure 4.9  Stability Analysis

Optimal Dispatch of Power Generation

The fifth pushbutton will display about Optimal Dispatch when user clicks on it.

These can be seen like Figure 4.10 below.



Universiti
Malaysia
PAHANG

Engineering * * Creativity

OPTIMAL DISPATCH OF
POWER GENERATION
SOFTWARE PACKAGE

Optimal Dipatch Example and Tutorial

e | o]

Begin the Analysis Exit

Figure 4.10 Optimal Dispatch of Power Generation’s Main Page
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4.3  User Guide On How To Use Power System Analysis Educational Toolbox

(Power Flow Analysis)

There are four (4) pushbuttons. Each pushbutton will link to About Power Flow
Analysis, Example & Tutorial, Run the Toolbox (own exercise) and lastly is Exit

pushbutton (Refer to Figure 4.7: Main Menu of Power Flow Analysis).

4.3.1 About the definition

If the user clicks on Definition pushbutton, Figure 4.11 will appear. It will tell

the user about the definition of Power Flow.

Howersll el al s, ‘__J “3'

Filz Edit wiew Insert Tools Desktop “wWindow Help L]

About This Software

FPower flowe analysis is the backbone of power system analysis and design. They are
necessary for planning, operation, economic scheduling and exchange of power between utilities.
Fower flow analysis is required for many other analyses such as transient stability, optimal
power flowe and contingency studies. The principal information of power flow analysis is to find
the magnitude and phase angle of wvoltage at each bus and the real and reactive power flowing in
each transmission lines.

In power engineering, the power flow analysis (also known as load-flow study) is an
importance tool involving numerical analysis applied to a power system. Unlike traditional
circuit analysis, a power flow study usually uses simplified notation such as a one-line diagram
and per-unit systerm, and focuses on warious form of AC power (ie: reactive, real and apparent)
rather than voltage and current. The advantage in studying power flow analysis is in the planning
the future expansion of power systems as well as in determining the best operation of existing
systems. Power flow analysis is being use for solving power flow problem. There are 3 methods
can be use in power flow analysis. Those methods are Mewton-Raphson method, fast-decouple
rmethod and Gauss-Siedel rmethod.

Fower flove analysis is an importance tool invalving numerical analysis applied to a power
systerm. In this analysis, iterative technigques are used due to there no known analytical method
to solve the problern. This resulted nonlinear set of equations or called power flow equations
are generated. To finish this analysis there are methods of mathematical calculations which
consist plenty of step depend on the size of system. This process is difficult and takes much
tirne to perform by hand. By develop a toolbox for power flow analysis surely will help the
analysis became easier.

Close

Figure 4.11  Definition of Power Flow Analysis
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4.3.2 Example and Tutorial

On this sub-topic, the user will be introduces on Tutorial/Help, example of
Simple three (3) bus and IEEE 30-bus Power system. It can be shown as Figure 4.12

below.

On Tutorial/Help section, it will help the user to use this software like Figure
4.13 below. The figure will teach the user on how to fill in the bus data and line data.

The user can click on View button to see more clearly.

Figure 4.12 Tutorial & Example Figure 4.13 Tutorial/Help

The ENTER button of Simple 3-bus Power System will describe about a simple
question on 3-bus. When user click the button, next window will appear and data that
need to be key in, was already enter by the author. It can be seen like Figure 4.14 below.
The user can proceed with click on Proceed button and next window will appear such
Figure 4.15 below. To see the result, the user must click on Power Mismatch button on

each type of solution to get the result. The line flow and losses will appear on main
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Matlab 7.1 menu after the user click on Total Load Flow button as shown in Figure
4.16.

datapreparatiy

MVA base of the system = m

Figure 4.14  Simple 3-bus power System

/ ieampledsresilt

3.466158e-005

11373 [ 1|
POWER MISMATCH TOTAL LOAD FLOW

491163

POWER MISMATCH TOTAL LOAD FLOW

Back to main menu

POWER MISMATCH TOTAL LOAD FLOW

Back to example

Figure 4.15 Result of Simple 3-bus power System



42

Command Window

e : Line Flov and Losses
Power Flow Solution by Newdon-Raphson Method --Line-- Power at bus £ line flov  --Line loss-- Transformer
Maudmum Power mismalch = 346618e.005 from to WV Mvar Wi L) Hvar tap
No. of Rerations = 3

Bug Volage AngE  ceeeeelQBfeesee  oGEnBrtion.-  InjectEd
MNo. Mag(pu) (Degres) MW Mvar  MA M Mvar

1 105 0 0 0 9372 M05 0
2 A0 28m 5 0 BuB g 2 30000 5.050 30.422

1 -21.587 ~-0.496 22,583  0.385  1.185
3 -7.413  5.547 9.2589 0.048  0.145

1 91,373 24.067 94.450
22297 1.651 23.081  0.385 1.135
3 68.401 22.418 71961  0.%40  Z.620

0
102475 184702 60 3 oo

3 -60.000 -25.000  65.000
1 -67.461 -19.586 70.251  0.%40  2.820
2 T.461 -5.402 .21l 0.048 0,145

Total loss 1371 4.120
» |

Figure 4.16 Example of Newton-Raphson method

For IEEE 30-bus Power System, the method on how to gets the result are quiet
same with simple 3-bus. The difference is, the bus data and line must be changed
depend on the question. The example of IEEE 30-bus power system shown in Figure
4.17 below.



43

Example;2 - IEEE 30 bus power, system E B[] |

Bus Bus Ripu) Xipu]l  1/2(pu) Tapsetnngvalue
1 2 0082 | 0.0575 | 0064 1
C0452  0.1852  0.0204
2 4 0057 | 0.0737 | 0.0184 1
3 4 00132 | 0.0373 0.0012 1
0.0472 | 01983 0.0209
6 0.0581 0.1763 0.0187
4 6 0.0119 | 0.0414 | 0.0045
3 0045 | 016 | 00102
Transtcrmer Data 5 7 | cc2e7 | oms2 | 00085
Transformer TapSetting 9 L DORS; s L0 s
AR ] 3 0 0,208 i 0,378
Des‘gnet'cn E/g« 6 0 o 0.556 ) 0.96%
44 12 0.332 9 1 o 0.208 o 1
9 1 0 o1 o 1
et U348 4 [ 0.25 4 932
6-10 0.369 il 1 3 0 ou 0 1
5 12 01231 0.259 [} 1
28227 0.3G8 3 & 1 15 0.0662 | 0.1304 0 1
3 & 1 6 | 00845 0.9 0 1
= " 15 0221 | 0.1997 4 1
= I\ 16 17 0.0824 01923 u 1
Injected Q due to Capacitors W © 15 18 0073 0.2185 0 1
Bus No. Myar % 18 19 | 00829 0.1202 o 1
] 19 2 0038 | 0068 0 1
10 19 10 20 | 00936 | 0.209 4 1
24 43 10 17 00326 00845 o 1
| 10 2| 00348 | 0.0749 ( 1 |
G Generabrs 10 22| 00727 0.1499 0 1 |
J‘—:.« C: Smchirosous condenses 21 22 €016 | 0.0226 4 1 ‘
& 15 2 0.5 0.26 e !
HIGURE6.16 2 24 0115 0.3 0 1
Regulated Bus Data e ELE sanple system. 7 9 vas2. | o327 o =
8us | Voltaze Mir.hivar - PMax. Kyar 2 2% | 01885 0.3292 ( 1
No. | Maarituce Capacity Capzcity 25 26 0.2542 0.38 0 1
2.013 Jez 50 2 27 | 01083 0.2087 0 1
5 1.1 -Ag 40 1 28 27 (4 0.356 o 0.963
3 101 ar 40 27 23 0215 c-:usz; f ‘
| 24 » % ) 2 W | 0302 0,602 1
% 2o g 2 23 | 02399 0453 0 1
L3 2070 : 2 [ 8 2 | 00636 02 00214 1
Exit 8 28 C.0169  0.059  0.065 1

Figure 4.17 Example of IEEE 30-bus system

4.3.3 Run the Toolbox

When a new simulation is needed, the user can click on Run the Toolbox
pushbutton. The new window will appear as shown in Figure 4.18 and all the data must
be key in like in previous example. After the user had complete enter the input data, the
user can click on the Proceed pushbutton and choose type of solution like Figure 4.19.
There are 3 methods of solution discussed in this toolbox that are Newton-Raphson
method, Gauss-Seidel Method aand Fast Decoupled method.



