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ABSTRACT

This study developed a system analyses the singesep transformer by
generates the equivalent circuit and solve theadharistic such as efficiency of the
transformer. This project will be used in undergiaie purpose learning and it will
be carried out by using graphical user interfac&JIjGof Visual Basic (VB)
programming language environment. This system @auitaded into two sections
which are to obtain the equivalent circuit of thransformer and to obtain the
efficiency of the transformer. First stage of thegram will prompt user to key in
the results from transformer test which are thenegecuit test (no-load test) and
short circuit test. Program will analyze the datal dhe equivalent circuit of the
transformer will be display as a results. This tiorc returns the referred equivalent
circuit for primary and secondary winding. Afteruggplent circuits are obtained, in
second stage of the program, the user is promptehter the load specification to
obtain the transformer performance characteriatituding an efficiency curve from
25 to 125 percent of full-load.
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ABSTRAK

Kajian ini memajukan satu sistem menganalisa pemigsatu fasa dengan
manghasilkan litar setaraf dan menyelesaikan ségierti kecekapan pengubah
tersebut. Projek ini akan digunakan dalam tujuambgdajaran palajar prasiswazah
dan akan dihasilkan dengan menggunakan antaramak gengguna iaitu Visual
Basic (VB) persekitaran bahasa pengaturcaraarensisti boleh dibahagikan kepada
dua bahagian iaitu untuk memperoleh litar setarafigpbah dan memperoleh
kecekapan pengubah. Peringkat pertama program kan aneminta pengguna
memasukkan keputusan daripada ujian pengubahupdto litar terbuka dan ujian
litar tertutup. Program akan menganalisa data dtam betara pengubah akan
dipamerkan sebagai hasil analisa. Peranan ini nasilghn litar setara pengubah
merujuk kepada belitan utama dan sekunder. Selapagperoleh litar setara, dalam
fasa kedua program tersebut, pengguna diminta swkan spesifikasi beban
untuk mendapatkan sifat prestasi pengubah termgatik lengkungan kecekapan

dari 25 hingga 125 peratus dari beban penuh.
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CHAPTER 1

INTRODUCTION

1.1 Overview

This study developed a system that can solve thglesiphase transformer
problems. First, the windings of transformers heasistance and the cores are not
infinitely permeable. Furthermore, the flux produsethe primary is not completely
captured by the secondary. And finally, the iromesoproduce eddy-current and
hysteresis losses, which contribute to the temperaise of the transformer [2]. By
using this simulation, the properties of a pradticansformer can be described by an
equivalent circuit. This system will be carried dytusing Graphical User Interface
(GUI) that will be developing using Visual BasicEY.

I Ea +1¥a I
A3

+ v L +

w

Vi Ea 1 I:I Vo

Figure 1.1: The equivalent circuit of the transfermeferred to primary.

There are many reasons for using computer-aidetysamaprograms for
analyzing circuits, such as high computational dpefedigital computers that offer
great saving time for large circuit analyzed. Thecpss to obtain the transformer
equivalent circuits consists of various methodsnathematical calculation which is
difficult to perform by hand. The calculation caa easily done by computer which



is generated by a program developed using VisusicB&B). Hence errors done by
manual calculation can also be eliminated. This maer-aided diagram will offer

suitable medium learning for electric machine fodergraduate’s purpose learning.

1.2  Objectives

There are three main objective of the project wisch

1. To develop a system that analyses the single ghassformer and generates
the equivalent circuit comprising an ideal transfer and resistance and

reactance.

2. To solve the characteristic such as efficiencyhefttansformer.

3. To offer the suitable medium learning for electrizeachine for students.

1.3  Scopes

1.3.1 Transformer Analysis

The equivalent circuit model of a transformer i®wh in Figure 1.1. The
equivalent circuits consist of an ideal transfornoérratio N1:N2 together with
elements which is represent the imperfections ef ral transformer. An ideal
transformer would have winding with zero resistaremed a lossless, infinite
permeability core [1]. In the practical transformtiiere are properties must be taken
into accounts which are iron losses, magnetiziragteace, leakage reactance and

winding resistance.

The equivalent circuit can now be used to predicé tperformance

characteristic of the transformer. An importancgeas is the transformer efficiency.



Another importance performance characteristic ef titansformer is change in the
secondary voltage from no-load to full-load. A figuo merit used to compare the

relative performance of different transformer is ttoltage regulation [1].

1.3.2 Develop the GUI Using Visual Basic

The development of a Graphical User Interface (G8/sing Visual Basic.
Visual Basic is the easier programming to learrC@mputer cannot understand any
person’s spoken language. A spoken language suEhgish, French, is simply too
general and ambiguous for computers to undersfmetefore, we must adapt to the

machine and learn the computer language so thabti@uter can understand [6].



CHAPTER 2

LITERATURE REVIEW

2.1 Hadi Saadat Software

Every copies of a Power System Analysis text booktain a copy of
programming data to perform the fault analysis @siMATLAB [1]. The
programming data is to be installed in the MATLABogram to be put in the
MATLAB's library.

