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Abstract

This poper discussed aboid power factor on
Frmonic effect due fo fppes of volage sowrce,
Uiarllp, the voltage sowrce @5 sinusoiddl. Bt in
acluadly, the condition of the load 5 Fas voligge
sonreas throngk the elements where Hre cutput voltage
of elemert as put to load i did ot pure sinusoidal,
B arample ot POC between transfrmer and lnear
load and nonlinear load e research has done with
Shkather Power Duclity Analvzer. Tle research was
Jocused to power Juctor {pf), THI and harmonic
energp losses cost from measurement where load is
Iduction motor and AST) Az woltage source in this
vesedrch are se wave and combinations of g
and 7% harmonic order Mm harmonic 313 and
Formonic 357,

Kepwords—lppe of vollage sowrce, power jaclor,
ener gy losses cost, fgrmonic, THD

1. Introduction

Caueed in this research discussing the kinds of
voltage sources used to serve the load, such as sine
vave, square wave and the combiration of the
tarmotics order, so necessary to discuss about Fourter
series. Because to analyze the harrnonics, applied the
Fourier series is appropriate. Actually, Fowder series is
a periodic function can be written as surs of infinitely
trany sine and cosing finctions of different frequencies
[1]E.J. Beerends et al {2003}, often expressed in terms
of the angular feguency Harmonic wawveform
distortion is one ofthe toost irportart issues today, In

LSEN 978-087-5760-03-7

utitrap . edu,

this paper discuss abowt inwestigation of barmonic
effect due to harmonic types of voltage sowrce, where
voltage sowrces are a few types of tarmonic waveform
Thiz case is as a part of system, where if a Point of
Cotrrnon Coupling (FCCY of one component nonlingar
load has supplied with another nonlinear load. In this
research, the load is Induction Motor with 450 was
supplied with Sine waveformn, Harrmonic T gt ang 7
cotrbiration wavefrm

The presence of farronic distortion in the applied
woltage to a motor will both increase electrical losses
and decrease efficiency. These losses will increase
motar terrperature, resulting in even firther losses
These currents passing through the systern impedance
cause woltage drops for each individual harrotic,
resulting in distortion of the woltage’s waveform The
effect of larmonic distortion of the woltage waveform
due to wmpacts motor perfonmance as p.f [HD and
THD for current and woltage, and energy losses due to
tarmonic. [2][3][4].

One of main bartnonics characteristic is: p. £ This is
a measwre of how effectively a specific load consumes
electricity to produce wotk The higher of power
factor, the more work produced fora given voltage and
currert. The relationships between power wector to
explain abowt power factor as Figare 1. From Figure 1,
the relationship between power and power factor for
Linear Loads and Non-Linear Loads are as follow

a.  Linear Loads

P kW

PS = a”

cosg )









The highest apparert power is larmonic 313
{02160 plase A, (0.234) phaze B but for phase C, sne
wave (0.122). The lowest is square (0.117) phase &,
{0.120% phase b and {0.068) phase C.

4.3. Power factor (p.f.)

Power factor (p £ for sine wave i3 highest inall
plase (0.29), {039 and (0.27) and sguare wave is
highest {0.20%, while the others voltage source just the
same (0.27) in phase A, but in phase B sguare wawe is
lowest and inphase ¢ barmonic 313 is lowest (0.21)

44, Cress Factor (C.F.)

For Cress Factor (C.F.) square wave is amallest in
prase A (6.0, and C (6.71) whils karroonic 313 is
tighest it all phase (8.33), (7.71)and (3.43.

4.5. THD voltage harmonic

For voltage Total Harmomic Distortion {THDY Sine
wave is the smallest for all plase (0.27%), (0.23%,
while square wawe is the biggest (41.11%), (41.07%)
and (41.10%).

4.6. THD current harmonic

For owrent Total Harmonic Distortion (THD)
termonic 313 is biggest (94.67%%) and (92.78), while
the smallest is square wawe (90.21%0 and (34.70)

5. Conclusion

Fromaralyze, the conclusion are:

1. Real power and apparent power loss due to type of
woltage source, harmnonic 313 ishiggest.

2. Power factor (p.f) for sine wave is highest in all
phasze and square wawe also, while the others
voltage sowce just the same in plase A, bt in
phase B square wawve is lowest and in phase c
harmonic 313 1= lowest

3. For Cress Factor (CF)) square wave is smallest in
phase A and C while harroonic 313 is highest in all
phase

4. For woltage Total Harmonic Distortion {THD) Sine
wave 1z the smallest for all phasze, while square
wave 15 the biggest.

5. For current Total Harmomic Distortion (THD)
harmaonic 313 iz higgest, while the srallest is
SOUATE WRTE.

6. Acknowledgement

The authors would like to express thelr gatitude o
the Fundamental Besearch Grant Schemne (FRGE),
=chool of Electrical Systemn Engineering of Universiti
Ifalayeia Perlis (UmIMAP) and Power Electronics and
Electrical Machine Design Research Cluster for the
supply of research facility respectively.

7. References

[1]. E. J. Beerends, H. G. Moarshe, 1. C. vandenBerg
and E. M. wvan de Ve, “Fourier and Laplace
Tromsforms ™, Translated from Dutch by E. L
Beerends, Carrbridge University Press, 2003

“Rrlt Fomednalsis POWER

TALITF " The 2004 Motor Reliahility
echnical Conference, PdliA Corporation

[3]. Bary W. Kemnedy, POWER QUALITY
FRIMEE, McGraw-Hill, Singapore, 2000

[4]. Francisco C. De La Fosa, “Harmonics and Power
Systerng”, Tavlor & Frencis, CRC, Boca Raton,
2006

[5]. J. Arrilaga, B.C.Srith N.R Watsor, & R Wood,
POWEE. SYSTEM HABRMONIC ANALYSIS,
John Wiley & Sons, Singapore, 2000

1. [EEE Fecommended Practices and Fequirements
for Hartnonic Control  in Electrical Poweer
Systerns



http://103.86.130.60/handle/123456789/21301



http://103.86.130.60/handle/123456789/21301

Froceedings of e Infernationa) Fostgraducte Conference on Enginearing (IPCE 2070)

6 - J7 October 20100 Ferlis, Malapsia

Development of Simple Multilevel Inverter Using Voltage Regulator IC

Rosnazri AliY, Tsmail Daut!, Soib Tait?, Risnidar C.B', Dina MM Ahmad!, Svafruddin Hasan®

Sehaol af Blecirical Sysisms Engineering,
Univarsisi Malaysia Perlis.
E-wmails rosnazri@uwimap edu.my

? Schoal af Blecirical & Blectronic Engineering,
Universiti mains Malaysia.
E-mail: snibtaib@eng. uem.my

Abstract

This poapar presents the daveloprert of @ simple 5-
level multilevel fverter for low power applications
that not exceeding 30 using the common LAGS0
voltage regulator TC0 A microc ontroller with dedicated
program is used to cortrol on the biasing resistance of
the IO emd H-bwidge werter i ovder to produce the
guasi-sinewave  looking wavaibrm. Analpsis of the
outpedt rasults are skown with levels of percentage
harmonics. The developmertt of this multilevel mverter
serves as o new concept of studp jor multilevel
imverters considering its simplicity and low cost

1. Introduction

Ilultilewel inverters have drawm significart inderest
in the power industry both in the industrial electronics
and renewable energy  applications. Such  power
cotrwerters that inwert DC to AC hawve been the prime
focus of many power electronic researches in order to
produce high perfortmance, reliable, energy efficient at
minimaun cost. Ideally, an inwerter is supposed to
produce a perfect sinusoidal woltage waveform from a
DC source, suitable to power-up common AC
applianees without any operatioral problems.

