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ABSTRACT

This paper déxribes e result of snulation of fTux
distribution an TOOKVA 3phase distribution trangformer
azsembled with 23° T-joint and mitred lap comer foint with
stagger yoke and limb for ane Jamination, The simulation
invalves the variation of e The fhue distributions have bosn
simulated wsing 20FEM by Quickfield Saftware built from
MF (OGO grades matertal of rangformer core laminations.
The jluee density is 1.78 T maxcinam at the centre limb of
tranglormer core and the loss caleulasion iz 1,274 Wikg.

Keywords
Grain oriented silicon iron, rangormer core, 2DFEM, power
losg calculation

LINTRODUCTION

The eectrical ransformer was invented by an American
dectrical engineer, William Stanley, in 1885 and was used in
the first ac lighting installation at Great Barrington,
Massachusetts, The first transformer was used to step up the
power from 300 to 3000 V and tmnsmitted for a distance of
1219 m (4000 f). At the receiving end the voltape was
stepped down to 500V to street power and office lighting. By
comparison, present transformers are designed to transmit

hundreds of megawatts of power at voltages of 700 kV and
beyvond for distances of seveml hundred miles, [1]

Loss evaluation has become im portant because of high eergy
cost, Therefore, it is necessary to know in detail e
behaviours of flux in transformer in order to develop cores
with higher efficiency.

The efficient operation of power tmnsformer cores depends to
a large extent on the design of the joints between ther limbs
and yokes. In the threephase, three limb core the most
complex joints are the T-joints ot the intersection the cenire
limb and yokes,[5]

The gquantitative analysis of localized flux and loss
distributions has become easier through the remarkable
progress of numerical field calculations such as the finite
element method, The numerical simulation iz more effective
and economical than experimental method Moreover, useful
sugpestions foor improving tmnsfrmer can be obtained from
the calculated flux and loss distribution

The objective of this simulation i to know the flux
distribution and caleulate the losses oecur on the trans former
core with 23° T-joint built from M3 grade material wing 2D
FEM.
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" Figure 4. The diagram of the methods that used to measure
the localised flux density.

Figure 2: Transformer core type T<joint 23°

The localized flux density distnbution 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 analysed to find the magnitude and plane coil induced
voltage of flux density by using power analyzer [PMG000] as
shown in Figure 4.

Figure 3: Dimensions [mm] of the holes dnlled in the
specimen

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

b= aggnte-'+ P M
And
o ...14[1] @
‘r
Where
= frequency supply
N = Number of transformer winding

A = Cross section area of transformer core lamination that
measured

n = number of layer of trans former core lam ination

&, =maximum value of the component of induced emf in the
aasydireﬁim

&y =maximum value of the component of induced emf in the
hard direction

Sample caleulation as follow:

From transformer frame are obtain number of tum iz 254
turns, area of lamination is 0.000003m® with number of layer
i5 15 layers and frequency supply is 50 He. When the supply
adjusted to transformer at 1.5T =0 at the search coil will find
the induced emf by oscilloscope measurements at easy
direction is 190mV and hard direction is 180mV., By using
the equation (1) will find the flux density at this point is
103mT.

The primary induced em 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 army of search coils to get the
satisfactory result. In this nvestigation an army of single turn
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search coil is employed to measure in-plane {longitudinal and
transverse) of flux density in the lamination within the
fransformer core as indicated in figure 5 Becouse the flux
tends to deviate out of the longituding] direction in some
region, small I0mm search coils are used to measure
localized longitudinal and transverse flux component The
locations are chosen to oover the areas where the flux is more
likely to vary direction 0 as to find distibution of the flux
behavior as shown in Figure 5.

The testing process 15 done by using the MNo-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
mtroducing stress to the laminations but also to keep the
magnelism exactly constant in all limbs of the cores. Each
winding only extends along 85% on each limb in order to
emable the stagger length of the three phase core to be varied,
An extra sofiwood base 200mm high is wed to rmise the
overall height of the core, in order to minimize the effect of
the stmy flux on the localized measurements,
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Figure 5: Location of orthogonal search coils in the three
phase core.

Installation search coil takes quite a long time in completing
this step which every hole needs to be inserted with search
ool . Search coil is the enamel copper coated 0. Imm diameter
wire. Each set of test point (4 holes) consist of ensy and hard
direction where the holes of casy 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
nserting and twisting the leads.

After the search coils are wound end the leads twisted
together, the holes are filled with polyurethane vamish to give
added insulation protection. The search coil leads, which are
twisted to prevent any spunows pick up, are stuck to the
lamination by a pol yurethane vamish. The leads from all the
search coils are taken to @ junction box placed in the core to
prevent any interference from the core or magnetising
windings.

