& OPTIMIZATION CONFERENCE

PROGRAM AND ABSTRACTS

Grand Blue Wave Hotel, Shah Alam, Malaysia
23-24 June 2010

% PoSTERe D (EEE L}Z@f
UNIV 1T E
> TEKNOLOGI —

\’.I \ =¥, Regearch Management Institute
MARA Universitit Teknologi MARA
IEEE Malaysia Power & Energy Chapter



https://ieeexplore.ieee.org/xpl/conhome/5538456/proceeding

€ 2 C & ieeexploreieceorg/y

IEEEorg | IEEE Xpioe | IEEE-SA | IEEES

IEEE Xplore® vowsev w Hopv | Institutional Sign In

AT Wallan Putic ADVANCED SEARCH

Biowse Conferences » Powss Engineeting and Oplimica = 2010 4 Intermational Power £ Q)

Power Engineering and Optimization Conference (PECCQ), International

ﬁ Copy Persistent Link B3 Sign up for Conlerence Alerts
Proceadings Al Proceedings Pospular
—

2010 4th International Power Engineering and Optimization Conference (PEQCO)

al Sign In

<& IEEE

62010

DOl 10 1108/PEQCO1

Search within resulls ﬂ Per Page: 26 w | Expart w | Email Selecled Resulls w

Showing 1-25 of 112

Feedback

1 PM


https://ieeexplore.ieee.org/xpl/conhome/5538456/proceeding

4% International Power Engineering and Optimization Conference (PEQCO 2010), 23-24 June 2010, Shah Alam Malaysia

CONTENTS

EDITORS ot tisssstsus sisssmasssssbse sy sasbsse b i bs b 4 ba 8 48484 484848 E 40 R4 R A RS LR A8 A RARABLE AR R bR 1
CONTENTS...
FOREWORD...o s

MESSAGE FROM THE CONFERENCE CHAIR...

ORGANIZING COMMITTEE.....o e

INTERNATIONAL ADVISORY COMMITTEE ... reemeeserssnsessessseessersssesssassesssessssessesmsasssssesssssses s ssasesnesses 6

LIST OF INTERNATIONAL REVIEWERS ... serrsemssserssessesssssssersssrssses s e sasessssessesssasssassssesssss s ssasssssssns 7

TECHNICAL PROGRAM OVERVIEW....... .8

TECHNICAL PROGRAM.......ooveeeenee .9
Wednesday, June 2374 2010 .9
Thursday, June 24th 2010..... w11

ABSTRACT e ceeneesreseemssssseessssaseesasasasesnaes .16
S1-R1 (Power System Stability/Reliability) .. .16
S1-R2 (Power Electronics ANd DTIVES)......coerreesceesmmmeesssssseessesssessasessssssseessssessasasssssssessssssas st sessssssasesssanees 18
S2-R1 (Power System OPHMIZATION) ... ruureerermsesesmsmsmessseessssssesssssassssessseass sesssssasssessesssssssssessessssssssssessasans 21
S2-R2 (High Voltage Engineering).........oe .23

53-R1 (Power System Planning and Operation)..

$3-R2 (Protection Systems/ANN Applications in Power and Energy) w26
S4-R1 [POWET QUALIEIY ceoeuereceeseeeeeureeeesuareeesssecesmsoneeessmsesesse e sssseesessseseeessse s sseseess s s 5t s £t e st 29
54-R2 (Distributed Generation, Fuel Cells and Renewable Energy Systems) .......o.coeeecsnees 31
$5-R1 (Power Electronics and Drives) -

S5-R2 (Power Engineering Education/Power System Transmission & Distribution).........c..... 35

AUTHOR INDEXK .ttt ettt s asssssssss s ss s s e sss s e et mbss 5 eS8 40 £ 8408888 bt b bbb b 38
ACKNOWLED GEMENT cooouitiitisimisissssssi s isssssssssssesmisss s s sssssssss s s ssss b aass s 5 e 4b s s ab s b b asss b abass 40