The inherent adwantages of multilevel inverters are
tawing lower harmonics output, lower EMI generation,
better output waweform (closer to sinusoidal), lower
dewice voltage stress and higher efficiency. With more
level, the staitcase waweform 18 much closer to the
anmenidal  waveform  [1][2])  Conwversely, the
disadvantages of nmltilevel inwerters are too
overwhelming The complexity of their circuits,

ISEN Q78-267-5760-03-7

wvolving  many DO supply  sowces, switching
cotrponents, capacitors, conplicated modulations and
switching  techniques, hawe mmde the oltilevel
inrverters technically clallenging and costly [3][4].

In this paper, sitnple novel approach of producing a
5-lewel roltilewel inverter for low power applications
using a woltage regulator [C (L350Y 15 introduced. In
reference to itz data sheet [3], the typical guaranteed
output currert { I, ) to a load is 34 with wariable output
voltage { V. ) from 1.2% to 33V and the differential
input and output woltage ( Vi — WV, ) is in between 3V
atwd 35V, Beries hiasing resistors are connected to the
adjustment terminal of the IC regulator to get different
output woltages as the selection of the resistors iz
cortrolled by a microcortroller (PIC16F628). A
programm was written into the microcontroller to tum-
onand off respective resistors in comrect sequence and
cortrol the MOSFET: o fthe bridge inverter in order to
get the multilevel output woltage closer to sinusoidal
waveform Depending on the program, the inverter can
be made to generate 50 Hz, 60Hz or other desirable
frequency wawveforms at the output.

2. Methodology

The block diagram of the concept is as shown in
Figure 1. The woltage regulator IC with biasing
resistors  is  represented as  the Progammeble
Adjustable Voltage Regulator block.



= Programmable’
|rmstab
.::‘__:MIJ_JL — H-bridge * Output
Regulsior mverier

S
|n|1u.‘_’| Microcontroller |
|

Figure 1. Concept of the multilewel inwerter

2.1. Design components of the voltage
regulator

L350
’ IH o —p VO
1 o l
—‘70.1-;:' INH

Figure 2. Typical application o fLII350

Referring to the Figure 1, the output voltage (V) s
detertrined by,

zf;,=1.25V(1+i_%urrﬁmﬂ2 (1
1

where F and Ry are the biasing resistors and Lupy is the
adjustment termiral current which 15 normally less
than 100u4.

For simplicity, an empirical formula iz used to get the
output woltage as required. By is chosento be 1206

Ry +120
°T 0

2

Let’s consider that By consists of 4 identical
resistors By, Ry, R, R with small signal transistors
(T1, T2, T3 & T4 connected across them as indicated
in Figure 3. The purpose of the transistors s to switch
the biasing resistors in sequence in order to generate 4
different voltage levels to the output. By applying
forrmala {2 and consider that By = By =R, =R =
560 1, then the output woltages (V) are shown in
Tahble 1.

Vi {30V olts) _LM35g v

Ry =Ru+ o+ Re+Ry

Figure 3. LIM350 circuit with switching transistors

Tahle 1. Selection of output woltages (Vo)

Lagic Total o
alb|c]|d R2 (Ohm =) (VWalts)
1111111 1] 1.31
o111 1111 560 75
ojojf1 11 1120 12.890
ojojof1 1650 18.75
gjojojao 2240 2455

Logic 0 - Law (0W)
Lagic 1 - High (+5%)

By applying logic signals to the base oftransistors
T1 ~ T4, the total resistanice Rythat acts as the biasing
resistant to the woltage regulator IC wall change its
value accordingly. Henee generating different output
voltages (Vo) wherehy providing direct supply to an H-
bridge inverter,



2.2. Microcontroller and H-Bridge Inverter
Circuit

To generate the necessary logic sigrmals and
sequential cortrols for the voltage regulator IC and H-
bridge irmverter, 2 microcontroller PIC16FE28 15 used
as the main controller. Figure 4 shows the diagram of
the circuit.

Figwe 4. Microcontroller and bridge invwerter
circuit

2.3. Determination of switching intervals for a
S0Hz sinewave
Consider the full sinewawe equation (3% as giver,
vi) = ¥, sinet (3

wherew(?) is the instanfaneous woltage, ¥, 15 the peak

arplitude and o=2¢" . In this case, f=50Hz ,
¥, =2dvand v =F,.

Using equation (37, the timing pammeters of woltage
cortrol levels to create a sinewawe is tabulated as in
Tahle 2.

Table 2. Voltageand timing controls

ol Mk cTns

7] [1] Il L B [ 5 [ m 5] ] Ho

131 0000 0.

115 ] 203

== 1806 ENETY

BI5 2851 7146

2350 L3 SE51

2400 21000

* In order to create a flat top waveform at the peak, the
maminmim voltage (Vo) is assumed to be 235V and
taken into the equation to get 4 and t6.

For further details, Figure 5 simplifies the tirning

sequence and voltage cordrols of Table 2 into a
wisualize form

00 M

2000
L2k
148 (-
100 |

Lo 20 L] 1 men 00
Time ras

Figure 5 Halfcyce of the sinewawve woltage and
tining cottrols

2.4. Flowchart of the program control
software

SETPORT B, L5, M 15 0N
Ry O, WE = 111

WART s
Gl

SET FORT BA, O
SETPORTES 4, B2 (TH
Ity = S50 Wi, Vo = 7.15%)

WAITL M
[=21H

ST PGRT B8, B3 OFF
SET PORT BA, B 5 OH
(R 1130 dhrms, Vo = 1290V

WAIT 1 b
ey

OO TINUE TO B







Analysis of the output waveform was talcen using a
power analyzer PR100 and the results are tabulated in
Table 3. All even harmonic walues were too srrall and
insignificart i0 be taken into account.

Wo=1384 Vrms

WVoltage THD = 10.81%

1* Harmonic {fundamental) Voltage = 13762
Wrms

Table 3. Harmonic mumbers and percentage harmonics

| Hamoai: No. | |5 | v | 9 | 1 | 13

3
= [ 05 | 3m0 | 3561 | TBIF | gl | 154

The harmonics spectrum of the output wawveform is
then plotted as depicted in Figure 9 below

Pemertage Hammonics ofthe Woltage Outpot

1

g 7 9
Harrnoric: Mornbers

% Harrmoric of
Rundarmertal
= — ha LT Y h

|

[]

I 12

(5]

Figure 9. Harmonics spectrum o fthe output wasweform

It iz ohserwed that all of the harmonic morbers
percertage is under 4% percent of the fundamental, in
which tolerahle in tnost cases.

4. Conclusion

& S-level multilewel inverter using a woltage
regulator IC (LW350) bas been proposed and tested. It
was shown that the method of controlling biasing
resistance of the adjust termiral ofthe regulator IC will
produce different voltage lewels. A mocrocontroller iz
used to fully control on the inverter operation as to
produce the necessary output wolta ge wave form
For better harrmonics elimiration, sroothing inductor
and capacitor can be connected across the output of the
inwerter to further eliminate or reduce the step
woltages, thus will irprove the harmonic conterts and
waveform to look asa pure sinewave.