44

MWV A base of the system = _

Bus Data

Proceed

Figure 4.18 Run Toolbox Layout

Fower Mismatch Load Flow

Power Mismatch Load Flow

Power Mismatch Load Flow

R e s

Figure 4.19 Types of Solution Layout
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4.4 User Guide On How To Use Power System Analysis Educational Toolbox
(Fault Analysis)

The main page of Fault Analysis is like Figure 4.8. On this topic, there are four
pushbuttons has been created. First pushbutton will display the Definition, second
pushbutton is Tutorial, third pushbutton is Run Analysis and the last pushbutton is Exit.

The Exit button will close the main page of Fault Analysis.

4.4.1 About Fault Analysis

If the user clicks on Definition button, Figure 4.20 will appear.

FPower systerm fault analysis is the process of determining the bus
voltages and line currents during the occurrence of various types of faults.
Faults on power systems can be divided into three-phase balanced faults
and unbalanced faults. Three types of unbalanced fault occurrence on power
system transmission lines are :

a) single line to ground faults,
b) line to line faults,
c) douhble line to ground faults.

Fault studies are used to select and set the proper protective devices and
switchgears, The determination of the bus voltages and line currents is very
important in the fault analysis of power system.

The process consists of various methods of mathematical calculation which
i difficult to perform by hand. The calculation can be easily done by cormputer which
is generated by a program developed using MATLAB. GUI (Graphical User Interface)
will be provided with the programs as they are the components of the toolbox. The
toolbox will assist the consumer to perform the fault analysis of power system.

Figure 4.20 Definition Layout
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4.4.2 Tutorial of Fault Analysis

If the user clicks on Tutorial button, Figure 4.21 will appear.

- MitorialWent

Transformer Configurations

Fault Anafysis Program

Examples

Figure 4.21 Tutorial Menu

In this page, five pushbuttons have been created. First pushbutton will discuss
on transformer configuration like Figure 4.22 below. Such connection and configuration
will produce different impedance calculation in the transmission line. For example, if
the user clicks on wye-ground-delta, the new window will appear to guide the user to
identify and differentiate each types of transformer connection and configuration. This is

very important in order to identify zero sequence impedance of a system.

Second pushbutton is Fault Analysis Program. This pushbutton is chosen to

prompt a new window named as Fault Tutor as shown in Figure 4.23.
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Third pushbutton will discuss on Example of the question as shown in Figure
4.24. Three examples are provided which are, 3-bus, 11-bus and 32-bus system. For
example of 3-bus system, the input data is shown in Figure 4.25. Then the user can
choose type of fault that occured at the system. The faults are Balanced Three Phase
Fault, Single Line to Ground Fault, Double Line to Ground Fault, and Line to line
Fault. The result of Balanced Three Phase Fault for 3 bus system is shown in Figure
4.26. This window will appear at Matlab 7.1 main page. The user can also solve 11-bus
system and 32-bus system which are provided in the toolbox.

The Back pushbutton will bring the user to main page of Fault Analysis and
Close button, will close the window.

Tritaia =y S il il ._J |L3

Transformer Zero Sequence Equivalent Circuit

— Connections

i)t MY

Wye-Ghod-Wiye-Gnod Wihye-Ghd-tiyve

“mA YA

Wiye-Gnd-Defta Wiye-Deltta

AN L

EBack

Deta-Delta

Figure 4.22 Transformer Configuration
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Zero Sequence Impedance
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Figure 4.23 Fault Tutor Layout

3 Bus Systemn
L —— |

11 Bus Systemn
L |

32 Bus System
L —— |

Figure 4.24 Example of Fault Analysis
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Fositive/MNegative Sequence Impedance Zero Seguence Impedance

0+1.105i 0+1.0545
0-+1.145i 0-+0.0545] 0-+H0.0868375i
O-+H1.12i O+ 14i 0-+1.065i

Fault Impedance 0.1i

Fault Imwmpedance [(Real) = 0

Fault Iwpedance [(Imaginary)] 3 = 1.000000=e—001
Ealanced threse-—-phase fault at bus No. 3

Total fault current = 3.1250 per uanit

Bus Voltages during fault in per unit

Eu= Woltaoge Angle

MNo . Magnitude degrees
1 0.5938 o.o00oo0
= d.6250 d.0000
3 0.31z25 o.o00oo0

Line currents for fault at bus No. 3

From To Current Ancgle

Bu= EBu= Magnitude degrese=s
L= 1 1.6250 —90o.0000
1 3 1.5750 —90o.0000
e = 1.5000 —S0.0000
= 1 o.z500 —S0.0000
= 3 1.z500 —S0.0000
3 F J.1250 —S90.0000

Faultprao w1.0 Balance Threse Phase Fault
Tniwversiti Malavysia Pahang
All Rights Reserwved

Figure 4.26  Result of Balanced Three Phase Fault



50

4.43 Run Fault Analysis

If the user clicks on Run Analysis button, Figure 4.27 will appear.

Figure 4.27 Run Analysis Layout

This layout can be used to obtain new simulation. All the input data must be

entered as in previous example.
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45  User Guide On How To Use Power System Analysis Educational Toolbox
(Stability Analysis)

Other analysis that is provided in this educational toolbox is Stability Analysis.
The main menu of this analysis can be seen in Figure 4.9. The stability will discuss

steady state stability, Equal Area Criterion and Multimachine Transient Stability.

45.1 Steady-State Stability

In this analysis, first of all, the user needs to click the pushbutton that displays
Steady-state Stability. A new window will display. All the empty parameter must be fill
in with per unit value. After the parameter is entered, user can click on Plot button and
the result of natural response of the rotor angle and natural response of the frequency
will be shown. When user has finish in this section, the user may leave this window and
back to main menu by clicking at return to selection when finish this task or click the
exit button to exit whole stability analysis toolbox.
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ety aStateStabilit - [5]X]

File Print Help Exit £

All of the va must be in per unit (pu)

i

= —
o k - h
m

time

Matura

time

Return to selection when finish this task

Figure 4.28 Example of Steady-State Stability

45.2 Equal Area Criterion

To use this simulation, the user as usual needs to click on equal area criterion
pushbutton. A new window will appear as in Figure 4.29 below. There are two types of
application that discussed here which are Application of Equal Area Criterion due to
sudden change in Power and Application of Equal Area Criterion due to Critically
Cleared System. The user also can back to main menu by clicking on Return to

selection. If the user need guide, the user can clicks on Help button.
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. [ Type_of. Equal.Area, Crilerion, Application H=E|

Please Choose The Type of
Equal Area Critericen Application

l Application of Equal Area Criterion due to sudden change in power l

l Application of Equal Area Criterion to a critically cleared system l

l Return to selection l

| |

Figure 4.29 Equal Area Application

a) Application of Equal Area Criterion due to sudden change in Power

If this application is chosen, the new window will appear. The user needs to fill
in the input parameter in per unit value like Figure 4.30 below. The Result pushbutton

will display the answer of the analysis as shown in Figure 4.31.

b) Application of Equal Area Criterion due to Critically Cleared System

If this application is chosen, the new window will appear. The user needs to fill
in the input parameter in per unit value like Figure 4.32 below. The Result pushbutton

will display the answer of the analysis as shown in Figure 4.33.
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Figure 4.31 Result on Application of Equal Area Criterion due to sudden
change in Power
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Figure 4.32  Application of Equal Area Criterion due to Critically Cleared System
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Result on Application of Equal Area Criterion due to Critically Cleared
System
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4.6  User Guide On How To Use Power System Analysis Educational Toolbox
(Optimal Dispatch of Power Generation)

The main layout of optimal dispatch is in Figure 4.10. Four pushbuttons have
been built in this analysis. There are Definition of Optimal Dispatch, Example and
Tutorial, Begin the Analysis and Exit pushbutton. Definition pushbutton of Optimal
Dispatch is shown in Figure 4.34.

The Example and Tutorial pushbutton is chosen to view the tutorial that provided
in the toolbox. The layout can be seen in Figure 4.35. On this window, it will discuss
about Data Preparation, simulation on Neglecting Losses and No Generator Limit,
simulation on Neglecting Losses and Including Generator Limit, simulation on Optimal
Dispatch Including losses, and lastly is Optimal Dispatch with Power Flow solution.

The layout can be seen in Figure 4.36 to Figure 4.2 repectively.

Figure 4.38 is show on how user must fill in the input data for problem in Figure
4.37. For this input data, user must fill in fuel cost and total load of power system. To
view back the question for this problem, user needs to click the Show button at the top of

this window meanwhile Solve button will simulate the result of this analysis.