4% International Power Engineering and Optimization Conference (PEOCO 2010), 23-24 June 2010, Shah Alam Malaysia

INTERNATIONAL ADVISORY COMMITTEE

Prof. Akhtar Kalam, Australia

Prof. Abdullah Asuhaimi M. Zain, Malaysia
Prof. Azah Mohamed, Malaysia

Prof. H. Rashid, United States

Prof. H. W. Ngan, Hong Kong

Prof. Hasan Nouri, United Kingdom

Prof. Hongbing Zhu, Japan

Prof. Hossein Askarian Abyaneh, Iran
Prof. Khalid Mohd. Nor, Malaysia

Prof. K. L. Lo, United Kingdom

Prof. Mahmoud Gilany, Egypt

Prof. Mahmoud Moghavvemi, Malaysia
Prof. Majid Al-Dabbagh, Australia

Prof. Mehmet Kurban, Turkey

Prof. Mohibullah, India

Prof. Nikos Mastorakis, Greece

Prof. Tapan Saha, Australia

Prof. Tarek Bouktir, Algeria

Prof. Titik Khawa Abdul Rahman, Malaysia

Prof. Vineeta Agrawal, India



4% International Power Engineering and Optimization Conference (PEQCO 2010), 23-24 June 2010, Shah Alam Malaysia

LIST OF INTERNATIONAL REVIEWERS

Abdul Gafoor Shaik
Abolfazl Salami
Agileswari Ramasamy
Ahmad Safawi Mokhtar
Aida Sulinda Kusim
Akhtar Kalam

Alireza Gheitasi

Ashraf Ahmad

Azah Mohamed
Bibi Norasiqin Sheikh
Rahimullah

Chandra Sekhar Koritala

Dheeraj Joshi
Muhammad Murtadha
Othman

Faizal Abdollah
Fatih Onur Hocaoglu

Gevork B. Gharehpetian
Habib Alaah Ravaghi
Ardabili

Hadi Suyono
Hasmaini Mohamad
Hazlie Mokhlis
Hedayatollah Dalvand
Hidayat Zainuddin
Ismail Musirin

Izham Zainal Abidin
Kanwardeep Singh
Kartik Basu
Manoharan Subramaniam
Mehrdad Eghlimi
Mohammad Kashki

Mohammad Nawawi Seroji

Mohd Fadzil Mohd Siam
Mohd Herwan Sulaiman

India

Iran
Malaysia
Malaysia
Malaysia
Australia
New Zealand
Jordan
Malaysia

Malaysia
India
India

Malaysia
Malaysia
Turkey
Iran

Iran
Indonesia
Malaysia
Malaysia
Australia
Malaysia
Malaysia
Malaysia
India
Malaysia
India
Iran

Iran
Malaysia
Malaysia
Malaysia

Mohd Muhridza Yaacob
Muhamad Nabil Hidayat
Muhamad Zahim Sujod
Muzamir Isa

Naveen Raj

Nik Fasdi Nik Ismail

Nik Sofizan Nik Yusuf
Noor Izzri Abdul Wahab
Noraliza Hamzah
Norazlan Hashim
Norziana Aminudin
Nursyarizal Mohd Nor
Pauziah Mohd Arsad
Poritosh Shadhu Khan
Pradeep Katariya

R Rajathy

Risnidar Chan

Sazali P. Abdul Karim

Senthil Kumar.N.

Seyed Mohammad
Dehghan

Shahril Irwan Sulaiman
Sridevi Unnikrishnan
Ummuhan Basaran Filik
Vahid Gohari

Vigna
Ramachandaramurthy
Vineeta Agarwal

Wael Salah

Wan Nor Ainin Wan
Abdullah

Yasmin Hanum Md
Thayoob

Zuhaina Zakaria

United Kingdom
Japan
Malaysia
Finland
Malaysia
Malaysia
Malaysia
Malaysia
Malaysia
Malaysia
Malaysia
Malaysia
Malaysia
Bangladesh
India