This program is developed for obtaining the trarmsfer characteristic. It can
be used independently when the arguments of thetifuns are defined in the
MATLAB environment. The user will be prompted totenthe required data [1].
Figure 2.1 (a) & (b) show the GUI:
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2.2 Transformer

2.21 Transformer Operation

A transformer is an electromagnetic device haviwg br more mutually
coupled windings (share a common magnetic circliyure below show a two-
winding, ideal transformer; the transformer is ideathe sense that its core is
lossless and is infinitely permeable, it has nddege fluxes, and the windings have
no losses [3].

—

I! ﬂ I:
> = - >
Ei N, N; L E:

N e gt
Figure 2.2

In Figure 2.2, the basic components are the cbhesptimary winding, Nand
the secondary winding, NIf @ is the mutual (or core) flux threading each turiNg
and N, then according to Faraday’s Law of electromagnietiluction, emfs gand
& are induced in Nand N, given by [3]

d¢ d¢

=N,— e =N
€ 1 dt 2 2 dt (4.01)

The direction of e is such as to produce a curtleat gives rise to a flux
which opposes the flux chang® (Lenz’s Law). From (4.1),,6 & = N; / Np, or in

terms of rms values,

E,

Nl_
—=—=a
E2 N2

(4.02)

where a is the turn ratio [3].



The transformer being ideak & v; and @ = v in Figure 4.2; hence the flux

and voltage are related by [3]

1 1
Q= —jvldt = —Ivzdt
N, N, (4.03)
If the flux varies sinusoidallg, = @,,, sin wt, then the corresponding induced
voltage, e, in an N-turn winding is given by

e=aNg,_ cosat (4.04)

and the rms value of this induced voltage is

E= aNg, _

444N,
V2 (4.05)

which is known as the emf equation. In (4.5), 4271 is the flux frequency in Hz

[3].

2.2.2 Voltage, Current and Impedance Transfor mations

Transformers are used to effect voltage, currentd ampedance
transformations, and to provide isolation (thatteseliminate direct connections
between electrical circuits). The voltage transfation property of an ideal

transformer was developed in Section 4.21:

E_,
E, (4.06)

Vi
V2

where the subscripts 1 and 2 respectively correspion the primary and the

secondary sides [3].

For an ideal transformer, the net mmf around itgme#sic circuit must be
zero. Thus, N - N2l =0, or [3]



Iz
Iy

Ny
N2

(4.07)
From (4.06) and (4.07), it can be shown that if éi@nce Zis connected to

the secondary, the impedanceséen at the primary satisfies [3]

(4.08)

2.2.3 Nonideal Transfor mer

An actual transformer differs from an ideal tramsfer in that the former has
hysteresis and eddy-current (core) losses andeséstive (fR) losses in its primary
and secondary windings. Furthermore, the core ofomideal transformer is not
perfectly permeable and requires a finite mmf tsmnagnetization. Also, because of

leakage, not all fluxes link with the primary sitarieously in a nonideal transformer

[3].

2.2.4 Equivalent Circuits

An equivalent circuit of an ideal transformer i®®im in Figure 2.3(a). When
the effects of winding resistances, leakage reaetamagnetizing reactance and core
losses are included, the circuit of Figure 2.3@suits, in which the primary and the
secondary are coupled by an ideal transformer neagetmoved from Figure 2.3(b)
and the entire equivalent circuit may be referrigbee to the primary as in Figure
2.4(a) or to the secondary as in Figure 2.4(b) [3].



Figure 2.3 (b): Nonideal transformer.

Ry X, a’R, a’X;
—.WV_’._NY\__‘
* I I Lfa *
Vi R, X aV;
I ) 8

Figure 2.4 (a): Equivalent circuit of a nonidealrisformer referred to primary.

Ri/a? X\/a? R; X,
_NW__’_M\_‘_NW_)_KW\_
* al, ah | I
Vila RJ/a? —3 Xnla?
al, al,,

Figure 2.4(b): Equivalent circuit of a nonidealnséormer referred to secondary.

A phasor diagram for the circuit of Figure 2.5tlve case of lagging power
factor, is shown in figure below [3]. The variougrols in Figure 2.3, Figure 2.4

and Figure 2.5 are:

a= turns ratio
E; = primary induced voltage
E.= secondary induced voltage
V1= primary terminal voltage
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V,= secondary terminal voltage
[; = primary current
I,= secondary current
lo= no-load current

R; = resistance of the primary winding

R, = resistance of the secondary winding

X1 = primary leakage reactance

X, = secondary leakage reactance

Im and X,= magnetizing current and reactance
Ic and R= current and resistance accounting for the cagsds

Figure 2.5

2.25 Testson Transformers

Transformer performance characteristics can beirddarom the equivalent
circuits of Section 4.24. The circuit parameters determined either from design

data or from test data. The two common tests afellasvs [3].