Optimal Dispatch of Power Generation Analysis
In a practical power system, the power plants are not located at the same distance from the
center of loads and their fuel costs are different. Also, under normal operating conditions, the
generation capacity is more than the total load demand and losses. This situation will produce a
waste power and at the same time reduce the profit of the utility side itself. Thus there are many
options for scheduling generation as an alternatif to avercome this problem.

In & interconnected power system, our objective is to find the real and reactive power
scheduling of each power plant such way as to minimize the operating cost. This means the
generator real and reactive power are allowed to wary within certain limits so as to meet a

particular load dermand with minimum fuel cost. This is called the optimal power flow (OPF) problem.

The OFF is used to optimize the power flow solution of large scale power system. This is done
by minimizing selected objective function while maintaining an acceptable system performance in
terms of generator capability limits and the output of the compensating devices. This objective
functions, also knowns as cost functions, may present economic costs, system security or others.
Efficient reactive power planning enchances economic operation as well as system security.

The OPF has been studied by many reseachers and many algarithms using different objective
function and methad.

In this software package, the analysis will limit to the econormic dispatch of real power
generation. The factors influencing power generation at minimurm cost are operating efficiencies
of generators, fuel cost and tranmission losses. The most efficient generator in the system does
not guarantee minimurm cost as it may located in an area where fuel cost is high. Also, if the plant
is loacated far frorn the load center, transmission losses may be considerably higher and hence the
the plant may be overly uneconomical. Hence the problem is to determine the generation of different
plants such that the total operating cost is minimum so this software will solve it by obtain the
OPF analysis to find the operating cost for the system. This analysis can be done by the hand
calculation but it will take a long to be cormpleted for a large systern so this software package
will help the analysis to be done in a very short period.

Figure 4.34  Definition of Optimal Dispatch

- R pIEN R oy al =3

— Learning by doing..

Below is the list of some example and tutorial to help
yvou understand on how to obtain OPTIMAL DISPATCH
anahysis.

Please Try..

| DATA PREPARATION |

[ MHeglecting Losses & Mo Generator Limit ]

[ MHeglecting Losses & Including Gen. Limit ]

[ Including Losses ]

[ With Power Flow Solution ]

Figure 4.35 Example and Tutorial Layout
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[areparation

Data Preparation

For the Optimal Dispatch analysis that included with the power flow of the system:

1.For the power flow,analysi= have been obtain with Hewton-Raphson method
for Optimal Digpatch, gradient method in used.

2.The software had set a standard for variable below :

- Max Power Mismatch {accuracy) = 0.0001

- Max Heration {maxiter)

For busbar data:

For line data:

=10

Figure 4.36  Data preparation

< Example casedoneconomicadispatchnegleciinglosses and mo gens imits; Lj l ml

Example Case for 3 Thermal Plants

Meglecting line losses & no generator limits
Determine the Optimal Dispatch of generation for system below

Fuel cost functicen in $/h

C1 =500+ 53P1 + 0.004P1"2
C2 =400+ 55P2 + 0.006P2"2
C3 =200 + 5.8P3 + 0.009P3"2

Total Load Demand
800 MW

o] w| ol

I | | | |

P14 P2 | P34

PD

Figure 1:
Plants connected to a common bus

Solution Close

Figure 4.37 Optimal Dispatch on Neglecting Losses and No Generator Limit
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500 5.3 0,004

400 5.5 0.006
200520009

Figure 4.38 Input Data for Optimal Dispatch Neglecting Losses and
No Generator Limit

OPTIMAL DISPATCH SOLUTION

Figure 4.39 Result for Optimal Dispatch Neglecting Losses and
No Generator Limit
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Example Case for 3 Thermal Plants

Neglecting line losses, including generator limits
Determine the Optimal Dispatch of generation for system below

C1 =500+ 5.3P1+ 0.004P1"2

C2 =400+ 55P2 + 0.006P2"2

£3 = 200 + 5.8P3 + 0.000P342 ‘ | I I |
Min MW  Max MY
i; ﬁgg g:g P1 4 Pz | P3 )
PD l

Fuel cost function in $/h
c1 l c2 l Cc3 l

P3 100 225

Total Load Demand
Figure 1:

800 MUy
Flants connected to a common bus

lSolution ] [ Close ]

Figure 4.40 Optimal Dispatch on Neglecting Losses and Include Generator Limit

Transmission
network with

lossos Poss

Figure 1; 2 thermal unit serving load through transmission network

[ soLuTION |
.

Figure 4.41 Optimal Dispatch Include Losses
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Figure 4.42 Optimal Dispatch with Power Flow solution

61



4.7

educational toolbox.

Discussion on Power System Analysis Educational Toolbox

4.7.1 Discussion on Power Flow Analysis Simulation

62

In this part, the author will discuss on the simulation that had be done using this

This sub-chapter will focus on the result of simulation 3-bus system by using

Newton-Raphson method, Gauss-Seidel method and Fast Decoupled method. The

diagram of this system has been shown in Figure 4.14.

4.7.1.1 3-bus System Analysis

simulation in table form.

Table 4.1 : Newton-Raphson Method

In order to make this discussion more easier to see, the author will make all the

Bus Voltage Angle Load Generation Injected
No | Magnitude | Degree | MW MVar MW MVar MVar
1 1.050 0.000 0.000 0.000 221.270 | 109.269 0.000
2 0.972 -3.519 | 400.000 | 250.000 0.000 0.000 0.000
3 1.040 -1.839 2.400 1.200 200.000 | 180.083 0.000
Table 4.2 : Gauss-Seidel Method

Bus Voltage | Angle Load Generation Injected
No | Magnitude | Degree | MW MVar MW MVar MVar
1 1.050 0.000 0.000 0.000 221.235 | 109.135 0.000
2 0.972 -3.517 | 400.000 | 250.000 0.000 0.000 0.000
3 1.040 -1.838 2.400 1.200 200.000 | 180.151 0.000




Table 4.3 : Fast- Decoupled Method
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Bus Voltage Angle Load Generation Injected

No | Magnitude | Degree [ MW MVar MW MVar MVar
1 1.050 0.000 0.000 0.000 221.235 | 109.135 0.000
2 0.972 -3.517 | 400.000 | 250.000 0.000 0.000 0.000
3 1.040 -1.838 2.400 1.200 200.000 | 180.151 0.000

From Table 4.1, Table 4.2 and Table 4.3, the result on voltage magnitude, angle

degree, load and generation are quiet same for all analysis method.

The line flow and line losses for 3 bus power system network is tabulated in Table 4.4.

Table 4.4 : Newton-Raphson Method

Line Power at bus and Line Flow Line Losses Transformer
From | To MW MVar MVA MW MVar Tap
1 221.270 | 109.269 | 246.779 - - -
2 209.510 | 105.979 | 234.789 10.000 20.000 -
3 11.790 3.294 12.241 0.014 0.408 -
2 -400.000 | -250.000 | 471.699 - - -
1 -199.510 | -85.978 | 217.248 10.000 20.000 -
3 -200.490 | -164.022 | 259.035 8.886 17.772 -
3 197.600 | 178.883 | 266.542 - - -
1 -11.776 -2.887 12.125 0.014 0.408 -
2 209.376 | 181.793 | 277.285 8.886 17.772 -
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Table 4.5 : Gauss-Seidel Method

Line Power at bus and Line Flow Line Losses Transformer
From | To MW MVar MVA MW MVar Tap
1 221.235 | 109.135 | 246.689 - - -
2 209.479 | 106.033 | 234.786 10.000 20.000 -

3 11.784 3.294 12.236 0.014 0.407 -

2 -400.000 | -250.000 | 471.699 - -
-199.480 | -86.033 | 217.241 | 10.000 20.000 -
3 | -200.489 | -164.084 | 259.079 8.889 17.778 -

3 197.600 | 178.951 | 266.588 - -
-11.771 -2.887 12.120 0.014 0.407 -
2 209.378 | 181.861 | 277.331 8.889 17.778 -

[

Table 4.6 : Fast- Decoupled Method

Line Power at bus and Line Flow Line Losses Transformer
From | To MW MVar MVA MW MVar Tap
1 221.285 | 109.275 | 246.796 - - -
2 209.508 | 105.968 | 234.783 10.000 19.999 -

3 11.790 3.294 12.241 0.014 0.408 -

2 -400.000 | -250.000 | 471.699 - -
-199.509 | -85.969 | 217.242 | 10.000 19.999 -
3 -200.486 | -164.007 | 259.023 8.885 17.770 -

-

3 197.600 | 178.914 | 266.563 - -
-11.776 -2.887 12.125 0.014 0.408 -
2 209.371 | 181.776 | 277.271 8.885 17.770 -

[EY
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The summary of this line flow and losses can be seen in Table 4.7 below.