India
Malaysia
Malaysia
India

Iran
Malaysia
India
Turkey
Iran

Malaysia
India
Malaysia

Malaysia

Malaysia
Malaysia



4% International Power Engineering and Optimization Conference (PEQCO 2010), 23-24 June 2010, Shah Alam Malaysia

ORGANIZING COMMITTEE

Patron
Prof. Dr. Titik Khawa Abdul Rahman
Dean, Faculty of Electrical Engineering, UITM

Organizing Chair

Assoc. Prof. Dr. Ismail Musirin

Deputy Dean, Research and Industrial Networking,
Faculty of Electrical Engineering, UiTM

Secretary
Assoc. Prof. Pauziah Mohd. Arsad

Publication Chair
Dr. Muhammad Murtadha Othman

Technical Programme Chair
Dr. Mohammad Nawawi Seroji

Registration Chair
Assoc. Prof, Dr. Zuhaina Zakaria

Finance Chair
Assoc. Prof. Wan Nor’Ainin Wan Abdullah

Opening Chair
Norziana Aminudin

Sponsorship Chair
Aida Sulinda Kusim

Local Arrangement Chair
Assoc. Prof. Dr. Noraliza Hamzah

Logistics Chair
Nik Fasdi Nik Ismail

Webmaster Chair
Norazlan Hashim



The 4% International Power Engineering and Optimization Conf. (PEQCO2010), Shah Alam, Selangor, MALAYSIA: 23-24 June 2010

Influence of the Mix 60° - 23° in

different

layers of T-joint of 3Phase Transformer
Core on Longitudinal Direction of Flux
Distribution

Dina. M.M. Ahmad. and F.Fauzi

Abstraci--This paper describes the result of investigation of
longitudinal direction of flux distribution in 100kVA 3phase
distribution transformer assembled with the mix 60° - 23° in
different lavers of T-joint. The measurement involves the
fundamental and third harmonic of the easy and hard direction
of flux density at each location measurement. The flux
distributions have been measured using no load test by arrays of
search coil in M5 (CGO) grades material of transformer core
laminations. The localised flux density at the outer the mix 60° -
23% in different lavers of T-joint is 1.4T and rises to be 1.7T at the
inner edges of the mix60° - 23° in different layers of T-joint when
the transformer core energized 1.5 T 50Hz. Harmonic occurs
mostly in the T-joint where local regions are saturated and the
flux deviates from the rolling direction.A small amount of flux
deviation from the rolling direction occurs at the overlap, but no
rotational flux is present in the joint.

Index Terms—The in-plane flux distribution, search coil,
transformer core, third harmonic.

I. INTRODUCTION

Transformer iron loss can be reduced either by improving
the quality of the steel or by using better building and design
techniques. The efficiency of a transformer core is also largely
dependent upon the design of the joints at the junctions of the
yoke and limbs. In these regions the flux may deviate from the
rolling direction of the steel or become distorted so that local
areas of the high loss are produced. [1] The use of grain-
oriented silicon iron has been the main beneficial factor in
increasing transformer efficiency. [2]

The behaviour of this investigation is to understand the
longitudinal direction of flux distribution of the transformer
core built from electrical steel (MS5) with 3% silicon iron
assembled with the mix 60° - 23° in different layers of T-joint
by using arrays of search coil.

This work was supported in part by the School of Electrical Engineering
UniMAP under Grant FRGS.

Dma MM Abmad 1s
dina@unimap edu my).

F Fyay 1s with the School of Electrical System Engineering. UniMAP,
Malaysia (e-mail: fijay@unimap.edu.my)

PhD  Student i UniMAP  (e-mail

978-1-4244-7128-7/10/$26.00 ©2010 [EEE

II. EXPERIMENT APPARATUS AND MEASURING TECHNIQUE

HE main apparatus consist of a model cores three-phase

100kVA transformer assembled with three limbs core

with the mix 60° - 23° in different layers of Tjomt assembled
from CRGO (M5 grades) 3% Si-Fe material. The core has 550
mm x 580 mm with the limbs and yokes 100 mm wide as
shown in Figure 1. The experimental cores assembled with the
mix 60° - 23° in different layers of T-joint as shown in Figure 2
and assembled from 0.3 mm thick laminations of M5 grain-
oriented silicon iron (CRGO). Associated instruments are used
to measurement fundamental and third harmonic content of
the localized flux density distribution.