2.2.5.1 Open-Circuit Test

Here one winding is open-circuited and a voltagessually the rated voltage
at rated frequency - is applied to the other wigdixoltage, current, and power at
the terminals of this winding are measured. Thenegiecuit voltage of the second
winding is also measured, and from this measuremexiteck on the turns ratio can

be obtained. It is usually convenient to apply & voltage to the winding that has
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a voltage rating equal to that of the available owource. For step-up voltage
transformers, this means that the open-circuitagatof the second winding will be
higher than the applied voltage, sometimes muchdrigCare must be exercised in
guarding the terminals of this winding to insure tafety of test personnel and to
prevent these terminals from getting close to othelectrical circuits,

instrumentation, grounds and so forth [3].

In presenting the no-load parameters obtainabla st data, it is assumed
that voltage is applied to the primary and that skeondary is open-circuited. The
no-load power loss is equal to the wattmeter raadirthis test; core loss is found by
subtracting the ohmic loss in the primary, whichusually small and may be
neglected in some cases. Thus, §f B, and \} are the input power, current, and
voltage, then the core loss is given by

-p _12
Fe=FR-1oR (4.09)

The primary induced voltage is, in phasor form,

E, =V,00° - (1,06,)(R + jX,) (4.10)

wheref =no-load power-factor angke cos™*(P,/V,I,). Other circuit quantities are
found from [3]:

EZ P
= | =—¢%

A “7E, |y =12-12
Xm:E a:L
Im EZ

(4.11)

2.2.5.2 Short-Circuit Test

In this test, one winding is short-circuited acrdsgerminals, and a reduced
voltage is applied to the other winding. This regllizoltage is of such a magnitude

as to cause a specific value of current - usu&léy rated current - to flow in the
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short-circuited winding. Again, the choice of thénding to be short-circuited is

usually determined by the measuring equipment abkel Care must be taken to
note which winding is short-circuited, for it widlerve as the reference winding for
expressing the impedance components obtained irtesie Here we shall let the

secondary be short-circuited and the reduced wlbegapplied to the primary.

R, X,

I "R+ aR, X+ @
¥, B~ — M VWA aaa" o an'
Vi

Figure 2.6

With a very low voltage applied to the primary wimgl, the core-loss current
and magnetizing current become very small and ¢joévalent circuit reduces to that

of Figure 2.6. Thus, if  Is and \4 are the input power, current, and voltage under

short circuit, then, referred to the primary,

V,
zZ, ==
I (4.12)
P
R +a’R, = :I_z
s (4.13)
2 — - 2 _p2
xl +ta x2 - Xs Zs Rs (414)

Given R1 and a R2 can be found from (4.13). Inf}itLis usually assumed

that the leakage reactance is divided equally betvike primary and the secondary;

that is [3],

(4.15)
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2.3 Visual Basic

Visual Basic (VB) is an event driven programmingdaage and associated
development environment from Microsoft for its CQivbgramming model. VB has
been replaced by Visual Basic.NET. The older versib VB was derived heavily
from BASIC and enables the rapid application degweient (RAD) of graphical user
interface (GUI) applications, access to databasasguDAO, RDO, or ADO, and

creation of ActiveX controls and objects [4].

Visual Basic is a high level programming languagelwed from the earlier
DOS version called BASIC. BASIC means Beginnersl-pArpose Symbolic
Instruction Code. It is a fairly easy programmiagduage to learn. The codes look a
bit like English Language. Different software com@s produced different version
of BASIC, such as Microsoft QBASIC, QUICKBASIC, GWABIC, IBM BASICA

and so on [5].

A Computer cannot understand any person’s spokegukge. A spoken
language such as English, French, is simply tooeggnand ambiguous for
computers to understand. Therefore, we must adaphe machine and learn the
computer language so that the computer can undelstis is where visual basic
comes into it - when you type visual basic souroéecinto the computer, the
computer processes these statements into Visuat Baguage. The statements in
visual basic, however, do not have multiple measninithin the same context [6].

Figure 2.7 is the example for Visual Basic Prograngn
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CHAPTER 3

METHODOLOGY

3.1 Work Flow Chart

This chapter will explain about design, interface and the operation of the
software. Before looking at the detail of al the methods below, it is best to begin
with brief review the correlation of all methods. Figure 3.1 below show the

correlation of al methods in this project.
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Case Study
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Figure 3.
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1: Flow chart of working progress
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3.1.1 TheProgram

There are two parts which are the program that analyze the single phase
transformer and the GUI of the program. The first task isto develop the program.

3.1.1.1 Building Visual Basic Program

Before develop the program, thing must take consideration is the analysis to
obtain the equivalent circuits and the transformer characteristic. The hand calculation
was made to make sure there is no error in getting result. Then, the calculation was
converted into Visual Basic programming language. All the symbols and equations
must be defined.