Future exploration in the concept can be made i
parallel-up few of the woltage regulator ICs so that
increasing the output current for heavier load. Further
more, a step-up transformer can also be connected to
the lowewoltage outpt to increase the voltage to run
cormon AC electrical appliances.
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Abstract

A studp was conducted using sinusoidd wavefrim
to captre fux potiern ;1 CRGOD MS material in o
F000KVA TRV 3 phase fransfbrmer core. It is fund
that it takes about I8P electrical degree cpcle jor o
ool of fux to migrate Fom one core limb to the otfer
two limb. The computed and experimental values ot
L7T fux density for the core losses had shown o
difference of 4.2 % There ave two loops of fux flow
exist ot celp phase| wi) angle in the core. The kotspot
area of the core is near the inner core of the T joint
and along the core window. The 2D FEM software
used fas satisfied and flfill the objective of the work
interest.

1. Introduction

The airm of presenting this paper is to provide
contribution to the understanding of transformer losses
and ite flux pattemn behawior with regard to the
excitation current in each core limb A 2D finite
element method software is used to assist the
sirrmilation of the flux pattern in the core. Actual values
for the excitation currents are uwsed from the
experiment done on the core. There are numnerous
research worls that had been carried out to understand
the behawior of fusx and its critenia contribute to core
losses[1,2,3] The behavior of flux flow in the core is
important to the transformer designers in order to
achieve optimurn performance of the transfonmer.
2. Methodology

The worls method that 15 applied under this
experiment worlkois done as foll ows:

1y A transformer core with 45° V notch off set
design is selected for this work as shown in Figure 1
{a).

) The test circuit for the experiment is

displayed in Figure 2. Each core litnh will have the
200 turn for primery and secondary winding connected
in ¥ confimwation. The expeniment is executed at
induction level from 1T to 2 T and current excitation
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in each core imb and the losses walues are recorded
accordingly.
)] For the simulation work using 2D FEM, need
to ingert the BH material walues, anisotropy values
ftom DC magnetization curve at 45° and curent
excitation walues in  2) corresponding to sirmzoidal
angle wt as per Figure 3.
4 Perform sirnulation with FER sofiware
5 Analyze flux pattern and compare loss values
between computational and actual laboratory words
The core losses and fux pattern study was
perforrmed on a 1000 KWA 117433 KV to THNB
specification A core design using W notch core design
with 45° center limb cutting were tested under this
work The grade of CRGO material used in the
transformer care 15 M5 The core design is showm in
Figwe 1 The core is assembled with a 10 layer
thickness as per Figure (b} The W-notch T joint
geometrical design is hawing 7.1 mm peak to peak
distance with St owerdap gap. The corner joint is
usng norral 45° mitred cut.

B,
. —
215 mm

40 ram S60mm

210z0m
¥ \ et

1060 mm

Figure 1 {a)












The overall core loss by esperiment works at
1.7 T induction is recorded at 18.331 watt. From the
FEMM calculation the core losses is registered at
19.31 watt as shown in Figure 6(a) and (b)  The
difference  between  experimertal and FEMMDM
computation 1z about 4. 2%

Figure 6 (a) shows the flux legend through
out the core that have mecdmum 2.09T induction in
the center limb. The calcuation had involwed 39431
nodes with 73,021 elements as depicted in Figure 6 ()
Presious worke done by A Basale [1] showrs that the
difference between experitnental and computation is
abowt 576% at 1.6T induction. The 4.2% difference iz
in good range and agreement with the previous work

Formm the flux movement i the core
following the angular frequency incremental wt of 30
degree, it is an obvious phenomenon that at any one
time the flux 15 gradually empiying one of the litnb
while filling the other two limb. Thiz can be seen from
Figure 5 {d) to 5{g). It took about 180° electrical
degree to migrate a poal of fux to the other two
litnh,

At any time there are two loops of flux
flowing in the core which can be etther two dferrent
loops or two strilar loops as shown in Table 3. At wt
=307, fluzx flow is masitmum in the center litmh.

Fhus Flow | 2 loops | 2 loops
Direction | Oipposite | Opposite

Table 3

Sirnilar work was done using FERM Quiclefield
5.2 free verson from the website but the problem
cannot be solved due to limitation on the metnory
issues dunng mesh and nodal computation  which
lirmit to 250 mesh ondy.

Sirmsoidal wavefonm is an important indicator
to see the complete picture of flux movement under
stable condition for CE.GO matenal and possibly for
other material az well.

From the fli flow legend, it is noted that the
hot spot area in the core iz in the inner corner of the
core near the T joint  and along side the core wandow
asshown inFigare ayat 1.7T induction level

4. Conclusion

From this worl, important  findings that can
be ohzerved are

a) FEMM 4.2 software iz a user fiendly
software that can assist interested party to explore
magnetostatic problems in transformers or other
glectrical rachines.

It does not have any lmitation on the formration of
nodes like Quick Field 5.2 does. It wall used masmimm
allowable memory available in the computer for the
cornputation,

L) From the i pattern, it took about 180°
glectrical degree for the fli to migrate to the other
two litmh in the transformer core.

o) There are two loops of flux flow at any wt
angle either in the form of oposite or same direction of
flux flows.

dy The core loss differences between the
experitnental and corrpatational is about 4. 256 which
iz 1n good agreement wath the previous worl

E) Hot spot area in the core is along the inmer
core comers near the T joint and along core windows

fi sinusoidal waveform can be considered as a
mediim o tool to explore the behawviour of flux
movermnent in CRGO material
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Ahstract

Direct curvent (DO flowing trough the earthed
neutrals of tramsformer windings coses o DO
component in magnetzing cwrrent. Cwing o non-
linearity, the wonvefrm of this curvent is sirongly
distorted. A kigh enough DC' compornent in the current
on the secondarp side of a framsfrmer causes
distortion of the primary side current. Frediction of
suck  distortion  relies on  the  awdlability of
magnetization cunses that extended desp enough ito
seturegion. DC bias of tramsformers will also generate
some impartat effects on power travsfrmers. The
paper  presenis  harmonic characteristics of
troms Brmer excitation current resulting from DO off et
currents on the load side of single phase fransfbrmer.
The results of this studp are wefid in understanding
trems ormers s Aormonic sources ond the aven
harmonics are significant in case of DC biased rather
thiam in normal AC supplp.

Keywords:  Troansformer,  Rarmonics,  do Dias,
magnetizing current

1. Introduction

Geomagnetically Induced Cuwrent (GIC) fow on
the earth surface due to Solar Magnetic Disturbances
(MDY which may also  called  Georagnetic
Disturbance {GIWDY, HVDC monopole transmission
systern, quasi-direct or direct current wall flow into the
nearby transformers whose neutral point 15 grounded.
The DC cwrrent alzo could be due to power electronic
operating under normal conditions or under abnomnmal
conditions[1]. Depending on the level and duration of
DC irjection, possible adverse effects that may causes
the saturation of transformer core during each half
cycle Asa result, transformer mametizing corrent will
oreatly inrrease and will bein nch in harrmonics, wwhich
in turn could cause overall increase in transformer
reactive power consumnption [2]. Then some other
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problems can be generated, such as local owerheating,
the wibration and noise of the transformer, comrosion of
grounding equipment, metering emrors and malfimction
of protective equipment which are directly related with
the harmonic in the curent of transformer [3][4].