3 RESULTS AND DISCUSSION
The ingantaeous magnitude and direction of fux at this
nstant is ghown 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 macamum fAux. A small amount of
flux deviation from the rolling direction occurs at the overlap,

‘The rotationsl flux produced in the T-joint region of the three-
phase three limbs transformer core are due to a combined
effect of alternating and rotating fields. This mtational
illustrates the locus of the variation of the variation of the
local ized flux distribution throughowt the magnetizing cycle.
The rotational flux of the fundamental component (50Hz) of
flux density in the 10mm staggered core at a cone flux density
of 1.5T is shown in Figure 7. A large motational flux is present
in the yoke area which near with centre limb. Rotational flu
in this region is more ciroular. Some large rotational flu is
also observed in or near the T-joint region,

Figure & shows the mtational flux of the third harmonic
component of fwx density in the T-joint of the core
assembled with 23" at core flux density of 15T, The extent of
rotating flux at this frequency is more widespread. As with
the 50Hz component, a large amount of rotating fux is
present in the T-joint region between the right yoke and
centre limbin all four cores. A small miating flux occurs also
observed in the middle of centre limb region in all four cores,
There is more rotational flu present in this region,

The major axes of the locus do not always fisllow those of the
findamental component (particularly the 23" T-joint of core)
but tend to be parallel to butt joints over much of the core
where the findamental components also deviate from the
longitudinal direction of the strip in the yoke.
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Figure & Digribution of local ized Mux density at 23° T-joint
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Figure 7. Locus of the fundamental component of localised
i density in 23" T-joint staggerad core with overlap length
10 mam at 1.5T, 50Hz

1 Tesla

Figure &: Locus of the third harmonie component of localised
flux density in 23" T-joint saggered Core with overlap length
10 mm at 1.5T, 50Hz.

Figure 9 shows that the rotational flux of the fifth harmonic
component of flux density in the T-joint of the core
assembled with 23" at core flux density of 1.5T is more
widespread. The magnitude of the rotational flux is small
compared with that of the fundamental and thind harmonic.
The distribution of the fifth harmonic component is d assified
to a region near to and within the T-joint.

A large amount of rotating flux is present in the T-joint region
between the right yoke and centre limb in the core. Rotating
i in this region is elliptical with the 23" T<joint of core
showing the highest value. A small rotating flux oceurs also
observed in the middle of cantre limb region in fie core.

Figure 9: Locus of the fifth harmonic component of localised
flux density in 23" T-joint staggered cores with overlap length
10 mm at 1.5T, 50Hz

Figure 10 shows the memsuring point of location and localized
flux densities at 23" T-joint that are measured by using the
search coil on tansformer core. This result is produced by
calculating localized flux demsity after the search coil
measures the vector of the voltage in the easy and hard
direction at the lamination.

The flux density in fhe yoke then drops rapidly as the flux
distributes itself equally between the laminations. The flux
density reaches a peak at the inmer of 23" T-joint, this is
cousad by the saturated material The minimum flux density
ocours at the outer of 23° Tsjoint of transformer core
lamimation. The localised flux density will increase from the
outer to the inner edge of the 23° T-joint. The localised flu
density at the outer 23* T-joint is 0.190T and rses to be
Q217T at the inner edges of yoke at 23" T-joint when the
transformer core energized 1.5 T 50Hz.

At B =157, S0Hz
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Figure 10; Local variations in the Tesla of the fimdamental
peak in-plane flux density of the lam ination in 23""T-jointof
three phase staggered core with overlap length 10 mm at
1.5T, 50Hz.

The local wariation in magnitde of the third harmonic
component of peak in-plane flux density in the 23° T-joint at
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acore flux density of 15T is shown in Figure 11. Most of the
high third harmonic flux ocours 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
ig 23 4mT. Harmonie ocours mostly in the T-joint where local
megions ane saturated and the flux deviates from the rolling
direction. However, it has been confirmed exparimentally that
harmonics circulated in individual laminations in the limbs
and yokes,
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Figure 11 Local variations in the mT of the third harmonic
peak flux density to the fundamental component in-plane of
the lamination in 23" T-joint of three phase staggered core
with overlap length 10 mm at 1.5T, 50H=z.

The local variation in magnitude of the fifth harmonic
component of peak in-plane flux density in the 90" T-joint at
a core flux density of 1.5T is shown in Figure 12 to be very
small.
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Figure 12: Local variations in mT of the fifth harmonic peak
flux density to the fundamental component in-plane of the
lamination in different T<joint of three phase stagpered core
with overlap length 10 mm at 1.5T, 50Hz.