The localized flux density distribution in individual
laminations is measured using search coils. The samples are
drilled with an aid of drilling machine. It is constructed from
0.15 mm diameter wire treaded through 0.8 mm diameter
holes 10 mm a part as shown in Figure 3. Each measuring
position suitable coils are wound to measure the easy and hard
direction flux density. The search coil induced voltages are
analyzed to find the magnitude and plane coil induced voltage
of flux density by using power analyzer [PMG6000] as shown
in Figure 4.

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

o= S o MR (1)
4fNAn
And
{e |
o =tan'1l > ] (2)
e,
Where

= frequency supply

N=Number of transformer winding

A = Cross section area of transformer core lamination that
measured

n = number of layer of transformer core lamination

e, = maximum value of the component of induced emf in the
easy direction

g, = maximum value of the component of induced emf in the
hard direction
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Fig. 4: The diagram of the methods that used to measure the localised flux
density.

Sample calculation as follow:

From transformer frame are obtain number of twn is 254
turns. area of lamination is 0.000003m’ with number of layer
is 15 layers and frequency supply is 50 Hz. When the supply
adjusted to fransformer at 1.5T so at the search coil will find
the induced emf by oscilloscope measurements at easy
direction is 3.55V and hard direction is 3.55V. By using the
equation (1) will find the flux density at this pointis 1.4 T.

The primary induced emf in the windings of the three phase
transformers core were monitored by three identical
voltmeters and voltages displayed during the measurement
were only allowed to vary well within + 0.4% of the induced
voltage corresponding to the required flux density.

Flux distribution in the Cold Rolled Grain Oriented
(CRGO) is measured by using an array of search coils to get
the satisfactory result. In this investigation an array of single
turn search coil is employed to measure in-plane (longitudinal
and transverse) of flux density in the lamination within the
transformer core as indicated in figure 5.Because the flux
tends to deviate out of the longitudinal direction in some
region, small 10mm search coils are used to measure localized
longitudinal and transverse flux component. The locations are
chosen to cover the areas whers the flux is more likely to vary
direction so as to find distribution of the flux behavior as
shown in Figure 5.

Fig 5: Location of orthogonal search coils in the three phase core

The testing process is done by using the No-Load Test
Frame. The No-Load Test Frame consisting of three windings
for each three phase core are designed in order not only to
avoid introducing stress to the laminations but also to keep the
magnetism exactly constant in all limbs of the cores. Each
winding only extends along 85% on each limb in order to
enable the stagger length of the three phase core to be varied.
An extra softwood base 200mm high is used to raise the
overall height of the core. in order to minimize the effect of
the stray flux on the localized measurements.

Installation search coil takes quite a long time in completing
this step which every hole needs to be inserted with search
coil. Search coil is the enamel copper coated 0.1mm diameter
wire. Each set of test point (4 holes) consist of easy and hard
direction where the holes of easy and hard direction will be
inserted search coil and the leads are twisted together. All the
holes at testing point need to be repeated the same method of
inserting and twisting the leads,

After the search coils are wound and the leads twisted
together. the holes are filled with polyurethane varnish to give
added insulation protection. The search coil leads. which are
twisted to prevent any spurious pick up. are stuck to the
lamination by a polyurethane varnish. The leads from all the
search coils are taken to a junction box placed in the core to
prevent any interference from the core or magnetising
windings.
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III. RESULT AND DISCUSSION

The instantaneous magnitude and direction of flux at this
instant is shown in Figure 6 on a larger scale. At this instant
the total flux in the centre limb reaches its maximum and outer
limb carry half their maximum flux. A small amount of flux
deviation from the rolling direction occurs at the overlap.