Table 4.7 : Summary of Line Flow and Losses

Method Total Generation Total Load Total Loss
(MVA) (MVA) (MVA)
Newton-Raphson 421.270 + j289.352 402.4 +j251.2 18.900 + j38.180

Gauss-Seidel

421.235 + j289.286

402.4 + j251.2

18.902 + j38.185

Fast Decouple

421.285 + j289.389

402.4 + j251.2

18.898 + j38.177

From the Power System Analysis Pro Evolution Toolox, when Newton Raphson

method is applied to find maximum power mismatch, its shows the maximum power
mismatch is equal to 0.000266997 and the number of iteration is equal to 3. Meanwhile,
if Gauss-Seidel is used, the maximum power mismatch is become larger that are,
0.000704109 and the number of iteration is 5. If the Fast decoupled method is applied,
the result will display maximum power mismatch of 0.000455801 and number of

iteration is equal to 13. This be simplified in Table 4.8 below.

Table 4.8 : Maximum Power mismatch

Method No of Iteration Maximum Power Total Loss
Mismatch (MVA)
Newton-Raphson 3 0.000266997 18.900 + j38.180
Gauss-Seidel 5 0.000704109 18.902 + j38.185
Fast Decouple 13 0.000455801 18.898 +)38.177
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4.7.2 Discussion on Fault Analysis Simulation

This sub-chapter will discuss on Fault Analysis. There are four types fault
analysis that will be discuss that are, Three Phase Balanced Fault Analysis, Single Line
to Ground Fault Analysis, Line to Line Fault Analysis, and Double Line to Ground

Fault Analysis. This analysis will cover on 3-bus network.

4.7.2.1 Result of Simulation (3-bus network)

The diagram of 3-bus network is be shown in Figure 4.24. To solve this problem,
user need to find bus impedance for positive, negative and zero sequence impedance
(Zbus0). Positive and negative bus impedance (Zbusl/Zbus2) are same. The bus
impedance data must be entered correctly as in the Figure 4.25. Then the fault location
and fault impedance is entered to get the result. The bus impedance for 3 bus network is
shown in Table 4.9, Table 4.10, and Table 4.11.

Table 4.9 : Positive/Negative Bus Impedance (Zbus1/Zbus2)

0 + 0.145i 0+ 0.105i 0+0.13i
0+ 0.105i 0+ 0.145i 0+0.12i
0+ 0.130i 0+ 0.120i 0+ 0.22i

Table 4.10 : Zero Bus Impedance (Zbus0)

0 + 0.1820i 0 + 0.054500i 0 + 0.140i
0 + 0.0545i 0 + 0.086375i 0 + 0.065i
0 + 0.1400i 0 + 0.065000i 0 + 0.350i

Table 4.11 : Fault Location and Impedance

Fault Location (Bus No)

3

Fault Impedance (p.u)

0.1i

The bus voltage and line current during fault at bus 3 is tabulated in Table 4.12 until
Table 4.15.




Table 4.12 : Three Phase Balanced Fault Analysis

Fault Impedance (Real)

0

Fault Impedance (Imaginary)*j

1.000000e-001

Total fault current

3.1250 per unit

Bus Voltages during fault in per unit

Bus No Voltage Magnitude (p.u) Angle (degrees)
1 0.5938 0
2 0.6250 0
3 0.3125 0
Line currents for fault at bus No. 3
From Bus | To Bus Current magnitude | Angle (degrees)
(p.u)
G 1 1.6250 -90
1 3 1.8750 -90
G 2 1.5000 -90
2 1 0.2500 -90
2 3 1.2500 -90
3 F 3.1250 -90

Table 4.13 : Single Line to Ground Fault Analysis

Fault Impedance (Real)

0

Fault Impedance (Imaginary)*j

1.000000e-001

Total fault current

3.1250 per unit

Bus Voltages during fault in per unit

Bus No Voltage Magnitude (p.u)

Phase a Phase b Phase ¢

1 0.6330 1.0046 1.0046

2 0.7202 0.9757 0.9757

3 0.2752 1.0647 1.0647

Line currents for fault at bus No. 3
From Bus To Bus Line Current magnitude (p.u)

Phase a Phase b Phase ¢
1 3 1.6514 0.0000 0.0000
2 1 0.3761 0.1560 0.1560
2 3 1.1009 0.0000 0.0000
3 F 2.7523 0.0000 0.0000
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Table 4.14 : Line to Line Fault Analysis

Fault Impedance (Real)

0

Fault Impedance (Imaginary)*j

1.000000e-001

Total fault current

3.2075 per unit

Bus Voltages during fault in per unit

Bus No Voltage Magnitude (p.u)
Phase a Phase b Phase ¢
1 1.0000 0.6720 0.6720
2 1.0000 0.6939 0.6939
3 1.0000 0.5251 0.5251

Line currents for fault at bus No. 3

From Bus To Bus Line Current magnitude (p.u)
Phase a Phase b Phase ¢
1 3 0.0000 1.9245 1.9245
2 1 0.0000 0.2566 0.2566
2 3 0.0000 1.2830 1.2830
3 F 0.0000 3.2075 3.2075

Table 4.15 : Line to Line Fault Analysis

Fault Impedance (Real)

0

Fault Impedance (Imaginary)*j

1.000000e-001

Total fault current

1.9737 per unit

Bus Voltages during fault in per unit

Bus No Voltage Magnitude (p.u)
Phase a Phase b Phase ¢
1 1.0066 0.5088 0.5088
2 0.9638 0.5740 0.5740
3 1.0855 0.1974 0.1974

Line currents for fault at bus No. 3

From Bus To Bus Line Current magnitude (p.u)
Phase a Phase b Phase ¢
1 3 0.0000 2.4350 2.4350
2 1 0.1118 0.3682 0.3682
2 3 0.0000 1.6233 1.6233
3 F 0.0000 4.0583 4.0583
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4.7.2.2 Analysis of Fault Analysis
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The simulation on 11-bus network and 32-bus network is done in order to make

comparing to find the most severe damage that could effect the system. The result is

tabulated in table 4.16 below.

Table 4.16 : Result of 3 bus network, 11 bus network and 32 bus network

Bus Balanced 3 Phase Single line to Double Line to Line to Line
Network Fault (p.u) Ground Fault Ground fault Fault
(p.u) (p.u) (p.u)
3 3.125 2.7523 1.9737 3.2075
11 3.1392 2.7230 2.4043 2.7186
32 5.4719 2.9128 1.9806 4.7388

From the table, author can conclude that, the most severe damage to transmission

line is balanced three phase fault. It is because, balanced three phase fault produces

highest rated current other than single line to ground fault, double line to ground fault

and line to line fault.
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4.7.3 Discussion on Stability Analysis

The Stability Analysis module will cover on Steady-state, Equal Area Criterion

and Multimachine Transient Stability.
4.7.3.1 Steady-State stability
Steady state stability is the ability of the system to remain synchronism after

having small and slow disturbances. Lets say we have a one line diagram as Figure 4.43

as below:

Figure 4.43  One line diagram for steady state stability
The excitation voltage, E and transfer reactance, X must be obtained from
formula calculation and circuit analysis before begin the simulation. All the input data is

given in Table 4.17 below.

Table 4.17 : Input Data for Steady-State Analysis

Inertia Constant, H 9.94 MJ/IMVA
Transient Reactance, Xd 0.3p.u
Real power, Pm 0.6 p.u
Infinite bus voltage, V 1.0p.u
Damping Power Coefficient, D 0.138
Frequency, fo 50 Hz
Excitation Voltage, E 1.35
Transfer reactance, X 0.65
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We get the result as Figure 4.44 as below

MNatural responses of the rotor angle

time [second)

Matural responses of the frequency

time [second)
Figure 4.44  Natural response of the rotor angle and frequency
for Steady State Stability

The response shows a small disturbance will be followed by a relatively slowly
damped oscillation or swing of the rotor, before steady state operation at synchronous
speed is resumed. In the result above, the response is about ts ~ 4r = 4 (1/1.3) = 3.1 s.
We also observe that the oscillation is fairly low in frequency, in the order of 0.955Hz.
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4.7.3.2 Equal Area Criterion

Equal Area criterion can be used for quick prediction of stability.

Application of Equal Area Criterion due to sudden change in Power

In this simulation, previous example has been chosen to discuss the Steady state stability

analysis. All the input data is given in Table 4.18.