4. CONCLUSION

The flux distribution in cores assembled with M5 material
was found varies along overdap area of the stagger at the T-
joint. The localised in-plane flwx density will increase from
the outer to the inner of the 23* T-joint. The localised flux
density at the outer edges 23" T-joint is 0.14 7T and rises to be
0.206T at the nner edges of 23" T-joint when the trans former
core energized 15 T 50Hz. A large rotational flux is present
in the yoke area which near with centre limb. Rotational flue
im this region is more circular,

The high third harmonic of peak in-plane flux occurs at te
inner edge of right yoke passes over to the Butt-joint of centre
limsb is 22.2mT. Harmonic occurs mostly in e 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 a the overlap, but no matimal flux is present in the
joint.

The local varation in magnitude of the fifth harmonic
component of peak in-plane flux density in the 23° T-joint at
acore flux density of 1.5T isto be very small
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ABSTRACT

Thiz paper describes the resull of measurement of
localized loss distribution on 100EVA 3phase distribusion
trangformer assambled with 23° T-joint and mitred lap corner
Joint with stageered yoke The measwrement involves the
wvariation of temperature rise. The localized loss have been
meazwred using no load teg by arvavs of thermistor on the
swrface of MS (OGO) grades material of trangormer core
laminations. The locali sed loss at the outer 23° T-jaint is 1.05
Wikg and rises io be 1.26 Wikg ai the inner 27 T-joint when
the trangformer core energized 1.5 T 50Hz The several
harmful effects can occwr because the fTux flows ot of the
rolling direction.

Keywaords
Grain ortented silicon iror, trangformer core lemperaiure
rise, power loss..

L INTRODUCTION

An important factor in the design of the T-joint in three linbs,
three-phase power transformers is the localized loss variation
within the joint. Mot only is the overall loss of the core

affected by the T-joint, but high localized | osses can generate
hot spots in the core. The power-loss distribution depends
upon the localized flwe density variation, which in tumn
depends on the design of the joint. A particular joint
configuration might produce rotational fluwg, nomnal flux
between layers of laminations, or altenating flux directed
away from the rolling direction of the laminations, all of
which tend to increase the core loss, [1]

The ohjective of this investigation is to obtain the localised
loss distribution of the transformer core built from electrical
steel (M3) with 3% silicon iron assembled with 23° T-joint
and mitred lap cormer joint with stagger voke by using
therm istor,

2. EXPERIMENT APPARATUS AND
MEASURING TECHNIQUES

A 3-phase3 limb stacked cores are assembled with 23° T-
Jjoint and mitred lap corner joints as indicated in Figure 1.The
core is 550 mm x 580 mm with the limbs and yokes 100 mm
wide. The core is assembled from 0.3 mm thick lamnations
of M5 grain-oriented silicon ron (CGO) as indicated in
Figure 2 and the core comprises of 15 layers has staggered
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yoke of core with overlap length of 5 mm fom other adjacent
lamination. Staggering altemate layers of laminations in the
yoke direction as indicated in figure 2 is known to reduce the
losses of core assembled from silicon iron [2]

Localised loss on the Cold Rolled Grain Orented (CRGO) is
measured by using an amy of themistor to get the
satisfactory result. The locations chosen mud cover the areas
where the loss is more likely to vary direction s0 as to find
distribution of the flux behavior as shown in Figure 3.

Figure 1: Transformer core type with T<joint 23°
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Figure 2: Dimension (mm ) of 100kVA transformer model
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Figure 3. The thermistor position on the T-joint of
transformer core

The testing process is done by using the No-Load Test Frame.
The Mo-Load Test Fame 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 ewmctly constant in all limbs of the cores as
indicated in figure 4. The core could be energized to 1.5 T
(50Hz)

Loss will be obtained by caleulating the multiple of gradient
temperature on the lamination to relationship constant of
gradient temperature and power loss reference. The power
loss reference is obtained by using Epstein Test measurement
with comparison temperature rise in the the middle of the
limb of core lamimation and nominal less at adjusted 1.5T,
S(Hz,

The relationship between loss and temperature rise will be
found from the equation as follows:

Pue=C 4T/ (1

where C is the relationship constant that is C = 14 [W-
minuteskg-"C]

dT/ﬂia temperature rise from measurement
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3. RESULTS AND IMSCUSSION