A=VP/VS
ZP=ESC/1SC
RP=PSC/(ISC"2)
XP=(ZP"2-RPA2)A05
RM = (ES”2* A~ 2)/ PM
SM =ES* IO

QM =(SM"2-PM~2) 205
XM = (ES”2* A~2)/ QM

SLreal = SL * 1000
I2=SLreal / ES
A=VP/VS

11=12/A
Pcopper = (11" 2) * RP
Piron=PM

Plosses = Pcopper - -Piron
PO=SLred * Q

Pl = PO - -Plosses
EFF = (PO * 100) / P

3.1.1.2 Compile the Program

After the program was defined, compiling the program is necessary because
the software will automatically display the error if the program has any. This is the
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most importance step that to make sure the program is running without any mistake.

If there is any error in defining the equation, the program cannot run properly.

3.1.1.3 Test the Program

The program now can be test with an input entered by user. This will make
sure that the program can receive either the output data or the data that have been set
in the program itself. If the program is not running properly, the program must be

compiling again until the result is accurate.

3.1.2 TheGraphical User Interface

After developing the program, the GUI will take place. The command that
will be usein the GUI must be considered. The suitable command will make sure the

program for interfacing with program that analyzes the data going to be easy.

3.1.2.1 Develop the GUI Using Visual Basic

For the GUI, the command buttons, text boxes, frames, and option buttons are
used. All objects in the GUI must be defined according to the program that has been
made. If the defining process has any error, the GUI would not run get the input and

analyze the data.

S=Textl.Text
VP = Text2.Text
VS =Text3.Text
PM = Text4.Text
10 = Text5.Text
ES = Text6.Text
ESC = Text7.Text
PSC = Text8.Text
ISC = Text9.Text
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Open "C:/VB.txt" For Output As#1
Print #1, Text2.Text
Print #1, Text3.Text
Print #1, Text4.Text
Print #1, Text6.Text
Print #1, Text10.Text
Print #1, Text19.Text
Print #1, Text20.Text
Close #1

Open "C:/VB.txt" For Input As#1

Input #1, variablel, variable2, variable3, variable4, variable5, variabl e,
variable7

Text2.Text = variablel
Text3.Text = variable2
Text4.Text = variable3
Text6.Text = variable4
Text10.Text = variable5
Text19.Text = variableb
Text20.Text = variable7

Close #1

3.1.2.2 Displaying the Data in the GUI
The program was run and the results of the analysis were displayed in the text
boxes. The limit of the graph was set for two cases which are 25 to 125 percent of

full-load and 1 kVA to 300 MVA. The data must be defined properly to avoid any

error in the analysis and misunderstanding by the user.

3.1.2.3Test the GUI

The GUI was test and successfully developed.
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CHAPTER 4

RESULT, DISCUSSION AND ANALYSIS

After completing the project, the result is so iegsive where all expected
results are achieved. The system now can analgsitigle-phase transformer and
view the efficiency of the transformer. The GUItthleveloped using Visual Basic is

working properly. The program is ready to use lglents for their learning purpose.

4.1  Result of the Visual Basic Program

The GUI has been developed by using Visual Basithé first form show
the transformer test and the equivalent circuitsilevthe second show the
transformer characteristic including the efficierfegm 25 to 125 percent of full-

load.
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UNIVERSITI MALAYSIA PAHANG
FACULTY OF ELECTRICAL & ELECTRONICS ENGINEERING

Transformer Test

No-Load Power

Watts

[ &

Rated Volage

Valts

No-Load Current

LW Side
7 HY Side

Trarsfomer Rated Power, S L9208

Shoit-Circuit Short-Circuit
Primany Secondany Power Cument
Transfomer Rated Voltage E Watts e

Fiedhuced Input
Voltage

Walts

LY Side
7 HY Side

3

Open-Circuit Test

Short-Circuit Test

EQUIVALENT
CIRCUIT

Equivalent Circuit

’§ w i ?

Referred To Primary

Load Rated Power

KWy

Load pf

i

Referred To Secondary

TRANSFORMER
PERFORMANCE

X
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Figure 4.1 (a): Show the program main page wheze prompted to enter the

v

required data.

UNIVERSITI MALAYSIA PAHANG
FACULTY OF ELECTRICAL & ELECTRONICS ENGINEERING

Transformer Characteristic Effic:iem:y Cure
lion Loss =’— Wate 1 T T "
Copperloss=[  ‘Walls 97 d
Efleciency =[ %
Marimum Efficiency i %at 965
KV and power actor
> :
U g9 ¢
c
o
‘T 955
e
& | |
m % Gesnee B st
945
94 foebe] ‘ i i ; ;
100 150 200 250 300 350 400 450
<L) ‘ Load Power Rated KVA
TRANSFOMER TEST

Figure 4.1 (b): Show the transformer efficiency afficiency curve from 25 to

125% full load.
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411 Transformer Tests

Using the program is not difficult. User need tib the blank with the data
from transformer tests and select the side whiehtéist were conduct. There is an

example for user and it can be used to comparesthdt with the simulation.