The rotational flux produced in the T-joint region of the
three-phase three limbs ftransformer core are due to a
combined effect of alternating and rotating fields. This
rotational flux illustrates the locus of the variation of the
variation of the localized flux distribution throughout the
magnetizing cycle. The rotational flux of the fundamental
component (50Hz) of flux density on the mix 60° - 23% in
different layers of T-joint at a core flux density of 1.5T is shown
in Figure 7. A large rotational flux is present in the yoke area
which near with centre limb. Rotational flux in this region is
more circular. Some large rotational flux is also observed in or
near the T-joint region.
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Fig. 6: Distribution of localized flux density on the mix 60°-23° in different
layers of T-joint of three phase core at different mstant m time when
wt=60°

Figure 8 shows the rotational flux of the third harmonic
component of flux density in the T-joint of the core assembled
with the mix 60° - 23° in different layers of T-joint at core flux
density of 1.5T. The extent of rotating flux at this frequency is
more widespread. As with the 50Hz component. a large
amount of rotating flux is present in the T-joint region
between the right yoke and centre limb in all four cores. A
small rotating flux occurs also observed in the middle of
centre limb region in the core. There is more rotational flux
present in this region.

The major axes of the locus do not always follow those of
the fundamental component but tend to be parallel to butt
joints over much of the core where the fundamental
components also deviate from the longitudinal direction of the
strip in the yoke.
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Fig 7: Locus of the fundamental component of localised flux density on the
mix 60° - 23° in different layers of T-joint core at 1.5T. 50Hz

A large amount of rotating flux is present in the T-joint
region between the right yoke and centre limb in the core.
Rotating flux in this region is elliptical with showing the
highest value. A small rotating flux occurs also observed in
the middle of centre limb region in the core.
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Fig. 8: Locus of the third harmonic component of localised flux density on the
mix 60” - 23° in different layers of T-joint core at 1.5T, 50Hz.

Figwe 9 shows the measuring point of location and
localized flux densities at the mix 60° - 23° T-joint that are
measured by using the search coil on transformer core. This
result is produced by calculating localized flux density after
the search coil measures the vector of the voltage in the easy
and hard direction at the lamination.

The flux density in the voke then drops rapidly as the flux
distributes itself equally between the laminations. The flux
density reaches a peak at the inner of the mix 60° - 23° T-joint:
this is caused by the saturated material. The minimum flux
density occurs at the outer of the mix 60° - 23° T-joint of
transformer core lamination. The localised flux density will
increase from the outer to the inner edge of the mix 60° - 23° T-
joint. The localised flux density at the outer of the mix 60° - 23°
T-joint is 1.4T and rises to be 1.7 T at the inner edges of yoke
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at the mix 60° - 23° T-joint when the transformer core energized
1.5 T 50Hz.

-
14

Fig. 9: Local vamations in the Tesla of the fundamental peak flux densitv of
the lamination on the mix 60° - 23° in different layers of T-
joint core at 1.5T, 50Hz.

The local variation in magnitude of the third harmonic
component of peak in-plane flux density in the mix 60° - 23° T-
joint at a core flux density of 1.5T is shown in Figure 10. Most
of the high third harmonic flux occurs in the T-joint region.
The high third harmonic of peak in-plane flux occurs at the
inner edge of right yoke passes over to the Butt-joint of centre
limb is 14%. ITarmonic occurs mostly in the T-joint whers
local regions are saturated and the flux deviates from the
rolling direction. However. it has been confirmed
experimentally that harmonics circulated in individual
laminations in the limbs and yokes.

- - -
0.10 0.10 0.10

Fig. 10 Local vanations in the % of the third harmome peak flux density to the
fundamental component of the lammation on the mix 60° - 23° ;m
different layers of T-joint core at 1.5T, 50Hz.