Table 4.18 : Input Data of Equal Area Criterion due to sudden
change in Power

Real power, Pm 0.6 p.u
Infinite bus voltage, V 1.0p.u
Excitation Voltage, E 1.35
Transfer reactance, X 0.65

The result is shown in Table 4.19 and Figure 4.45

Table 4.19 : Result of Equal Area Criterion due to sudden
change in Power

Parameter Value (p.u)
Initial Power 0.6
Initial Power Angle 16.791 degree
Sudden additional Power 1.084
Total Power for Critical stability 1.684
Maximum angle swing 125.840 degree
New Operating angle 54.160 degree
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Equal-area criterion applied to the sudden change in power
T T T T T T T T

Pawer, per unit

i i i i i
20 100 120 140 160
Fower angle, degree

180

Figure 4.45  Result of Equal Area Criterion due to sudden
change in Power

The Equal Area Criterion is used to determine the maximum additional power
Pm which can be applied for stability to be maintained. With a sudden change in the
power input, the stability is maintain only if area A2 (green) at least equal to Al(pink)
can be located above Pm. If the area A2 < Al, the accelerating momentum can never be
overcome. The limit of the stability occurs when dmax is at the intersection line Pm and

the power angle curve for 90° <6 < 180°.

At the result above, before disturbance, the machine operating at the equilibrium
point, &y (16.791°) with mechanical power input, is equal to electrical power output (Pmo
= Pgo) that is 0.6 p.u. When a sudden increase in input power, mechanical power input
become increase to 1.684 p.u. Since mechanical power input increase, it has a large
power than electrical power output (Pm1 > Peo), the rotor will accelerate and power angle
increase to 54.160°. This is covered in Area 1 (pink color on graph).

When power angle become 54.160°, at the same time electrical power will equal
to Pm1 and make the rotor once again running above synchronous speed and thus &
become increase to 125.840°. When its happen, mechanical power will less than
electrical power and make the rotor decelerate toward synchronous speed. This will

produce Area 2 (green color on graph).
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The power system will maintain its stability if Area 1 is equal to area 2. But if

the Area 1 is larger than Area 2, the system will loss stability.

4.8 Conclusion

In Power Flow Analysis, there are 3 method of solution that have been discussed
in this toolbox that are, Newton Raphson method, Gauss-Seidel Method and Fast
Decoupled method. From all this methods, the best method to solve problem in Power
Flow Analysis is Newton Raphson method because, it has low power mismatch and it

was close to zero.

In Fault Analysis, 4 types of fault been discussed that are, Balanced Three Phase
Fault, Single Line to Ground Fault Analysis, Line to Line Fault Analysis and Double
Line to Ground Fault Analysis. From the result that shown before, the most severe
damage to transmission line is Balanced Three Phase Fault. It is because, Balanced
Three Phase Fault will produces highest rated current other than Single Line to Ground

Fault Analysis, Line to Line Fault Analysis and Double Line to Ground Fault Analysis.

In Stability Analysis, two important things that must be considered are critical
clearing time, t; and critical clearing angle, d.. Critical clearing time is the time for
power angle reach the critical clearing angle, and critical clearing angle is reached when
dmax IS at intersection of Py, and Pe. The circuit breaker must be open the faulted line

before 6 reach the critical clearing angle.

Optimal Dispatch is used to optimize the power flow solution large scale power
system. This is done by minimizing selected objective functions while maintaining an
acceptable system performance in terms of generator capability limits and the output of

the compensating devices.
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CHAPTER 5

CONCLUSION AND RECOMMENDATION

5.1 Conclusion

At the end of this project, a prototype of Power System Analysis Educational
toolbox has been developed. The development of this toolbox is presented in detail
using Matlab 7.1. The development of GUI was quite easy to design, but the difficult
part is, to program the source code and command which needs more practices, reading

and effort.

The objectives of this project which are to develop educational toolbox of Power
System Analysis and to obtain simulation and analysis of Power System Analysis was

successfully achieved.

5.2  Future Recommendation

For the improvement of this toolbox, the author would suggest to upgrade this

project in order to makes it becomes more interesting and user-friendly.

Firstly the author would like to suggest the new developer to make this software
to run in one GUI window only. This will avoid many GUI window appear at same
time. By doing so, this program can be run in one window only which helps the user to

use this program easier.
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Secondly, graphic pictures or 3-dimensional images can be added to this
program to make it more matured and interesting. While the author develops this
project, the author only uses the image at the Property Inspector in Matlab 7.1 GUI.

Thirdly, the author likes to recommend to modify this educational toolbox into
other language such as Bahasa Malaysia. By doing so, who could not understand
English can also use this program. Currently, this toolbox was developed totally in
English.

Besides that, the combination between Matlab Simulink and GUI can be created
in order to built more interactive and useful toolbox for the user.

Lastly, the author also wants to recommend to add more Power System Analysis
problems such as Transmission Line Parameter and Line Model and performance to this
toolbox to make it more useful and functional to the lecturers and students.
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APPENDIX A: RESULT OF IEEE 30-BUS POWER SYSTEM
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APPENDIX B: POWER FLOW SOLUTION OF IEEE 30-BUS

Maximum Power Mismatch = 7.54898e-007

No of Iteration =4

82

Bus Voltage Angle Load Generation Injected
No | Magnitude | Degree [ MW MVar MW MVar MVar

1 1.060 0.0000 0.0 0.0 260.998 | -17.0209 0.000

2 1.043 -5.4968 21.7 12.7 40 48.8221 0.000

3 1.0215 | -8.0040 | 2.400 1.200 0.000 0.0000 0.000

4 1.01285 | -9.6614 7.6 1.6 0 0 0

5 1.01 -14.381 94.2 19 0 35.9746 0

6 1.01206 |-11.398 0 0 0 0 0

7 1.00345 | -13.149 22.8 10.9 0 0 0

8 1.01 -12.115 30 30 0 30.8264 0

9 1.05101 |-14.433 0 0 0 0 0
10 1.04436 | -16.024 5.8 2 0 0 19
11 1.082 -14.433 0 0 0 16.1185 0
12 1.05737 | -15.302 11.2 75 0 0 0
13 1.071 -15.302 0 0 0 10.4235 0
14 1.04244 | -16.191 6.2 1.6 0 0 0
15 1.03778 | -16.278 8.2 2.5 0 0 0
16 1.04467 | -15.880 35 1.8 0 0 0
17 1.03913 | -16.188 9 5.8 0 0 0
18 1.02794 | -16.883 3.2 0.9 0 0 0
19 1.02526 |-17.051 9.5 3.4 0 0 0
20 1.02925 | -16.852 2.2 0.7 0 0 0
21 1.03209 | -16.468 17.5 11.2 0 0 0
22 1.03267 | -16.454 0 0 0 0 0
23 1.02723 | -16.662 3.2 1.6 0 0 0
24 1.02156 |-16.830 8.7 6.7 0 0 4.3
25 1.01887 | -16.423 0 0 0 0 0
26 1.00122 | -16.842 35 2.3 0 0 0
27 1.02574 | -15.912 0 0 0 0 0
28 1.01073 | -12.057 0 0 0 0 0
29 1.00595 |-17.136 2.4 0.9 0 0 0
30 0.994506 | -18.014 10.6 1.9 0 0 0




APPENDIX C: RESULT OF 3-BUS SYSTEM USING FAULT ANALYSIS

Fault Impedance [(Feal) = 0

Fault Iwpedance [(Imaginary)l*3 = 1.000000=-001
Balanced three-phase fault at bus No. 3

Total fault current = 3.1250 per unit

Buz Voltages during fsult in per unit

Eus Voltage Lngle

Lo. Hagnitude degrees
1 o.5938 0.oooo
2 0.6250 (i nu]u]u]
3 0.3125 0.oooo

Line currents for fault at bus No. 3

Froam To Current Lngle

Eus Eus Hagnitude degrees
= 1 1.6250 —20. 0000
1 3 1.8750 —2a0. 0000
e 2 1.5000 -90. 0000
2 1 o.z2500 =20, 0000
2 3 1.2500 —20. 0000
3 F 3.1250 —2a0. 0000

Faultpro 1.0 EBEalance Three FPhase Fault
UTniwversiti Malawysia Pahang
111 Rights Reserwved
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Fault Impedance (Feal) = 0

Fault Iwpedance [(Imaginary)*] = 1.000000=e-001
Zingle line to-ground fault at bus No. 3
Total fault current = 2.7523 per unit

Buz Voltages during the fault in per unit

Bus  —-——————- Voltage Magnitude——————-
Mo. Phase a Phase b Phase
0.63350 1.0046 1.0046
o.7z202 o.9757 o.9757
o.z2752 1.0647 1.0647
Line currents for fault at bus MNo. 3
From T === Line Current Magnitude--—--
Bus Bus Phase a Phase b Phase
1 3 1.6514 o.oooo o.oooo
Z 1 0.3761 o.1560 o.1560
2 3 1.1009 o.oooo o.oooo
3 F Z.7523 o.oooo o.oooo