Transtormer Test
Transtamer Rated Pawer, 5 500 K R T

Mo-Load Power Mo-Load Current Primany Secondan Power Current

FOO0 Watts o A Trangtomer Rated Voltage |E3000 4180 o400 Watts 4 )

Freduced Input
Valtage
[ZEqn Vol
é s
Open-Circuit Test Short-Circuit Test
EQUIVALENT
CIRCUIT

Figure 4.2: Data to be analyze.

Fiated Voltage
ED Wols

« LY Side LY Side

& HY Side

Transformer rated power = 500 kVA
Transformer rated voltage = 69000:4160 V

Open circuit test:- Short circuit test:-
Rated voltage = 4160 V Reduced input voltage = 2600 V
No load power = 5000 W Short circuit power = 2400 W
No load current =2 A Short circuit current = 4 A

4.1.2 Equivalent Circuit of the Transformer

The program now analyzes the data and the viewehdt of the equivalent
circuits that referred to the primary and secondending of the transformer. Below

is a calculation to obtain the equivalent circuit.

Equivalent Circuit

[150 |32 4555320 2
g ‘ R ' ‘
[852200 [715540.6591 I EEH [2602 345806
Referred To Primary Referred To Secondary

Load Rated Fower | | Load pf
[tooo kvA ]
TRANSFORMER
PERFORMANCE

Figure 4.3: The equivalent circuits.

X
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_ 2 2 _ —
X, = 2,2 — R, = /6507 — 1502 = 632.456 Q

_ E%(a?) _ 41602(16.587%)

B 000 = 952252.993 Q

Ry,
S = Es(I,) = 4160(2) = 8320 VA

Qm = [Spn? — P2 = /83202 — 50002 = 6649.992 Q

_ E;*(a*)  4160°(16.5877)

= = 715980.555 Q
Qm 6649.992

Xin

4.1.3 Transformer Efficiency

To obtain the efficiency of the transformer, useeds to enter the load
specification that connected to the transformenieal for an example; the 250kVA
load with power factor 0.8 was connecting to tla@asformer. Before we continue the
analysis, data need to be saved in text file scaveload the same data in second
form where the efficiency of the transformer waswed. It is one of the methods to

transfer the data between forms. The result is dhelaw in Figure 4.4.

Transformer Characteristic

lronLosz = (5000 W atts

Copper Loss = [31505.93613  “Watts

Effeciency = [d5 £3589660 %

t aximurn Efficiency iz 96.9576% at
3983716 KVA and power tactor 0.8

Figure 4.4: Transformer efficiency.
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; _SL_250000_600%1‘1
2T E T 4160 T
1_12_60.096_3623A
Y7 a 16587

Peopper = 1i*(R,) = 3.623%(150) = 1968.919 W
Piosses = Propper + Piron = 1968.919 + 5000 = 6968.919 W
P, = S,(p.f.) = 250000(0.8) = 200000 W

P; = P, + Pjys5es = 200000 + 6968.919 = 206968.919 W

200000

200000 oo
306968.919 (100%) = 96.63%

P,
n=—(100%) =
P,

Maximum efficiency occur whencBper= Pron

I, = B _ 5000—5774A
YR, 150 T T

I, = I,(a) = 5.774(16.587) = 95.774 A
S, = I,(E;) = 95.774(4160) = 398419.84 VA

P, = S,(p.f.) = 398419.84(0.8) = 318735.872 W

P, = P, + (2B,) = 318735.872 + 2(5000) = 328735.872 W

318735.872

318735872 . o
328735.872 (100%) = 96.96%

B
n=-2(100%) =
P,

For display graph in Visual Basic, the Dyna Plouged because it is more
simple compared to other VB component’s. Dyna Ra 32-bit chart control for

technical and scientific applications for Windowkhe installer comes with the

samples on many types of graph.

The program now displays the efficiency curve a transformer with the
data from the above calculation. The program vetl the limit of the graph so that

the user can see the highest point of the effigiecHowever, user can also zoom out

the graph to view from 1 to 300 MVA of load.
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% Efficiency Curve
97 | | | : |
96.5
96

955 |

Efficiency

95

945§

94

100 150 200 250 300 350 400 450
Zoom Load Power Rated KVA

Figure 4.5 (a): Show the efficiency curve from 8325 percent of full-load.

% Efficiency Curve

Efficiency

0 50000 100000 150000 200000 250000 300000
Load Power Rated kVA

Figure 4.5 (b): Show the efficiency from 1 to 300Kdf load.



4.2  Overall of Project Operation

NO

NO

START

\ 4

DATA FROM
TRANSFORMER

A 4
A

TESTS KEY IN
BY USER

OBTAIN EQUIVALENT
CIRCUITS

YES

PROMPT USER
TO KEY IN THE

A 4

LOAD
SPECIFICATION

OBTAIN
TRANSFORMER

YES
END

Figure 4.6: Block diagram of system flow

NO

The first form show the transformer test and theivalent circuits while the

second show the transformer characteristic inclydire efficiency from 25 to 125

percent of full-load. Using the program is not idifilt. User need to fill the blank

with the data from transformer tests and selecsittie which the test were conduct.
Then, user need to press the “EQUIVALENT CIRCUITSsitton.
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When the “EQUIVALENT CIRCUITS” button was presseitie program
now analyzes the data and the view the resulte®tjuivalent circuits that referred
to the primary and secondary winding of the tramsfr. User can change the

transformer tests data for other analysis.