This paper focuses on the prediction of e getizing
current distortion resulting from DC offset currents on
the load side of sngle phase tansformer. Therefore,
the DC kias appears explicitly on the load side of the
transformer model and formed part of the load cumrent
dunng laboratory testing

2. Transformer Operation with DC Bias

When a tmnsformer is connected to a pure
syrnetrical load, the fl that is produced in the
secondary Wil be opposed by the flux created from the
additional component of primary current. Hence the
tnutial flux remains relatively wnchanged. However,
when the load cumrent through that transformer 18 not
perfectly synmetrical, wiich means the transformer is
supplying a secondary currert contairing a DC
cotnponent; a undpolar fluxis established in the core.

EEIRETET [

Flux
Cemebe o -

) Hz

L TRET R [

Figure 1 Flux waveform offset due to emistence of
DC bias



Thiz unipolar flux is not opposed by the flux created
from the additional component of prirary current. It
will add up with the mutual flus in the core and push
the net flux in the core towards sturation
Consequently, the core is saturated during the half
cycle in which the bias current is in the same direction
as the magnetizing cwrert [5]. This is depicted in
Figure 1.

This additicnal flux "bias" or "offset” wall push the
alterrating flu wavefonn closer to saturation in the
positive cycle then the negative cycle. Therefore, the
core rraterial is said to experience hal f-cycle saturation
[15]. The core material wall enter half-cycle satumtion
garier if the magnitude of DC component is greater;
thisis illustrated in Figure 2.

Figure 2 Fliez waveform for warious amounts of
D hias

3. Source of DC Bias

DC hias can ongirate from a murber of sources,
some of which are Geomatically Induced Currents
(GIC), Photowaoltaic Systemsand AC and DC Drves.

3.1 Geomatically Induced Currents {(GIC)

The interaction between solar wind and the Earth’s
magnetic field results in geomagnetic disturbances
causing the flow of ionospheric coments lmown as
electrojets. They ocowr at altitudes of 100 kem or higher
and have magritudes of 1 = 10° A or more. They can
clange the Farth's magnetic field by as much as a few
percent for several mimtes. Asa consequence, electric
currerts fowin the Earth, resulting in electic potential
gradierts The ensuing potential differences between
ground points drive geomagnetically induced currents
(GICs) through power systemn facilities.

G1Cs are essentially direct currents that enter and leave
the directly earthed neutrals of high-woltage star-
connected windings, cavsing a DC bias in the
magnetizing  current  of the tmnsformer.  The
magnitudes of the transformer ragnetizing currents are
greatly increased and they will be rich in harmonics.

The resulting DC bias in the core flux can beas high as
20% of the rated sine amplitude. Consequently, the
core is sabirated during the half eycle in which the bias
current is in the same direction as the magetizing
current, tiggenng undesirable effects such as increased
noise and additioral core losses, as well [3].

GICs pose a threat to power system religbility. For
example during the Great Geomagnetic Storm on 13
Iarch 1989, the entire Hydro-Quebec system was
plunged into a blackow, tiggered by GIC, causing
voltage collapse and equipment mal function, infecting
tnaore than 6 millions consumers [6).

3.2 Photovoltaic Systems

Greenhouse gas concerns and  desires for a
more sustaingble  fotwe are driving a  mEpidly
expanding range of applications of grid connected
distributed  generation  systemns. These include
photowoltaic systerns. Many of these systemns are
interfaced to the gid wa inwerter systems which
hawe chamacteristics  and gqualities  unlike
conventional synchronous or induction generators.
PV systems that are connected wa an inverter to the
grid can cause a DC bias.

The two main ismes with do injection into the
mains from egupment such as inverers are (1)
Differential mode injection i.e between L-IN or LL
connections, and (ii) Corwnon mode injection into
both L and M connections causing earth leakage
currents to flow

The first tmode of de injection between line to line
can lead to satumtion of transformers supplying the
particular circut.

D irgection in an inwverter without a 50Hz transforrmer

can be caused by [7]:

- Uphalanee in signals driving power  dewvices
cormected direct to the mains. A small commponent
is inevitable because there wWill always be some
lewel ofimbalance.

- Errors in measwement particularly zero emors
which result in the cortrol systern outputting a
small de curent to balance a zero ewor in the
meazuing transducer.

- Poor control resting in hanting from half cycle to
half cycle generating even order harmonics and de
cotnponents.

- Electronic circuit faults which result in loss of
cordrol. At least some transient de curent wall be
irjected until a fault is detected and while the
irmrerter shuts dovm









It can be seen from cwrent total hammonic
distorion  (THDp) and individual  barmorics
distribution wath respect to wariouws DC  ocwrent
injections in Figure 8 and Figure 9 that the amplitude
of the harmonics 15 increased with the DC bias current.
At the same time, there are even harmonics and higher
harmonics appeared.

7. Conclusion

The paper presents characteristics of transformer
excitation cumrent hartnonics under DC bias on the load
side of single phase transformer. Based on this study,
the following cbservations can be rmade for this
particular type of transformer.

- The lammonmc contents are ewaluated in term of
crest factor (CF), total harmonic distortion (THD),
individual hanmonic distortion and power factor.
Woltage crest factor, cuwrrernt total harmonic
distortion  and cwrent individual harmonic are
increase wath DC bias increasing and wice versa
with the power factor.

- Harmonics begn to appear at relatively low DC
hias, and each larmonic wall follow a cerain
pattern as the DC bias increases.

The zecond harmonic peaks orly one as the DC bias
level increases. The third harmonic shows two peaks
with the increage of DC bias. The forth hartnonic also
shows a clear pattern
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From simulationtesalt data, power loss per kgcanbe
cal culated vsing;

3347 ['m AT
TaJgl dm T 765 10 kel w

= &I Ty = —384x a0 Jleeciky = 254¥aniky
TH5=10 Ta5x10

Power Loss Tg =

5. Conclusion

Loss evaluation has become inportant because of high
etiet gy cost. Therefore, it is necessary to know in detal the
behaviours of flue in transform er in order to develop cores
with higher efficiency The walues for material can he
obtaitied from the B-H ourve

From the result of simulation found the fluae density is
178 T and the loss calodlation is 2.54 Wiks, Flux density
that iz flow through the transform er cote 18 not uform. The
marithun flu density is found in the centre lmb of the
transformer core.
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Abstract

This paper describas the resalt of wmeasurenent of in-
plane flux distibution on 180KVA Iphase distibution
tran sformer assembled with the wmix 65 - 45 Tjoint and
natred lap corner joint with stagger yoke of Itmm. The
mrasuroment drvolves the fundemental thivd med fifih
karmonic of the easy and hard direction of flux densily
at eack location measurement. The flax dstrbutions
Rave been measured using wo lood test by arraw of
search coil in M5 (OG0) grades material of tranusformer
core laninaions. The localised flux density o the outer
68F 45 T_joint is 14T and rises o be 1.63T at e inner
edges of 6F-45° T joint when the iransformer core
energized 1.5 T 50Hz. Hamonie ocours mosiy inthe T-
Jonr where local regiors are saturated and the fhe
devicates from the rolling direction A small amowes of flux
deviation from the rolling direction cecurs at the overlap,
bt v rotational fTux is presevt inthe joe.