Figure 5 shows the mesh gmph of the localised | oss measured
by using the thermistor at the 23° T-joint of transformer core
lamination. This mesh graph is drawn by wsing the Matlab
software based on the result of this investigation. The power
loss at 23° T-joint shows that the power loss reaches a peak at
the inner edge of 23° T-joint and the minimum power loss
occurs at the outer edge of 23° T-joint of transformer core
lamimation. The localised power loss will increase from the
outer edge to the inner edge of the 23° T<joint. The localised
power loss at the outer edge of 23° T-joint is 1.05 W/kg and
rise to be 1,26 Wikg at the inner edge of 23° T-joint when the
transformer core enemgized 1.5 T S0Hz. The major regions
where the flux deviates from the rolling direction are at the
23" T-joint where the flux passes from the yoke to the limbs,
Here several harmful effects can oocur because the flux flows
out of the rolling direction.

Figure & shows the measuring point of location and localised
power loss that are measured by using thermistor at 23" T-
joint. This result is produced by calculating the multiple of
tempemture rise on the lamination to rel ationshi p constant of
temperature rise and power loss reference.

Figure 5. The mesh graph of the localised loss measured by
the tempermture metiod at the 23% T-joint.

_Fm = PN B i
Sl QI sns gos gm g o
R L
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Figure 6: The average localized power loss at 23° T<joint (he
values are expressed in Wikg) is measured by using
e perat ure method.

4. CONCLUSION

The localised loss distribution on cores assembled with
M5 materials varies along overlap length of 23% T-joint of
core lammations, The localised power loss will increase from
the outer edge to the inner edge of the 23° T-joint The
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localised power loss at the outer edge of 23" T-joint is 1.05
Wikg and rise to be 1.26 Wkg at the inner edge of 23" T-joint
when the transformer core energized 1.5 T 30Hz. The T-joint
of core lam ination oceur several harmful effects caused by the
flux flows out of the rolling direction.
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ABSTRACT

This paper describes the result of an investigation in 3-
phase I00KVA transformer core assembled with staggered
yoke of [ lmmoverlap lengih The investigation imvalves the
vartation of wormal e distribog lon n the core lamination
The normal flux distribution has been measwred at T-joint
core model of 15 layers of lamination by arrays of search
coll. The highest normal fux disiribution occwrs a the
upper edge of the middle limb that is 0.170T and lowest at
upper edge of yoke that is OIT. The average vahe of
movrmial e disiribution is Mgh at flae trangfer region of the
lamination. The floc transfer mechanism shows that two
separate path flowing horizomially in the yoke before
leaving the lamination to vertically adfacent layer and
combine with the flux fn that laver. The Flues will draps in
the T-joint are gpproached as flux diverts to adjacent
laminations above and below to avoid the high reluciance
air gap.

Kevwaords: Grain orfented silicon fromn, irangformer core,
mormial T distribution, fundamental e

LINTRODUCTION

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

Transformers are ubiguitous i all part of the power system,
between all voltage levels, and exist in many different sizes,
types and comnnections [2]. Grain-oriented 3% silicon-iron
i5 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 vokes, The
most complex joint m 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 tmnsformer core
Ias a sinusoidal waveform, but in the comers 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].

The objective of this research is to measure normal fux
distribution on the lamination of transformer core that built
fiom the electrical steel (M35 grade material) 3% silicon-iron
assembled with 23° T-joint mitred lap comer joint with
staggered yoke by using amay of search coils,

LEXPERIMENT APPARATUS AND
MEASURING TECHNIQUES

Three phase 100kVA  distibution  transformers  ane
assembled with 23" T<joimnt, mitred overlap corner joinls
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 appamtus 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
gmin odented silicon iron (CRGO) [7] Each core
comprises of 15 layers, The system for measuring normal
flu density is shown in Figure 3,

Figure 1@ 23 T-joint tmnsformer core type with staggered
yoke 10mm



L = o 3. RESULTS AND DISCUSSION

T& e a2 o Fundamental normal flux density at T-joint flowing in a
At i direction nomnal to e plane of the lamination in the
" i i siaggered yoke 10mm [.5T, 30Hz is shown in figure 5.
e e S The magnitude of the normal flux density = high at and
il close to an intersection between two adjacent lami nations,

The highest normal flux occurs at the comer edges of centre

limb that is 01707 at fux density 15T, 30Hz, The average

). . ] -I magnitude of nomal M density is largest ot the overlap
1m

r = SOHE region and amallest af the upper edge of the nght yvoke, The
i __"__________a_ fundamental normal fue density mereases as it approaches
I._. .__..[ the T<jomt and gradually decrease as it travels further away