Faultpro w1.0 Zingle Line to Ground Fault
Tniversiti Malaysia Pahang
All Rights Reserved
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Fault Impedance [(Feal) = 0

Fault Impedance [(Imaginary)*j = 1.000000e-001
Double line-to-ground fault at bus No. 3
Total fault current = 1.9%737 per unit

Bus Voltages during the fault in per unit

Bus - —-—————- Voltage Magnitude—-—————-—
Na. Phaz=e =a Pha=e h Phazse
1.0066 0. 5085 0. 5085
0.9635 0.5740 0.5740
1.0555 0.1974 0.1974
Line currents for fault at bus No. 3
Fram To == Line Current Magnitude—----
Eus=s Eus=s Phaz=e =a Pha=e h Phazse
1 3 0.o00o0 Z2.4350 Z2.4350
Z 1 0.1115 0.3652 0.3652
Z 3 0.oooo0 1.6233 1.6233
3 F 0.oooo0 4.,0583 4.,0583

Faultpro w1.0 Double line-to-ground fault
Universiti Malavysia Pahang
L1l Rights Reserved




Fault Impedance [(Beal) = 0

Fault Impedance [(Iwmaginary)*j = 1.000000e-001
Line-to-line fault at bus No. 3

Total fault current = 3.2075 per unit

Bus Voltages during the fault in per unit

Buz  —-———=—=—- Voltage Magnitude--—-—--—-—-
Nao. FPhazse a Fhase h Fhaszse o
1.0000 o.a6720 o.a6720
1.0000 0.6939 0.6939
1.0000 0.5z251 0.5z251
Line currents for fault at bus No. 3
From Ta ———— Line Current Magnitude----
Bus Bus FPhazse a Fhase h Fhaszse o
1 3 o.o0ooo 1.9245 1.9245
2 1 o.oooo 0.2566 0.2566
2 3 o.oooo 1.25350 1.25350
3 F o.oooo 3.2075 3.2075

Faultpro w1.0 Line-to-line fault
Universiti Malavysia Pahang
L1] Rights Reserved




APPENDIX D: RESULT ON 11-BUS NETWORK

Fault Impedance (Real) = 0

Fault Imwpedance [(Imaginary)*] = 0
Balanced three-phase fault at bus No. &
Total fault current = 3.1392 per unit

Buzs Voltages during fault in per unit

Bus= Voltage Angle
Mao. Magnitude degrees
1 o.5137 o.oooo
Z o.7575 o.oooo
3 0.6923 o.oooo
4 o.7472 o.oooa
5 o.7z01 o.oooo
& o.5500 o.oooo
? o.e&1z0 o.oooo
g o.oooa o.oooa
= o.3039 o.oooo
10 0.58351 o.oooo
11 o.7229 o.oooo
Line currents for fault at bus No. §
Fraom To Current Angle
Bus= Bus= Magnitude degrees
e 1 0.9315 —90. 0000
1 2 0.9315 =90, 0000
Z 3 0.z154 -90. 0000
2z 5 0.2514 —90. 0000
z & o.45617 —90. 0000
3 & 0.3556 =90, 0000
4 3 0.1373 -90. 0000
q & 0.328¢6 —90. 0000
4 = 0.6332 —90. 0000
5 7 0.z2514 =90, 0000
& g 1.1459 -90. 0000
? g 1.3600 —90. 0000
g F 3.1392 —90. 0000
= g 0.6352 =90, 0000
= 10 1.05991 -90. 0000
10 q 1.0991 —90. 0000
e 11 1.1086 —90. 0000
11 7 1.1056 =90, 0000



Fault Impedance [(Feall = 0

Fault Impedance [(Imaginarvy)l*] = 0

Jingle line to-ground fault at bus MNo. 8
Total fault current = 2.7230 per unit

Buz Voltages during the fault in per unit

Bus  -—————-— Voltage Magnitude—--—————-—

Mo. Phase a Phase b Phase

1 0.8923 0.9742 0.9742

2 0.8413 0.9753 0.9753

3 0.7521 0.9907 0.9907

4 0.7855 0.9975 0.9975

= 0.7926 o.9az2s8 o.9az2s8

& 0.5993 1.0052 1.0052

7 0.6553 1.0026 1.0026

= O.oooo 1.0724 1.0724

= 0.3349 1.0320 1.0320

10 0.8568 i.0001 i.0001

11 0.58397 0.9624 0.9624

Line currents for fault at bus No. B8

Froam To === Line Current HMagnitude—----
Eu= Eu= FPhase a FPhase b FPhase
1 2 0.5387 0.2693 0.2693
2 3 0.2119 O.0zZ25 O.0zZ25
2 6 0.40z24 o.oo1i9 o.oo1i9
3 & 0.2938 o.o147 o.o147
4 3 o.os19 0.0372 0.0372
4 & 0.2625 O.0zZ25 O.0zZ25
4 = 0.5430 O.0062 O.0062
5 2 0.2351 o.o17o o.o17o
& a8 0.9537 0.0353 0.0353
7 = 0.2351 o.o17o o.o17o
7 = 1.2213 0.0416 0.0416
=1 F Z2.7230 O.oooo O.oooo
= a8 0.5430 0.0062 0.0062
10 4 0.5875 0.0659 0.0659
11 7 0.6411 0.3205 0.3205



Fault Impedance [(Feal)l = 0O

Fault Impedance [(Imaginarvy)l*] = 0

Double line-to-ground fault at bus MNo. 8
Total fault current = 2.43043 per unit

Buz Voltages during the fault in per unit

Euzs  -—————-— Voltage Magnitude—--—————-—

Mo. Phase a Phase b Phase

1 0.95z24 0.8505 0.8505

2 0.95456 0.7972 0.7972

3 0.92533 o.7201 o.7201

4 0.9955 0.7645 0.7645

5 0.96888 0.7541 0.7541

& 1.0092 0.5730 0.5730

7 1.0045 0.6334 0.6334

= 1.1170 O.oooo O.oooo

= 1.0541 0.3185 0.3185

i0 1.0002 0.2449 0.2449

11 0.929:2 0.7796 0.7796

Line currents for fault at bus MNo. B8

Froam To === Line Current Hagnitude-—-—--
Eu= Eu= Phase a Phase b Phase o
1 2 0.2378 0.8154 0.8154
2 3 0.0195 0.2156 0.2156
2 5 o.o1s50 0.2445 0.2445
2 & o.oo17 0.4379 0.4379
3 & o.0130 0.3317 0.3317
4 3 0.0328 0.1205 0.1205
4 6 o.o0199 0.3037 0.3037
4 = 0.0055 0.5974 0.5974
E 7 o.a1s50 0.2445 0.2445
6 = 0.0312 1.07289 1.07289
7 = 0.0367 1.3031 1.3031
a8 F O.oooo 2.9725 2.9725
= =1 0.0055 0.5974 0.5974
10 4 0.0558:2 1.0186 1.0186
11 7 0.2830 0.9704 0.9704



Fault Impedance [(Feal)l = 0

Fault Impedance [(Imaginarvy)]*] = 0
Line-to-line fault at bus No. §

Total fault current = 2.7186 per unit

Buz Voltages during the fault in per unit

Bus  —-——————- Voltage Magnitude——————-—
Mo. Phase a Phase b Phase
1 1.0000 0.5641 0.5641
2 1.0000 0.8251 0.8251
3 1.0000 o.7so7? o.7so7?
4 1.0000 0.5175 0.5175
5 1.0000 0.7993 0.7993
& 1.0000 0.e906 0.e906
7 1.0000 o.7286 o.7286
g 1.0000 0. 5000 0. 5000
= 1.0000 0.5651 0.5651
i0 1.0000 0.5793 0.5793
i1 1.0000 o.5012 o.5012
Line currents for fault at bus WNo. §

Fram To == Line Current HMagnitude—----
EBus EBus Phaz=e a Pha=e b Phazse o
1 Z o.oooo o.5087 o.5087
Z 3 o.oooo 0.1591 0.1591
2 & o.oooo o.z2177 o.z2177
2 & o.oooo 0.3995 0.3995
3 & o.oooo 0.3080 0.3080
4 3 o.oooo o.11559 o.11559
4 & o.oooo 0.2546 0.2546
4 = o.oooo 0.5454 0.5454
5 7 o.oooo o.z2177 o.z2177
& g o.oooo 0.9924 0.9924
7 = o.oooo 1.1778 1.1778
g F o.oooo 2.718¢8 2.718¢8
= g o.oooo 0.5454 0.5454
i0 4 o.oooo 0.9515 0.9515
11 7 o.oooo 0.9601 0.9601
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APPENDIX E: SOLUTION OF OPTIMAL DISPATCH WITH POWER FLOW