To obtain the efficiency of the transformer, useeds to enter the load
specification that connected to the transformenieal. Then, user need to press the
“TRANSFORMER PERFORMANCE” button to get the effioy of the

transformer.

After the “TRANSFORMER PERFORMANCE” button was mesthe
program loads the second form and now displays dffieiency curve of the
transformer with the data from the above calcutatibhe program will set the limit
of the graph so that the user can see the higluast of the efficiency. However,
user can also zoom out the graph by press the “ZO@Mon to view from 1 to 300
MVA of load. User also can press the “TRANSFORMERSI” button to do

another analysis back from the transformer test.
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CHAPTER S

CONCLUSION AND RECOMMENDATIONS

51 Summary of the Work

The simulation and development of a software paekimy Single Phase
Transformer Analysis has been presented in thiggorhe development of the user
friendly software package using Visual Basic is cassfully completed after
thorough and methodical research of the transforamatysis studies. Through the
magnitude of the project, it is concluded that \éEaigood platform to develop a user
friendly software package to calculate and analywe transformer. The designed
GUI is actually complicated rather than the looks ibtook efforts and hard work to
do advance programming language. The objectivénisfgroject is to analyses the
single phase transformer and generates the equiveieeuit comprising an ideal
transformer and resistance and reactance is fallgldped and also able to solve the
characteristic such as efficiency of the transfornidne systems offer the suitable

medium learning for electrical machine for students

52 Recommendations For the Future Work

For the future development and enhancement, tmermach more can do
with this system to improve the system. Here ises@mhancement of this project

that should add in future:-

1. Upgrade the program for more function and not kaiitor single phase

transformer only. There are many electrical machare be analyze such as
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induction machine, generator, even the fault amalysthe transmission

system.

Upgrade the system including save function. Thewurom the transformer
analysis can be future references if the calculadiod the graph can be save

into Microsoft Excel.

. The basic feature of the software could improvetdging some valuable
information and entertainment to the GUI. The layoauld be smoothen or
redesign to be more user friendly. Adding the instion or program’s

manual together along with the program also cap fit timer.
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APPENDIX A
Program Design

Private Sub Form_Load()
Frame8.Visible = False
Framel3.Visible = False

End Sub

Program to select test cases

Private Sub Option1_Click()
Option4.Value = True
End Sub

Private Sub Option2_Click()
Option3.Value = True
End Sub

Private Sub Option3_Click()
Option2.Value = True
End Sub

Private Sub Option4_Click()
Optionl.Value = True
End Sub

Declarethevariable
Private Sub Command1_Click()

S = Textl.Text
VP = Text2.Text
VS = Text3.Text
PM = Text4.Text
IO = Text5.Text
ES = Text6.Text
ESC = Text7.Text
PSC = Text8.Text
ISC = Text9.Text

Begin the calculations

If Option1.Value = True Then
A=VP/VS
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ZP =ESC/ISC
RP =PSC/(ISC* 2)
XP=(ZP"2-RP"2)"0.5
RM=(ES""2*A"2)/PM
SM=ES*IO
QM=(SM"2-PM"2)"0.5
XM=(ES""2*A"2)/ QM
Textl0.Text = RP
Textll.Text = XP
Textl2.Text = RM
Textl3.Text = XM
Textl4.Text=RM /A" 2
Textl5.Text=XM /A" 2
Textl6.Text=RP/A "2
Textl7.Text=XP/A"2
End If

If Option2.Value = True Then
A=VP/VS
ZP =ESC/ISC
RP =PSC/(ISC* 2)
XP=(ZP"2-RP"2)"0.5
RM=(ES""2*A"2)/PM
SM=ES*I10
QM=(SM"2-PM"2)"0.5
XM=(ES""2*A"2)/ QM
Textl0.Text=RP/A"2
Textll.Text=XP /A2
Textl2.Text=RM /A" 2
Textl3.Text=XM/A"2
Textl4.Text = RM
Textl5.Text = XM
Textl6.Text = RP
Textl7.Text = XP

End If

End Sub

Save the output in text form
Private Sub Command2_Click()

Open "C:/VB.txt" For Output As #1
Print #1, Text2.Text
Print #1, Text3.Text
Print #1, Text4.Text



34

Print #1, Text6.Text

Print #1, Text10.Text

Print #1, Text19.Text

Print #1, Text20.Text
Close #1

Form2.Show
Form1.Hide

End Sub

Private Sub Command3_Click()
Beep
End

End Sub

L oad the output to second form

Private Sub Form_Load()
Text2.Visible = False
Text3.Visible = False
Text4.Visible = False
Text6.Visible = False
Text10.Visible = False
Text19.Visible = False
Text20.Visible = False