IV. CONCLUSSION

The flux distribution in cores assembled with M5 material
was found varies along overlap area of the stagger at the T-
joint. The localised flux density in longitudinal direction will
increase from the outer to the inner of the mix 60° - 23° T-joint.
The localised flux density at the outer edges of the mix 60° -

23° T-joint is 1.4T and rises to be 1.7T at the inner edges of the
mix 60° - 23° T-joint when the transformer core energized 1.5 T
50Hz. A large rotational flux is present in the yoke area which
near with centre limb. Rotational flux in this region is more
circular.

The high third harmonic of peak flux occurs at the inner
edge of right voke passes over to the Butt-joint of centre limb
is 14% Harmonic occurs mostly in the T-joint where local
regions are saturated and the flux deviates from the rolling
direction.

A small amount of flux deviation from the rolling direction
occurs at the overlap. but no rotational flux is present in the
joint.
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Normal Direction of Flux Distribution in the
Mix 60° - 23° T-joint of Three Phase
Transformer Core

F.Fauzi, and Dina. M.M. Ahmad

Abstract--This paper describes the result of measurement of
normal flux distribution 3-phase 100kVA transformer core
assembled with the mix 60° - 23° in different layers of T-joint. The
investigation involves the variation of normal flux distribution in
the core lamination. The normal flux distribution has been
measured using no load test by arrays of search coil. The highest
normal flux distribution occurs at the corner edge of the centre
limb that is 0.17T and lowest at upper edge of yoke that is 0.09T.
The average value of normal flux distribution is high at flux
transfer region of the lamination. The flux transfer mechanism
shows that two separate path flowing horizontally in the yoke
before leaving the lamination to vertically adjacent layer and
combine with the flux in that layer. Then, it will transfer back to
origin region and extend through the centre limb.

Index Terms—Grain oriented silicon iron, transformer core.
normal flux distribution, fundamental flux.

[. INTRODUCTION

Power transformers are usually employed in electric power
stations, high voltage transmission lines and large utilities. On
the other hand, distribution transformers can be found in small
and midsize industries, hotels, hospitals, schools,
entertainment centers. residential areas and etc [1].

Transtormers are ubiquitous in all part of the power system,
between all voltage levels, and exist in many different sizes,
types and connections [2]. Grain-oriented 3% silicon-iron is
used for transformer cores where high efficiency and low
weight are often paramount [3]. The efficient operations of
power transformer cores depend on a large extend on the
design of the joints between their limbs and yokes. The most
complex joint in three limb cores are the T-joints at the
intersection of the centre limb and yokes. Under ideal
conditions the total flux in the limbs of a transformer core has
a sinusoidal waveform, but in the corners of the core the flux is
far from sinusoidal. The additional loss caused by the flux
distortion can lead to localized heating within the joints [4].

This work was supported in part by the School of Electrical Engineering
UniMAP under Grant FRGS.

F Fijay is with the School of Electrical System Engineering, UniMAP,
Malaysia (e-mail: fijay @ unimap.edu.my).

The objective of this research is to measure normal flux
distribution on the lamination of transformer core that built
from the electrical steel (M5 grade material) 3% silicon-iron
assembled with the mix 60" - 23" in different layers of T-joint by
using arrays of search coils.

II. EXPERIMENT APPARATUS AND MEASURING TECHNIQUE

HREE phase 100kVA distribution transformers are

assembled with the mix 60° - 23" in different layers of T-joint,

mitred overlap corner joints length of 10mm as indicated
in figure 1. Each core is 550 mm x 580 mm with the limbs and
yokes 100 mm wide as indicated in figure 2. The main
apparatus consisted of three phase cores, two yoke cores and
three limbed cores and the cores are assembled from 0.3 mm
thick laminations of M5 grain oriented silicon iron (CRGO)
[7]. Each core comprises of 15 layers. The system for
measuring normal flux density is shown in Figure 3.

Smm 14

X
N

Fig. 1: Corner-joint transformer core type with staggered yoke Smm

In order to study the normal flux density variation, normal
search coil arrays are used to measure normal flux density
variation along and across the lamination. The squares of
10mm x 10mm normal search coils are placed on a layer of
lamination at the T-joint of the transformer core. The locations
chosen must cover the areas where the flux is more likely to
vary direction so as to find the mechanism distribution of the
flux behavior. The location of the investigation for the
transformer core is shown in figure 4.