Maximum Power Mismatch = 1.90285-008
No of Iteration = 2

Bus Voltage Angle Load Generation Injected
No | Magnitude | Degree | MW MVar MW MVar MVar
1 1.060 0.0000 0.0 0.0 23.6488 | 25.7266 0.000
2 1.045 -0.2819 20 10 69.5182 | 30.7666 0.000
3 1.03 -0.4946 20 15 58.9899 | 14.0522 0.000
4 1.01863 | -1.2075 50 30 0 0 0
5 0.99014 | -2.7290 60 40 0 0 0
Total Generation (MW) =152.157
Total Generation (MVar) =70.5454
Total Load (MW) =150
Total Load (MVar) =95
Total System Loss (MW) =2.15434

Incremental cost of delivered power (system lambda) = 7.75905 $/MWh

Optimal Dispatch of Generation
23.5581
69.5593
59.0368

Total Generation Cost = 1596.96 $/h
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APPENDIX F: M-File of Main Page of the Project

function warargout = P34 (wvarargin)

&
&
S
%=
%
%
&
5
5
5
5
%
%
%
%
%
i
i
%
&

s

P3h M-file for P3L.fig

P3LA, by itself, creates & new PSL or raises the existing
singleton®.

H = P34 returns the handle to a new P34 or the handle to
the existing singleton®.

PRL('CALLBACE' , hibhiject, eventData, handles,...] calls the local
function named CALLEBACE in P32.M with the given input arguments.

P3L|'Property', 'Value',...)] creates a new P3L or raises the

existing =ingleton®. 3tarting frowm the left, property wvalue palirs are
applied to the GUI before F3IL OpeningFunction gets called. Ln
unrecoghized property hame or invalid walue makes property application
stop. L1l inputs are pasged to PEA OpeningFon vwia varargin.

*R2ee GUI Options on GUIDE's Tools menu. Choose "GUI allows only one
instance to run (singleton) .

3ee also: GUIDE, GUIDALTL, GUIHANDLES

Edit the abowve text to modify the response to help P34

¥ Last Modified by GUIDE wi.5 31-May-Z003 ZZ:20:08

o

% Begin initialization code - Do NOT EDIT

gui Singleton = 1;

gui Jtate = struct('gul Name', mfilename, ...

'gui Jingleton', gui Jingleton,
"gui_ OpeningFon', @PSA_Openinchn,
"gui OutputFen', @BP3L OutputFen,
"gui LayoutFcn', [T + &+

'gui Callhack!', [1):

if nargin &£& izchar (varargin{l})

end

gui_ State.gui Callback = strifunc(varargin{l}]:

if nargout

elze

end

o

[varargout{l:nargout}] = gul mainfcn({gui 3tate, varargin{:}]:;
gui mainfen(gui State, varargin{:}):;

% End initialization code - DO NOT EDIT
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% ——— Executes just hefore PSL iz wade wvisikhle.

function P34 OpeningFen(hObject, eventdata, handles, varargin)

% This function has no output args, sSee outputFon.

¥ hOhject handle to figure

(¥ ewventdata reserved - to ke defined in a future wersion of MATLAE
% handles structure with handles and user data (see GUIDALTAL)

ey

varargin command line arguments Lo P3L [(Ssee VARLEGIN)

¥ Choose default command line output for PSA
handles.output = hibject;

% Update handles structure
guidata(hObhiject, handlesz):

TIWAIT makes P34 walt for user response (see UIREITHE)

5
¥ ulwait (handles.figurel):;

¥ ———= mtputs from this function are returned to the command line.
function varargout = P3L OutputFon (hobject, ewventdats, handles)

¥ warargout cell arrav for returning output args (see VARALRGOUT)
¥ hOkhject handle to figure

¥ ewventdata reserved - to be defined in a future wversion of MATLAE
% handles structure with handles and user data (see GUIDATL)

Y Get default command line output from handles structure
wvarargout{l} = handles.output;

% ——-- Executez on button press in pushbuttonl.

function pushbuttonl Callback(hObject, ewventdata, handles)

hdbject handle to pushbuttonl (see SCED)

eventdata regerved - to he defined in a future wversion of MATLAE

e

handle= structure with handles and user data (see GUIDALATL)

H A

igure (shoutdefinition)

% ——=-- Executez on button press in pushbutton:s.
function pushbuttoni Callback(hObject, ewventdata, handles)

% hobhject handle to pushbuttonZ (see CED)

% ewventdata reserved - to be defined in a future wversion of MATLAR
% handles structure with handles and user data (see GUIDALATL)
figure (main menu)

% ——- Executes on button press in pushbuttons.
function pushbuttond Callback(hObject, ewventdata, handles)

¥ hOkhject handle to pushbuttonl [(see GCBO)
¥ eventdata reserved - to be defined in a future wersion of MATLAER
% handles structure with handles and user data (see GUIDATL)

figure (faultpro)



&

% ——— Executes on button press in pushbuttond.
function pushbuttond CallbackihObject, eventdata,
¥ hChject handle to pushbuttongd [(s=ee GCEO)

¥ ewventdata reserwved - to be defined in a future
% handles structure with handles and user data
figure [(main page)

% ——— Executes on button press in pushbuttonb.
function pushbuttons Callback(hCbhbject, eventdata,
% hiChject handle to pushbuttond [(see GCEBEO)

¥ pwentdata reserved - to be defined in a future
% handles structure with handles and user data
figure loptimal)

% ——— Executezs on button press in pushbuttons.
function pushbuttont Callback(hCbhbject, eventdata,
% hibhiject handle to pushbuttong [(see GCED)

% ewentdata reserwved - to be defined in a future
% handles structure with handles and user data

delete (handles.figurel)
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handlesz)

wersion of MATLAE
[see GUIDATL)

handles)

wverzion of MATLAE
[2ee GUIDATL)

handles)

verzsion of MATLAE
[2ee GUIDATL)
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APPENDIX G: M-File of Load flow Analysis (Example of 3-bus network)

=,

% ——— Executezs on button prezsz in pushbuttons.

function pushbuttoni Callback(hCbject, eventdata, handles)

% hChject handle to pushbhuttoni [(sZee GCEOD)

% ewventdata reserwved - to be defined in a future wersion of MATLAE
% handles= structure with handles and user data (see GUIDATAL)
figure (main menu]

delete (exampleiresultl)

delete (exampleial

delete (examplel)

delete (example]

% ——— Executez on button press in pushbuttong.
function pushbuttond Callback (hObject, ewventdata, handles)

3 hCbject handle to pushbuttond [(=Zee GCEO)
% ewventdata reserwved - to be defined in a future wersion of MATLLE
% handlesz structure with handles and user data (see GUIDATA)

figure (example)
delete (exampleiresultl)
delete (exampleia)
delete (exampled)
% ——— Executez on button prezz in pushbuttong.
function pushbuttons Callback(hCbject, eventdata, handles)
% hChject handle to pushbhuttoneg [(Zee GCZEOD)
% ewventdata reserwved - to be defined in a future wersion of MATLAE
% handles= structure with handles and user data (see GUIDATAL)
busdsats=[1 1 1.05 0O ] ] ] ] ] ] ]
2 2 1.03 0 50 20 zo0 o ] ] ]
3 o0 1.0 ] g0 25 0 ] ] ] aj:

linedata=[1 & 0.08 0.z24 O 1

1 3 0.02 0.08 O

2 3 0D.086 0O.128 0O 1] :
basewwva = 100;

accuracy = 0.001;
accel = 1.8;
maxiter = 100;