Eeywords —Disribudion travsformer, m-plane flux, third
harmovic

1. Introduction

Transformer iron loss can be reduced either by
improving the gquality of the steel or by using better
building and design techmiques. The efficiency of a
transformer cote is also lar gely dependent upon the design
of the joints & the junctions of the yoke and limbs In
these tegions the flux may dewiate from the rolling
ditection of the steel or become distorted so that local
areas of the high loss are produced [1] The use of graine
orietted silicot iton has been the main beneficial factor in
inrressing t ansformer efficiency. [2]

The behaviow of this irvestigation is to wderstand the
irvplane fhee distribation of the transformer core built
fromm electrical steel (W5) with 3% silicon iton assembled
with the miv 60°-45" T-joirt and mitred lap cotner joitt
with stagget yoke of 1 Dmm by vsing arrays of search eodl

2. Experiment Apparatus and Measuring
Technigues

The main apparatas consist of a model cores three-
phase 100kKVA transformer assembled with three limbs
core with T-joint cutting angle  the miv 60°-45°
assettbled from CRGO (M3 grades) 3% 3i-Fe matetial.
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The core has 330 mim x 580 mm withthe limbs and wokes
100 i wide as shown in figwee 1. The experimental
cores assembled with the mix 60°-45" T-joird, mitred
overlap corner joits with staggered woke and overlap
length is 10mm as shown in figare 2 and assembled from
03 mm thick laminstions of M5 graire oriented silicon
iton (CREGON. Associated  instnamerts are used to
measrement fundamental  third and fifth  harmondc
contert of the localized e detsty distribtion

] S0 |
*
‘xx\ Yoke e | 100
~ 4
Limmib .imb Limh
550
/ b i
Py Yaoke . L]
4 L .
[ 100 100 oo |
Frpope 1. Agevwosow (ppg ob 100hch tpocwrdoppep poded,

The localized fluwx density distribotion in individual
laminations is measured using search coils. The samples
are drilled with an aid of deidling mackine It is
cotstructed from 0.13 mm diameter wire treaded throwgh
0& mm distmeter holes 10 mm a part as shown in Fig 3.
Each measuting position suitable cods are wound to
meanwe the sasy and hard direction flur density. The
search coil induced woltages are analysed to find the
magnitude and plane codl induced voltage of flue density
by using power analyzer [PMA000] as showninFig 4.

The magnitude and direction with reference to the x
axis of the ireplane instantanecus flux density can be
written in the form [3]:

-

1 1
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core assembled with the mix 60°-45" T-joirt o core fhax
density of 1. 3T is more widespread. The magritude of the
rotational fliee iz small compared with that of the
fundamertal and third harmonic. The disteibution of the
fifth harmonic compotent i classified to a reglon near to
atyd within the T-joird.

A large amownt of rotating fher is present in the T-joint
region between the right yoke and centre limb in the core
Rotating fhoe in this region is elliptical with the the mix
§0°-45" T-joirt of core showing the highest walue. A small
rotating fli ocews also observed in the middle of centre
b region it the core.

Fig 10 shows the measuring point of locaion atd
localized flux densities at the mix £0°- 45" T-joint that are
measwed by using the search cod on transformer core
This result is produced by calowating localized fhax
density after the search coi measures the wector of the
woltage inthe easy and hard direction at the lamination

The fl density in the yoke then drops rapidly as the
fhux distribastes itself equally betareen the laminations. The
flux density reaches a peak at the inner of the mix 60%-45°
T-joirt;, this is cauvsed by the saturated material The
ittt flux density ocows at the outer of the mix 0%
45* T-joint of transformer core lamination The localised
flux density will increase from the outer to the inner edge
of the the mix 60°-45° T-joint. The localised flux density
at the outer the mix 60%435° T-joirt is 1.4T and rises to be
1.68T atthe itmer edges of yoke a the mix 60°-45° T-j it
when the transformer core energized 1.5 T 50Hz.

The local wariation in magmtude of the third harm onde
component of peak inplane flux density i the mix 60°
45" T-joirt at a core fhoe density of 13T is shown in
Figure 11. Most of the high third harmonic flux oecurs in
the T-joird region The high third harmonic of peak i
plane flux ocowes at the irmer edge of right woke passes
over to the Buttjoirt of centre limb is0.23T. Harmonic
ocous tmogtly in the T-joint where local regions are
saturated and the flux deviates from the rolling direction
Howewer, it has been confirmed experimentally that
hatmonics citculded in individual laminations in the
limbs and yokes.

AtB =1.5T, S50Hz
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The local wariation in magpitude of the fifth harm onde
component of peak inplane fhe density in the the mix
A0°-45" T-joirt at a core flux density of 15T is shownin
Fig 12 tobe very small.

AtB =1,
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4. Conclusion

The fhe distribution in cores assembled with M3
material was found wvaries along ovetlap area of the
stagger at the T-joirt. The localised ineplane flux density
will increase from the outer to the immer of the the mix




60°-45° T-joint. The localissd flux density at the outer
edges the mix 60°-45° T-joint is 1 4T and risestobe 1 62T
at the inner edges of the mix 60°-43° T-joint when the
transformer core energzed 1.5 T S0Hz. A large rotational
flux is present i the woke atea which near with centre
limb. Rotational flux inthis regionis more citcular.

The high third harmonde of peak iteplane flue ocoues at
the itiner edge of right yoke passes over to the Butt-joirt
of certre lmb is 023T Harmonic ocows mostly in the T-
joirt where local regions are saturated and the flux
deviates from the rolling direction.

A small amount of flux deviation from the rolling
direction ocowrs at the owerlap, but no rotationsl flux is
present it the joint.

The local variation in magritude of the fifth hamonde
component of peak inplane fhee density in the the mix
60°-45° T-joirt at a core flux density of 1.5T is to be very
stmall
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Abstract

This paper presenis the optimization of PV module
electrical characteritics wsing genetic algorithm {GA ).
A mathematical modeling was used to characlerize the
electrical charmcieristics of PV module. A 180 W, 30
V., Sharp mono-crystal silicon PV module (NUSQE3E)
was used in this paper. This PV module consists of 48
sokr cells configured in series stvings. Under constant
temperature and different solir fmadiance were tested
te the PV module wsing GA, ity elecirical
characteristics shown in curves and compared to the
data sheei and a reference and alse 3-dimensional
diagram  as function of both solar iradianee and
temperature shown and discussed. The resull shows
that the comparion of simulation results using GA
with data sheet of curvent-voltage and power-voliage
curve illustrates a good correlation, if the temperature
constant and solar {rradiance increase will cawse the
short circwit curvent, open circuit voltage, maximum
power and efficiency increase.

Keywords—Solir  iradiance;  Temperature; PV
meaditle; electvical characteristios; Genetic algorihm

1. Intreduction

The major factors which influence the electrical
design of the PV module are solar irradiance, tilt angle
of PV module, load matching for maximum power and
operating temperature [1]. The electrical characteristics
of the PV module are generally represented by the
current versus voltage (i-v) curve. The electrical
characteristics of a PV module are influenced by
temperature and solar irradiance, and they influence on
the design of PV module system [2].

TSEN 978-087-5760-03-7

Temperature is an important consideration in the
operation of PV module system [3]. At lower
temperatures, PV module systems produce more
power. For higher temperature, optimum operation
requires modification of electrical load and removal of
excess heat. At high temperatures, two predominating
effects can cause efficiency to drop. As thermal energy
increases, lattice vibrations interface with the free
passing of charge carries and the junction begins to loss
its power to separate charges.