Dina MM. Abmad is PhD Student in UniMAP (e-mail:
dina@unimap.edu.my).
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Fig. 2: Dimension (mmy} of the mix 607 - 23" in different layers of T-
joint of 3-phase 100kVA transformer core model
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Fig. 3: Associated system for measuring normal flux density.

Fig. 4: The normal search coils position in the T-joint of transformer
core

III. RESULT AND DISCUSSION

Fundamental normal flux density at T-joint {lowing in a
direction normal to the plane of the lamination in the mix 60° -
23% in different layers of T-joint at flux density of 1.5T, S0Hz is
shown in figure 3.

AtB = 1.5T, 50Hz

- . . .
0.09 0.09 0.09

Fig 5: Distribution of the normal direction of fundamental flux density at the
mix 60° - 23% in different layers of T-joint during 1.5 at S0Hz

The magnitude of the normal flux density is high at and
close to an intersection between two adjacent laminations. The
highest normal flux occurs at the corner edges of centre limb
that is 0.17T at flux density 1.5T, 50Hz. The average
magnitude of normal flux density is largest at the overlap
region and smallest at the upper edge of the right yoke. The
fundamental normal flux density increases as it approaches the
T-joint and gradually decrease as it travels further away from
the joint. The magnitude of fundamental normal flux density
traveling between joints reaches minimum at the mid point of
centre limb. This alteration in the fundamental normal flux
density is due to increase and decrease of flux density that has
been energized.

The instantaneous magnitude and direction of flux at this
instant is shown in figure 6 at this instant the total flux in the
centre limb reaches its maximum and both right and left yoke
carry half their maximum flux.

Since the yokes carry only half the maximum value of the
total flux, the majority of the flux from the outer of right and
left yoke is carried through the inner half of butt-joint of centre
limb and the largest flux concentration is found in the upper
edges of centre limb.

Flux path and flux transfer mechanism between
laminations at the T-joint has been illustrated as figure 7 for
the mix 60° - 23° in different layers of T-joint arrangement. The
diagram shows that the flux transfer mechanism between yoke
and limb in the T-joint may occur simultaneously at the same
instant in time. This can be seen for example at the A and B
region where two separate path flowing horizontally before
leaving the lamination to vertically adjacent layer of E and F
respectively and combines with the flux in that layer.
Consequently, the core material in this region approaches
saturation. At the same time, this existing flux will transfer
back to the C region and extend to the whole length of the
middle limb. It has been noticed that the magnitude of normal
flux density high at the butt-joint and decrease as the distance
away from the joint.

571



The 4% International Power Engineering and Optimization Conf. (PEOCO02010), Shah Alam, Selangor, MATLAYSTA: 23-24 June 2010

0.5Tesla
12 - 1 T T = 5
10 o ’f J 4
R B
3 J Py Lo
£ é
% BE { J /
£
Il @ n’r e JF ¢
-
L gl / i
: / /
¥
-2 . : . L : : 7
] 1 1 a B 1o [ 14 L
K-auis x100mm 0.5Tesla

Fig. 6: Distribution of the fundamental component of localised normal flux
density in the mix 60° - 23° in different layers of T-joint of three phase core
built at different instant in time when @t=60°,

Fig. 7: Flux transfer between laminations of staggered yoke limb arrange ment
at the T-joint.

IV. CONCLUSION

From the result of this investigation, the normal flux
distribution in the cores assembled with the mix 60° - 23° in
different layers of T-joint was found varies along overlap area of
the staggered at the T-joint. High normal flux distributions
occur in the corner edge of the centre limb that is 0.17T and
gradually decrease as it travels far away from the joint area.

The flux transfer mechanism between yoke and limb in the
T-joint may occur simultaneously at the same instant in time.

The magnitude of normal flux density is high at the butt-joint
and decrease as the distance away from the joint.
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