Lfvhbu= % form the bus admittance matrix
Lfnewton % Load flow solution by newvton-raphson method
Eusout % Printz the power flow solution on the screen
Lineflowl

set (handles.edits, 'String' ,iter)
zet (handlez.editl, '3tring' maxerror)
set (handles.edits, '3tring' ,Pgt)
zet (handles.edit3, '3tring' ,Qgt)
set (handles.editd, 'String' ,Pdt)
zget (handlezs.edith, '3tring' ,QdL)
set (handles.edit?, '3tring' ,real (3LT1)
zet (handle=s.edits, '3tring' , imag (3LT1)
figure (PFAresultex3)
delete [(examnpleda)
% ——— Executezs on button prezz in pushbutton?.
function pushbutton? Callback(hCbject, eventdata, handles)
% hChject handle to pushbhutton? [(Zee GCEOD)
% ewventdata reserwved - to be defined in a future wersion of MATLAE
% handles= structure with handles and user data (see GUIDATAL)
busdsats=[1 1 1.05 0O ] ] ] ] ] ] ]
2 2 1.03 0 50 20 zo0 o ] ] ]
3 o0 1.0 ] g0 25 0 ] ] ] aj:

linedats=[1 Z 0.08 0.24 O i

i 3 0,02 0,06 O 1

2 3 0.0 0.18 0O 1]:
basemwwra = 100;

accuracy = 0.001;
accel = 1.5;
maxiter = 100;
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Lfvbus % form the bus admittance matrix
1fgauss % Load flow solution by Gauss Siedel method
Eu=out % Prints the power flow solution on the screen

Lineflowl

zet (handles.edite, 'String' ,iter)

set (handles.editl, 'String'  maXerror)

set (handles.edit?, 'String' ,Pgt)

Zet (handles.edits, 'String' ,Qgt)

zet (handles.editd, 'String' ,PdL)

set (handles.edith, 'String' ,Qdt)

set (handles.edit?, 'String' ,real (3LT))

set (handles.edits, 'String' , imag (3LT))

figure (FFiAresultlexi)

delete [examplela)

% ——-— Executes on button press in pushbuttond.
function pushbuttons Callback (hObject, ewventdata, handles)

% hiobiject handle to pushbuttond (see GCEO)
% eventdata reserved - to be defined in a future wersion of MATLLE
% handles structure with handles and user data (see GUIDATAL)

bhusdata=[1 1 1.05 0 0 0 0 0 0 0 0
2 2 1.03 0O 50 20 zZ0 0O 0 0 0
3 0 1.0 u] 60 =25 0 u] u] u] oj:

linedata=[1 2 0.08 O0.24 0O 1

1 3 0.02 0.068 O 1

2 3 0.06 0.18 0O 1]:
basemwwa = 100;

aocuracy = 0.001;
accel = 1.8;
maxiter = 100;

97



Lfvbus= L form the bus admittance matrix
Decouple % Load flow solution by fast decoupled method
Eusout % Prints the power flow solution on the screen

Lineflowl

set (handles.edits, 'String' ,iter)

set (handles.editl, '3tring' ,maxerror)
zet (handles.edits, 'String' ,Pgt)

set (handles.edit3d, 'String' ,Qgt)

set (handles.editd, 'String' , Pdt)

Zet (handles.edith, 'String' ,Qdt)

zet (handles.edit?, 'S3tring' ,real (3LT))
set (handles.edits, 'String' , iwag (SLTY)
figure (PFAresultZexd)

delete [examplela)

+,

%4 ——— Executes on button press in pushbuttonS.

function pushbuttons Callback (hObject, eventdata, handles)

% hiobject handle to pushbutton? [(sSee GCEOQ)

3 ewventdata reserved - to be defined in a future wersion of MATLAE
5

handles structure with handles and user data (see GUIDLTL)
commandw indow
% ——— Executes on button press in pushbuttonlo.
function pushbuttonld Callback (hdbject, eventdata, handles)

% hibject handle to pushbuttonlld [(see GCEO)

% eventdata reserwved - to be defined in a future wersion of MATLAR
% handles= structure with handles and user data (see GUIDATL)
cormandwindow

% ——— Executes on button press in pushbuttonll.

funetion pushbuttonll Callback (hObject, eventdata, handles)

% hibiject handle to pushbuttonll (see GCZED)

% eventdata reserved - to be defined in a future wersion of MATLAR
% handle= structure with handles and user data (see GUIDATL)
cortnstcdw indow

98



99

APPENDIX H: M-File of Optimal Dispatch ( Sudden Change in Power)

o

% ——-- Executez on button press in pushbuttonl.

function pushbuttonl Callback(hObject, ewventdata, handles)

% hobhject handle to pushbuttonl (see SCED)

% ewventdata reserved - to be defined in a future wversion of MATLAR
% handles structure with handles and user data (see GUIDALATL)

o

¥ et user input from GUI

PO= ztridouble(get (handles.P0O, '23tring' 1) ;
E = ztridouble(get (handles.E,'String' )]
WV = strZdouble (get (handles.V, 'String' )] ;
X = gtridouble (get (handles. X, '3tring' 1) ;

Pemax= E*V/X:
if PO >= Pemax

return, end
dd=a=in (FO/ Pemwax) ;
delta = 0:.01:pi;

Fe = Pemax*sinidelta):

dinax=pi;

Dctnax=1;

while abs(Ddwax) > 0.00001

Df = coz(dd) - (sin(dmax) ¥ (doax-—d0) +cos (dmoax) )

J=coz (dmax) ¥ [(dinax-d40) ;
Ddmax=Df/J;
dmax=dmax+Ddinax;

end

do=pi-dmax:

Pmz=Pemwmax*s=in(dc) !

Prx =[0 pi-d0]*180/pi; Pwy=[P0O PO]:

PmZx=[0 dmwax] *180/pi; PmZy=[PmZ PmZ]:

¥0=[d0 d0i] *180/pi; vO=[0 PmZ]: xc=[dc do] #180/pi; wo=[0 Pemax*sin(do)]:
xw=[dwax dmwax] ¥*180/pi; vw=[0 Pemax*zin (dwax)]:

A0=d0*180/pi; dmax=dmax*180/pi; do=doe*l180/pi:

®=(do:.1:dc) ;

v=Pemax*zin(x*pis150)
tyl=Pelmax*sin(d0*pis 180 ;
sye=Peimax*sin(de*pis 180 ;
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¥=[d0 = dec]:

v=[FmZ v PmZ]:
wx=do: . 1 dax;
h=FPemax¥zini(xx*pis 130) ;
¥x=[de xx  doax] ;

hh=[PmZ h FPmz]:
delta=delta*l180/pi;
Ycaloulate Lhe paramweters

fprintf{'"nInitial power =%7.3f p.u.hvn', PO)
fprintf('Initial power angle =37 .3f degrees “n', d0)
fprintf('Zudden additional power =£7.3f p.u.hvn', PmZ-P0O)
fprintf (' Total power for critical stability =%7.3L£ p.u.'n', Pmz)
fprintf (' Maximun angle swing =%7.3f degreez n', dmax)
fprintf [ 'MNew operating angle =:£7.3f degreez “ninin', do)

(Plotcing the graph

h = figure: figureih):

fill(x=,v, 'm")

hold;

fill(=x,hh,'c")

plot {delts, Pe,'-', Pmx, Pwy,'a', Pmix,Pmivy,'y', =0,¥0,'c', xc,vyc, xm,vm, 'r'), grid
title('Equal-area criterion applied to the sudden change in power')

®xlakbel('Fower angle, degree'), wlabel(' Fower, per unit')
axis ([0 180 0O 1.1*Pemax])
hold off;

% ——- Executes on button press in pushbutton:g.
function pushbuttond Callback(hObject, ewventdata, handles)

¥ hOkhject handle to pushbuttoni [(see GCBO)
¥ eventdata reserved - to be defined in a future wersion of MATLAER
% handles structure with handles and user data (see GUIDATL)

figure (Type of Equal Aresa Criterion Application)
delete ([EAC Sudden Change In Power)

function Help menu Callback (hCbject, ewventdatsa, handles)

% hibject handle to Help menu (ses GCEBO)

% ewentdata reserved - to be defined in a future wversion of MATLAE
% handles structure with handles and user data (see GUIDLTL)

I

notepad Application of Equal Area Criterion dus to sudden changs in power.txt
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funetion Exit mwenu CallbackihObhject, eventdata, handles)

% hlbject handle to Exit menu (see GCEO)
¥ ewentdata reserved - to he defined in a future wersion of MATLAE
% handles= structure with handles and user data (See GUIDATA)

% Get the current position of the GUI from the handlezs structure
% to pass to the mwodal dialaog.

poz_=2ize = get (handleza.figurel, 'Position']:;

% Call modaldlg with the argument 'FPosition'.

user response = exit('Title','Confirm Close']:

switch user response

case {'No'}l

% take no action

case 'Yes!

% Prepare to close GUI application window

AL

e

gquit
end

5 —-- Executes on button press in pushbuttonid.

function pushbuctoni Callback(hObject, eventdata, handles)

hibject handle to pushbuttoni [(see GZEOQ)

eventdata reserved - to be defined in a future wersion of MATLAE

% handles structure with handlez and user data (see GUIDATA)

'notepad Lpplication of Equal Ares Criterion due to sudden change in power.txt

e

e