The efficiency losses for PV systems can be minimized
in the presence of temperature variations. In most
cases, cood solutions are a temperature-dependent
charge controller or a maximum power tracker. Both
devices improve the overall system efficiency at higher
temperature where the performance is poor [3].

A c-Si module has been ftest to get its electrical

characteristic by [4], 1000 W/ m? of solar iradiance
and temperature from 135 °C to 65 "C were fallen to the
surface of the PV module. Its electrical characteristic
was observed, the result shown that for solar irradiance
was constant and temperature increased, its short
circuit current would be constant, open circuit voltage
and maximum power would decrease. Effect of
temperature  on  electrical characteristic of a
photovoltaic module has been tested by [2], shown that

for975.4 W/m?® and temperature were 25.1 'C, 45.9
°C and 55.6 "C resulted the maximum power were
4498 W, 40,06 W and 38.11 W, respectively. The
open circuit voltage varies linearly with temperature if
the temperature were increased [3].

Constant temperature of 25 "C, and solar irradiance of

500 W /im?, 800 W/m?, 1000 W /m? (increased



solar irradiance) were tested o a c-Si PV module by
[4], the result shown that the short circuit current, open
circuit voltage, and maximum power would increase.
The effect of solar irradiance on a photovoltaic module
performance was tested by [2] also, shown that for 37.7
“C of constant temperature, solar irradiance were 626

W/m®, 831 W/m*and 974 W /m” resulted the
maximum power were 28.27 W, 36.55 W and 41.85 W,
respectively. Research by [5] shown that the short
circuit current increases almost linier, the fill factor is
not significantly influenced by the solar irradiance, the
maximum power point vares sub linearly with solar
irradiance.

A behavioral model has been developed by [6] to
characterize current, voltage and power of photovoltaic
modules as function of solar cell temperature and solar
irradiance. Calculated diagrams are compared with
diagrams of two photovoltaic module data sheet.

Genetic algorithms have proved to be a versatile and

effective approach for solving optimization problem
[7]. A genetic algorithm is used to design the hybrid
system optimally [8], the hybrid system is composed of
photovoltaic cells, a battery, and a fuel cell supplying a
stand-alone street lighting system.
This paper presents a mathematical modeling to
observe PV module electrical characteristics. A mono-
crystal silicon PV module was tested under constant
temperature and different solar irradiance using GA..
The observed PV module performances are the short
circuit current, the open circuit voltage, the maximum
power, the fill factor and the efficiency.

2. Method olo gy

2.1. Mathematical Modeling of PV Module
Electrical Characteristics

The most popular photovoltaic module is a
particular case of a series string of solar cells. In
terrestrial application the PV standard modules are
composed of a number solar cells connected series. The
number is usually 33 to 36 but different association
also available [10]. The mathematical modeline of
circuit current and open circuit voltage of a PV module
electrical characteristic follow what was proposed by
[6]. using GA the circuit current timed by range of the
open circuit voltage to produce power and maximum
power of the PV module.

To use this model it is required o know open

module voltage ¥ ;, and V. in two operation points

with different solar irradiance levels & (eg. 200
Wiy and &, (1000 Win?) at the same nominal

temperature T (25 "Cy. In addition 1o these four

parameters, the model requires additional five
parameters from a PV module data sheet that are the

short circuit current [, voltage Vi, and cument
I ypp in the maximum power point all at STC as well
as the temperatre coefficients of the short circuit
current TC, and open voltage TC . The parameters

“b " is the fit parameter of the PV model. It influences
the IV curve in the maximum power point. The circuit

Ha,T.V) and open circuit voltage
V. (e T} as function of solar irradiance, temperature

current

and voltage are given by [6]

Ha.TVy=—% 1 _z.(T).
100075
v 1
L b{'*%'ﬁ]‘“’“”‘”” b
]—EJ_é

(1)

When [(e,T.¥) =0 A, the open circuit voltage is
oiven by

vV . -V -
V_(@.T)=|1+-mx Yoo &7 F
Vm am _arnin
(2)
TC,
(T =1+——(T-T, 3
T, T)=TC,.(T-Ty) 4

2.3. Solar Irradiance Effect
The open circuit voltage can be given by [7]:

1
V, =VpIn| 1+-% )
j,[]

}[V"m +7,(T))



From (3), it can be seen than the value of the open
circuit voltage depends, logarithmically on the

I, /I, mtio. This means that under constant

temnperature the value of the open circuit voltage scales
logarithmically with the short circuit which, in turn
scales linearly with iradiance resulting in a logarithmic
dependence of the open circuit voltage with irradiance.
Thisis also an important result indic ating that the effect
of the irradiance is much larger in the short circuit
current than in the open circuit value.

2.4. Photovoltaic Module Characteristics

In this paper the photovoltaic module characteristics
are [11]:

1. Short Circuit Current ( J g,
The short circuit current ( fg. ) represent o the

maximum current (fm ) that passes through the cell

that corresponds to the short circuit condition when the
impedance is low. It occurs at the beginning of the
sweep when the voltage is zero. In an ideal cell, this
maximum current value is the total current produced in
the solar cell by photon excitation.

oo =1 -t V=0 (6)
2. Open circuit voltage (V)
The open circuit woltage (V) is the maximum

voltage difference across the cell, and it occurs when
there is no current passing through the cell.

Ve =V, atl =0 )
3. Maximum power { P, )

The power produced by the cell in watts can be
easily calculated along the IV characteristic curve. At

the Ig- and V- points, the power will be zew and

the maximum value for power will occur between the
two points. The voltage and current at this maximum

power point are demoted as V., and 1,
respectively.
P =V d o (8)

4. Fill factor (FF)
The Fill Factor (FF) is essentially a measurement of
quality of the solar cell. It is calculated by comparing

the maximum power o the theoretical power (PT 3 that

would be output at both the open circuit voltage and
short circuit current together. FF can also bhe
interpreted graphically as the ratio of the rectangular
areas, its larger desirable, and corresponds o an FV
characteristic curve. Typical fill factors range from 0.5
to 0.82.

P Vo
FF = tms s ne ©)
Fy Voo ¥l g¢

5. Efficiency (77)
Efficiency is the ratio of the electrical power output
(P, ). compared to the solar power input (£, ) into

the PV cell. P

? . Can be taken o be P since the
solar cell can be operated up to its maximum power

output to get the maximum efficiency.

P

;.-mzﬂ (10
7 P

2.5. PV Data

A 180 W, 30 V., Sharp mono-crystal silicon PV
module (NUSOE3E) was used in this paper [9]. This
PV module consists of 48 solar cells configured in
series strings. The complete data sheet of the PV
module is shown in Table 1.

Table 1. Electrical parameters of mono-crystal
silicon PV module (STC: AM 1.5G, +25"C. 1000

Wim')

Electrical Parameters Vahw
Maximum power paint (P 180W
Module current in the maximum power point T60A
and 8T conditions ( T er 1

Short circuit curmnt under test condition RATA
f;n 1

Nominal lempemture according o 8T (ry) 255

Tempemture coefficient of the shont eireuit H1033 GJK

current [ ‘ 1

Tempemture coefficient of the open circuit 1104 VK

wltage (TC )

Open voltage at 23 °C and low solar i madiance v

Vo !