Open "C:/VB.txt" For Input As #1

Input #1, variablel, variable2, variable3, abte4, variable5, variable6, variable7
Text2.Text = variablel
Text3.Text = variable2
Text4.Text = variable3
Text6.Text = variable4
Text10.Text = variable5
Text19.Text = variable6
Text20.Text = variable7

Close #1

Begin the calculations

VP = Text2.Text
VS = Text3.Text
PM = Text4.Text
ES = Text6.Text
RP = Text10.Text
SL = Text19.Text
Q = Text20.Text

SLreal = SL * 1000
|2 =SLreal / ES



A=VP/VS

11=12/A

Pcopper = (11 *2) * RP
Piron = PM

Plosses = Pcopper - -Piron
PO =SLreal *Q

Pl = PO - -Plosses

EFF = (PO * 100) / PI

Text22.Text = Piron
Text23.Text = Pcopper
Text24.Text = EFF

112 = (PM/RP)"0.5

22 =112 * A

SlLreal2 =122 * ES

SL2 = SLreal2 / 1000
PO2 = SLreal2 * Q

PI2 =PO2 - -(2 * PM)
EFF2 = (PO2 * 100) / P12

Text25.Text = EFF2
Text26.Text = SL2
Text27.Text=Q

X1=S5L2*0.25
X2=S5L2*1.25

SL3=X1

SLreal3 = SL3 * 1000

123 = SLreal3 / ES
A=VP/VS

113=123/A

Pcopper3 = (113" 2) *RP
Piron = PM

Plosses3 = Pcopper3 - -Piron
PO3 =SLreal3 * Q

PI3 = PO3 - -Plosses3
EFF3 = (PO3 * 100) / PI3

Y1 = EFF3
Y2 = ((EFF2 - EFF3) / 10) - -EFF2

Set the graph axisand unit

DynaPlotl.Axes.XAxis.From = X1
DynaPlotl.Axes.XAxis.To = X2
DynaPlotl.Axes.YAxis.From = Y1
DynaPlotl.Axes.YAxis.To = Y2

35



36

DynaPlotl.Chart. TextDescriptor(dpsTEXTDESC_XxT= "Load Power Rated"
DynaPlotl.Chart. TextDescriptor(dpsTEXTDESC_XUNText = "kVA"
DynaPlotl.Chart. TextDescriptor(dpsTEXTDESC ¥xi= "Efficiency"
DynaPlotl.Chart. TextDescriptor(dpsTEXTDESC_YUNText = "%"
DynaPlotl.Chart. TextDescriptor(dpsTEXTDESC_TE)LText = "Efficiency
Curve"

Plot the graph

Const N = 200000
Dim y(N - 1)

Dimi As Long
Dim C As Curve

Fori=0ToN-1
y(i) = (i * Q * 100000) / ((i * Q * 1000) «(PM) - -((((i * 1000) / (ES * A)) " 2)
* RP))

Next
Set C = DynaPlotl.DataCurves.AddParamé@ic¢"”, O, 1, y, -1).Curve

End Sub

Private Sub Command1_Click()
Beep
End

End Sub

Private Sub Command2_Click()
Form1.Show
Unload Me

End Sub

Zoom the graph

Private Sub Command3_Click()
Dim X, W

W=0

W = Textl.Text

If W<1Then

X=W--1

Textl.Text = X

End If

If W=1Then

Textl.Text=0

End If

If Textl.DataChanged Then GoTo bing:
bing:
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Text2.Visible = False
Text3.Visible = False
Text4.Visible = False
Text6.Visible = False
Text10.Visible = False
Text19.Visible = False
Text20.Visible = False

Open "C:/VB.txt" For Input As #1
Input #1, variablel, variable2, variable3, abte4, variable5, variable6, variable7
Text2.Text = variablel
Text3.Text = variable2
Text4.Text = variable3
Text6.Text = variable4
Text10.Text = variable5
Text19.Text = variable6
Text20.Text = variable7
Close #1

VP = Text2.Text
VS = Text3.Text
PM = Text4.Text
ES = Text6.Text
RP = Text10.Text
SL = Text19.Text
Q = Text20.Text

SLreal = SL * 1000

12 = SLreal / ES
A=VP/VS

11=12/A

Pcopper = (11~ 2) * RP
Piron = PM

Plosses = Pcopper - -Piron
PO = SLreal * Q

Pl = PO - -Plosses
EFF = (PO * 100) / PI
Text22.Text = Piron
Text23.Text = Pcopper
Text24.Text = EFF

112 = (PM/RP)"0.5

22 =112*A

SlLreal2 =122 * ES

SL2 = SLreal2 / 1000
PO2 = SLreal2 * Q

P12 =PO2 - -(2 * PM)
EFF2 = (PO2 * 100) / P12
Text25.Text = EFF2
Text26.Text = SL2