Open voltage at 25 0 and low solar i madiance nwv

(4

Open vollage of an unload nnduleiyt )] IR

Towr salar irmediance | amin i 200 Wim?
1000 Wim®

High solarimadiance (&, )
















Conclusion

The genetic algorithm can be used to solve
optimization of PV module electrical characteristics.
The electrical characteristics of PV module are
dependent on solar irradiance and temperature. I the
solar irradiance is constant and although the
temperature increase will cause the short circuit current
still constant, if the solar irradiance is constant and the
temperature increase will cause the open circuit
voltage, maximum power and efficiency decrease, if
the temperature constant and solar irradiance increase
will cause the short circuit current, open circuit voltage,
maximum power and efficiency increase.
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Abstract

This poper presents the design of a kigh-side N-
chemmel MOSFET driver using discrete components fir
low voltage applications, rangmg from IV up to 24 Ve
aperation. Special level shifting tecknigue is used to
increqse the gate volfage Nigher Than e supplp
voltage, Voltage reqdings ot varions points of the
driver ware also taken fr refrence. The designed
high-sick driver was lested fo observe s performonce
with raspect to differert gate nput feguercies, fram
S0Hz wp to 1508z using the MOSFET IRF730 as the
switching device. The vesults obtamed irndicate that the
driver civeuit works well up to freguency of 150k
where the width ratio found to be more than 72%

1. Introduction

It iz a corrrron problerm in inverter design when a
MOSFET (MMetal Ozide Sericonductor Field-Effect
Transistar) is connected between the load and +Vpp of
the supply, especially in H-bridge inwerter. The high-
Ade MOSFET will not smply operated just by
applying the gate woltage (Vg between 10Y to 200 as
recorrrnended but a sxtable approach st be assi gned
inorder to put the MOSFET into its operating mode.

Customn made 10z are also awailable such as AN-
G076, AN-078 and LIS 1004 that can be used to drive
the high-side MOSFET [1][2][3] Some designers
experienced difficulties in getting the ICs dueto certain
constraing such as no stock available, long lead time
atud certainly thiz is uracceptable to wrgent tasks There
are trany kinds of crcuits that were designed to suit

FTEEN 978-067-5760-03-7

with the requirerrents. But most ofthe designs need to
commiect the diver to the load’s terminal where this
amangement will imtroduces undeswable negative
voltage transierts into the load woltage [2]. Selectionof
the bootstrap capacitor for the circuit is quite critical
which highly depending on the frequency o foperation.

For a typical bridge inwerter, it is cormmon to
choose etther DOSFET or IGBET (Insulated-Gate
Bipolar Transiztor) as a switching device. They offer
several adwantages owver the BJTs (Bipolar Junction
Transistors), ie. very high input impedance, very high
switching fequency and low swatching loss. The
present technology in power electronics circuit, with
MOSFETs and IGB Ts are preferable due to wariety of
voltages and curents and also easily available in the
trarket [4].

A MOSFET 12 a woltage driven device with typical
threshold woltage between 3V to 7V, Therefore, it iz
very itrportart to ensure that the Vg (gate to sowce
voltagey of the MOSFET exceeds the minimmum
threshold woltage in order to turn it on In this design,
MOSFET IRF730 was used for the inverter circutt as
shown inFigre 1. For optirral operation, the range of
Vg 15 i between 10% to 20Y for cormplete tun-onof
the dewice. Partial tun-on of the MOSFET due to
lower Vg tray introduce higher Rpe (dfain to sowce
resistance) and dissipating excesave heat when current
flows through it Thus, an appropriate gate woltage
st be applied to drive the MOSFET into its
saturation rmode during tum-on state.
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Figure 1. An H-Bridge inverter circuit

Tuning on the MOSFETs 51 and 33 of the inwerter
can be quite tricky. At one instance, 51 needs to turn-
on 5o that the top load iz at the supply woltage (+Vee).
But the gate woltage Vi has to exceed the threshold
voltage, at least 7V in order to turn 31 on There fore by
the amrangement, Vg bas to be at least 7V higher than
the +V - where this irmposed to the corplication due to
+WV 15 the highest available woltage we have to work
with [5]. It would not be reasorable to have special
higher woltage supply than +Vec just to tun on the
MOSFET. Beinga high-side switch, the gate woltage is
supposed to be level-shifted higher than the supply
voltage when referring to the common ground. The
gate rst be controlled for certain logic sigral which
sharing the same ground [6][71[3][5].

2. Methodology

A high-side MOSFET driwer circuit to drive 51 was
designed and assembled as shown in Figue 2
Sirmilarly, the same circuit can be duplicated to drive
53 for bipolar operation.

Figure 2. High-s1de MOSFET driver circuit

The significance of the designed drwver is the level
shifter cormponents that mainty consist of C1, D1, D3
and D4, The function of the level shifter iz to add-up
the previously stored woltage across C1 wath the +3cc
or supply voltage, as described below This has to be
achiewed in order to successfully turn-on the MOSFET.

When the +5% input pulse is at low or zero volt, the
transistor Q3 is tun-off, consequently tuning on the
transistors Q1 and Q2, resulting the MOSFET 32 to
turn-off . As Q1 iz on, the+13V wvoltage wwll charge-up
across the capacitor C1l. On the other hand, the gate
terminal of 51 also connected directly to ground
through 1 and turning off 51

Alternatively, as the input +5% input pulse is at high
state, Q3 will turn-on, henee turning of f 1, Q2 and
turning on MOSFET 52 As Q1 is in off state, the
woltage supply o f+24% appears at the collector of Q1
through the diode D1 and add-up to the woltage +12V
previously stored across the capacitor C1. Therefore,
the woltages at poirt & and B (as in Figwe 2 diagam)
with respect to ground would be 36%, thus triggers 51
Fromn the data sheet of IRF730, it iz specified that the
typical gate threshold woltage (W) is 3V, hence any
woltage applied across that esceeding 3V wall certainly
turn it on

3. Results

& constart +5% de trigger woltage was applied to
the input of the driver, with the transistors {Q1, Q2
&03) collector woltage of 12,175 and Vo of 24,305
Voltage measwements were taken at the specified
points referring to Figure 2 cireuit.
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4. Discussion

The results determined the driver creut
performrance in response to severl irput driving
frequencies.

At lower frequencies fom 50Hz to 1kHz, the
voltages at point A (as in Figure 2 diagrarm) and across
the load resistor were observed that the origiral square-
vave tad the shape as the gt As the fequencies
increased from 10kHz to 50kHz, the waveform of the
voltages began to change in shape due to the effect of
capacitor Cl. Fefeming at 30kHz waveforms, the
output woltage across the load resistor shows a slow
rise of the peak amplitude, with the capacitor’s woltage
{at point A encouters slight distortion.

The frequency response o f the output woltage could
be irmproved by changing the capacitance C1 to a lower
value when dealing with higher fequencies mput At
point A (CHZ, it iz noted that the woltage lewel is

shiffed flom 12V to 324V, This happen when
capacitor C1 storing the 12V and add-up with the 24
{supply) into the next pulse, which iz enough to tuwn-on
the MOSFET 51

As indicated in Figwe 132, the percertage width
ratio trend between ouput and input wave forms starts
to slope-dowm below 90% as the input fequencies
exceeding 25kHz and at 150kHz the width ratio falls to
72.7%. Sirilarly, for the pealk: output voltage shown in
Figre 13, the woltage starts to drop belowthan 26% as
the input frequencies increased beyond 25kHz.