38

Text27.Text=Q
X1=SL2*0.25
X2 =SL2*1.25

SL3=X1

SLreal3 = SL3 * 1000

123 = SLreal3 / ES
A=VP/VS

113 =123/A

Pcopper3 = (113~ 2) * RP
Piron = PM

Plosses3 = Pcopper3 - -Piron
PO3 =SLreal3 * Q

PI3 = POS3 - -Plosses3

EFF3 = (PO3 * 100) / PI3

Y1l =EFF3

Y2 = ((EFF2 - EFF3) / 10) - -EFF2

If W=0 Then
DynaPlotl.Axes.XAxis.From = X1
DynaPlotl.Axes.XAxis.To = X2
DynaPlotl.Axes.YAxis.From = Y1
DynaPlotl.Axes.YAXxis.To = Y2

End If

If W=1Then
DynaPlotl.Axes.XAxis.From = 0
DynaPlotl.Axes.XAxis.To = 300000
DynaPlotl.Axes.YAXxis.From = 0
DynaPlotl.Axes.YAXxis.To = Y2

End If

DynaPlotl.Chart. TextDescriptor(dpsTEXTDESC_XxT= "Load Power Rated"
DynaPlotl.Chart. TextDescriptor(dpsTEXTDESC_XUNText = "kVA"
DynaPlotl.Chart. TextDescriptor(dpsTEXTDESC_¥xT= "Efficiency"”
DynaPlotl.Chart. TextDescriptor(dpsTEXTDESC_YUNText = "%"
DynaPlotl.Chart. TextDescriptor(dpsTEXTDESC_THE)LText = "Efficiency
Curve"

Const N = 300000
Dim y(N - 1)

Dim i As Long
Dim C As Curve

Fori=0ToN-1
y(@i) = (i* Q * 100000) / ((i * Q * 1000) -(PM) - -((((i * 1000) / (ES * A)) ~ 2)
* RP))
Next
Set C = DynaPlotl.DataCurves.AddParamé®@icé", O, 1, y, -1).Curve
End Sub



APPENDIX B

Example Program for Calculation

Dim Op1l, Op2

Dim DecimalFlag As Integer
Dim NumOps As Integer
Dim Lastinput

Dim OpFlag

Dim TempReadout

Private Sub Cancel_Click()
Readout = Format(0, "0.")
Opl=0
Op2=0
Form_Load

End Sub

Private Sub CancelEntry_Click()
Readout = Format(0, "0.")
DecimalFlag = False
Lastinput = "CE"

End Sub

Private Sub Decimal_Click()
If Lastinput = "NEG" Then
Readout = Format(0, "-0.")
Elself Lastinput <> "NUMS" Then
Readout = Format(0, "0.")
End If
DecimalFlag = True
Lastinput = "NUMS"
End Sub

Private Sub Form_Load()
DecimalFlag = False
NumOps =0
Lastinput = "NONE"
OpFlag=""

Readout = Format(0, "0.")

End Sub

Private Sub Number_Click(Index As Integer)
If Lastinput <> "NUMS" Then
Readout = Format(0, ".")
DecimalFlag = False
End If
If DecimalFlag Then
Readout = Readout + Number(Index).Caption

39



Else
Readout = Left(Readout, InStr(Readoutntad(0, ".")) - 1) +
Number(Index).Caption + Format(0, ".")
End If
If Lastinput = "NEG" Then Readout = "-" & Read
Lastinput = "NUMS"
End If
End Sub

Private Sub Operator_Click(Index As Integer)

TempReadout = Readout

If Lastinput = "NUMS" Then
NumOps = NumOps + 1

End If

Select Case NumOps

Case 0

If Operator(Index).Caption ="-" And Lastinpgt "NEG" Then
Readout = "-" & Readout
Lastinput = "NEG"

End If

Case 1

Opl = Readout

If Operator(Index).Caption = "-" And Lastinpgt "NUMS" And OpFlag
<>"="Then
Readout = "-"
Lastinput = "NEG"

End If

Case 2

Op2 = TempReadout

Select Case OpFlag

Case "+"

Opl = CDbl(Opl) + CDbI(Op2)

Case "-"

Opl = CDbl(Op1l) - CDbI(Op2)

Case "X"

Opl = CDbl(Opl) * CDbI(Op2)

Case "/"

If Op2 =0 Then
MsgBox "Can't divide by zero", 48alculator"

Else
Opl = CDbl(Opl) / CDbI(Op2)

End If

Case "="

Opl = CDbl(Op2)

Case "%"

Opl = CDbl(Opl) * CDbI(Op2)

End Select

Readout = Op1

NumOps =1

End Select
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If Lastinput <> "NEG" Then
Lastinput ="OPS"
OpFlag = Operator(Index).Caption
End If
End Sub

Private Sub Percent_Click()
Readout = Readout / 100
Lastinput = "Ops"
OpFlag = "%"

NumOps = NumOps + 1
DecimalFlag = True
End Sub
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