For H-bridge inwerter the MOSFET s or IGB Ts wall
operate satisfactorily for operating frequency, below
than 25kHz This could be suitable for critical and
sensitive loads. For non-critical loads, the fequency
operation could be different.

5. Conclusion

The objective of designing high-side MOSFET
driver iz achieved using cormroonly awvailable discrete
cormponents. The driver circuit generally can be uged to
drive the hgh-side WMOSFETs of a bridge inwverter to
frequencies beyond 25kHz and 15 concluded the best
recornmended operational armplitude for the systemn is
up to l00kHz fr wadth ratio to be wnder 20% of
discrepancy.
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Abstract

This paper discussed about relationship of ASD and
tppes of voligge source on harmonic Characteristics.
Liucdly, the volfage sowrce is simusoidal Bt in
actuclly, the condition of the load i it kas voltage
sowrces through the elements where the output voltage
of element az input I load is did not pure sinusoidal
for example at FPoint at Conmaom Coupling {PCC)
between transrmer and linear load and nonlinear
locd The research has done with S haafer Fower
Cuadity Anclpzer. The vesearch was Peused o Cress
Factor (CF) Toil Harmonic Distortion (THL), and
karmonic engrgp losses cost from mecsurement, where
locd s the induction motor with aad without ASD. As
voltage source in ths reseqrch are sine wanve, square
wave and combinations of 3% 5 gnd 7 hermonic
order Nke Rwmonic 35, Rarmonic 37, ond Baronic
57

Kepwords—ippe of voltage souree, energp losses cosl
Farronie, FTHD

1. Introduction

Feason in this research discussing the kinds of
voltage sowrces used to serwe the load, such as sine
vave, square wave and the combiration of the
tarmonics order, so necessary to discuss about Fourier
series, hecause to aralyze the harmonics, applied the
Fourier series is appropriate. A ctually, Fourier series is
a periodic function and can be written as sums of
infinitely many sine and cosine functions of differert
frequencies F.J Beerends et al (2003) [1], often
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expressed in terms of the angular frequency. Harmonic
wawefortn distortion is one of the most imporant
issues today. Discuss about irwvestigation of harmonic
effect due to harmonic types of voltage sowrce, where
the woltage sowces are a few types of hanmonic
waveform This case 15 as a part of systern, where ifa
Point of Cormenon Coupling (PCC) of one cormponent
nonlinear load has supplied with another nonlinear
load. In this research, the load is Induction Motor was
supplied wath Sine waveforrn, Harmonic 3“1, 5&‘, and
T comhination wae farm

The presence of harmonic distortion in the applied
voltage to a motor wall both increase electrical losses
and decrease efficiency These losses wall increase
motor terrperature, resulting in even firther losses
These currents passing through the system impedance
cause woltage drops for each indiwidual larmonie,
resulting in distortion of the voltage’s waveform The
effect of harmonic distortion of the voltage waveform
due to impacts motor performance as p.f HD and
THD for cumrent and woltage, and energy losses due to
tarmonic. [2][3][4].

f—E—k—W—cosm (1
BT Ta ©
5=/ 4+ (B

kA = v"sz +AVAR? +EVARE (3

True Power factor = (Displacement pf) =
{Distortion p. )









4. Analysis

From experiment data and results the analysis for
tarmonic chatacteristics are as follow:

4.1. Real power (P)inkW

For power P, tarmonic 57 i highest (0.05), bt
the different between wwith and withowt ASD wery
arall (0.02) and harmonic 35 sirlar to square wave
{0.03). For without ASD all types just the same (0.07).

4.2. Apparent power (§8) inkVA

The highest apparent power i harmonic 57
{10.134) and the lowest is square {0.1696). Different
betweenn wath and wathout ASD, larmonic 35 is
highest (0,34,

4.3. Power factor (p.f)

Power factor (p.f) for square ssawve without ASD
is highest (0.18), while the others woltage source just
the same (16). With ASD, p.f were increase and the
highest iz harmonic 37 (0.30) while the lowest is
tarmonic 57 (0.25),

4.4. 3™ Voltage harmonic

For & hattnonic, with ASD condition sine wave
15 smmallest (0. 22%) and constant withowt ASD (0.22%)
while sguare wawe i highest (33.39%). Different
between with ASD and without AZD, hartondic 35 is
highest (9.30%5).

4.5 & Voltage harmonic

For 5 harmonic, with 43D condition sing wawe is
arallest (0.08%) +while square wawve 15 highest
{19.92%). Different between with ASD and withmg
ARD, harmonic 35 1s highest (4. 88%0).

4.6 ™ Voltage harmonic

Sine wave 15 the smallest wath ASD (0.02%) and
without ASD (0.01%), while square wawve is the
biggest (13.95%) with ASD and (13.38%) withmut
AZD, gt for different between with ASD and withot
ASD, Harmonic 35 is the biggest (9.86%).

4.7. THD harmonic voltage

Ag for T harmonic order, sine wawve is the smmallest
with ASD (0.27%0) and without ASD (0.23%%), while
square wave 15 the biggest (41.11%) wath ASD and
41.12%) withot A3D, bt for different between with
ASD and without ASD, Harmonic 35 is the biggest
{1.26%).

4.8. 3™ current harmonic

For curent Individual Harmonic Distortion (THD)
™ order, tarmonic 57 is biggest (96.23%5), while the
srallest iz square wave (03.54%0 wath ASD, but
without ABSD, sine wawe is srallest (0.48%) and
square wawe is biggest (2. 66%).

4.9. 5™ current harmonic

For current Individual Harmoonic Distortion (IHDY)
5 order, harmonic 37 is biggest (95.36%), while the
srrallest iz barmonic 35 (36.67%) with ASD, but
without ASD, sine wawe is smallest (1.54%) and
square wawe is biggest (46.36%0.

4.10. 7™ current harmonic

For curent Individual Harmonic Distortion (THD)
7% order, harmonic 37 is biggest (95.36%), while the
srallest iz harmonic 35 (30.61%) with ASD, but
without ASD, sine wawe 15 smallest (1.22%) and
square wave 15 biggest (23.25%). but for different
hetween with and without ARD, sne wave is the
higgest (90.13%%).

4.11. THD current harmonic

For current Total Harmonic Distortion (THD)
tarmonic 57 is biggest (93.33%), while the smallest is
sine wave (91.2%) with A5D, but without ASD, sine
wave 15 smallest (2.23%0) and square wave 13 biggest
(47.25%). bt for differert between with and without
ASD, sinewave is the biggest (38.97%).

5. Conclusion

Fromaralyze, the conclusion are:

1. Feal power and apparent power loss due to type of
voltage source, barmonic 57 ishiggest.

2 Withowt ASD, power factor (p.£) is the highest for
square wave and with ASD, is highest for harmonic
37

3. For sine wawve, voltage Indiwidual Harmonic
Distortion (IHDY 3, 5™ and 7 is the stallest,
square wave ig the highest and differert between
wiath and without ASD, harmonic 35 iz highest
According with these, Total Harmonic Distortion
{THD) is sitrdlar.

4. For condition without AZD, currert Indiwidual
Harmonic Distottion (HDY 7 5%, 7 and Total
harmonic Distortion { THD), sine wave 15 srallest
and square wave is largest. But with ASD, for 7
order, harmonic 57 is largest, 5B and 7 order
harmonie 37 iz largest, and srallest 15 harmonic 35,
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