1 1m 1o from the joint, The magnitude of fundamental normal flux
density traveling between joints reaches mimmum at the
Figure 2: Dimemsion (mm) of 23 T-joint 100kVA mmiid point of centre limb. This alteration i the fundamental

-

imnsforiner model normal e density is due to increase and decrease of flux
) density that has been energ ized.
A1 B =1,5T, 50Hz
Farmal Search a,,ég&ul_‘ = "Thﬁ_'"_ln':mi{_ S— T, — J”H:.fnzi_ =
LAMINATION I | e
I e i ol
I oAy : o
| I: | ¥ c H I
Figure 3 Associated system for measuring nomal flux I, :“ 0121 | 041 :Iml
denit, o t I
| ' ' I
In order to study the normal flux density variation, nomal : “ ] H I
seanch coil arrays are wed to measure normal fux density i II i |
varistion along and across the lamination. The squares of e I lr.l'{

10mm x 10mm normal search coils are placed on a layer of
lamination at the T-jcint of the tmnsformer core, The
locations chosen must cover the areas where the fux =
mome likely to vary direction so as o find the mechanism
distibution of the flux behavior, The location of the
investigation for the transfrmer core is shown in fGgure 4.

Figure 5. Disinbution of the nommal diredion of
fumdamental flux density at T-jomt with ovedap length of
10mm during 1.5 at $0Hz,

The mstantaneous magnitude and direction of flux at this
instant 15 shown i figure 6 at ths mstant the total o
the centre limb reaches i1s maximum and both nght and lefl
yoke carry half their maxiomm flu,

Since the yokes carry only balf the maximum value of the
total fl, the majority of the flux from the outer of right
and left yoke s camed through the mner half of jmction of
middle limb and the largest flux concentration 15 found in
the upper edges of middle limb.

Figure 4: The nomal search coils position in the T-joint of
tmnaformer core
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Figure &: Distribution of the fundamental component of
localised normal flux density in the 23 T-joint of three
phase core built at different instant in time when at=60",

Flue path and flux transfer mechanism between laminations
at the T<joint has been illustrated as Ogure 7 for staggered
yoke arrangement. The diagrmam shows that the flux transfer
mechanism between yoke and limb in the T-joint may occur
simultanecusly al the same mstant 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 D 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 tansfer 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 inner edges of yoke at junction between yoke and
middle limb and decrease a5 the distance away from the
Joint,

Fig 7 Flix wansfer betwom laminstions of staggeed yoke Hmb
mmangement &t the T-joint.

3 CONCLUSION

From the result of this investigation, the normal flux
distribution in the cores assembled with 23°T-joint was
found varies along overlap area of the staggered at the T-
joint, High normal flux distributions occur in the comer
edge of the centre limb that is 0.170T and gradually
decrease as it travels far away from the joint area,

The Auwx trans fer mechanism betweean yoke and limb in the
Tjomt may occur simultanecusly at the same instant in
time, The flux transfer mechanism most occur at T-joint of
the tmnsformer core compared to the other places. The
magnitude of normal Aux density 15 high at nearest of the
qunction of T-jomt and decrease as the distance away from
the joint,
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ABSTRACT

This paper describes the resull of measurement of in-plane
Sl distribution on T0EVA 3phase distribution transformer
assembled with 23" Tofoint and mitred lap cormer joint with
stagger yoke of I0mm. The measwement involves the
Jundamental, third and fifth harmonic of the easy and hard
divection qf flux density at each location meamurement. The
Jhee distributions have been measured wsing no load test by
arrays of search coill in M5 (OGO0) grades material of
tramgformer core lominations The localised e density ar
ithe outer 23° Tfoint is 0147T and rises to be 0.206T at the
imer edpes of 23° Tyoint whem the mranglormer core
energized 1.5 T M Hz. Harmonte occwrs mostly in the T-foirt
where local regions are saburated and the T deviaies from
the rolling directon.A small amowy of fhec deviation from
the rolling direction oocwrs af the overlap, bt mo rofati onal
S is present in the joind.

Keywords
Grain orienied sdicon iron, trangormer core, in-plane [Tux
alistri bution.

L INTRODUCTION
Transformer iron loss can be reduced either by improving the

quality of the steel or by using better building and design
technigues. The efficiency of a tmmsformer core is also

largely dependent upon the design of the joints at the
junctions of the voke and limbs. In these regions the flux may
deviate from the rolling direction of the stedl or become
distorted =0 that local areas of the high loss are produced. [1]
The use of grain-oriented silicon iron has been the main
beneficial factor n increasing trans former efficiency. [2]

The behaviour of this investigation is to understand the in-
plane flux distribution of the transformer core built from
electrical steel (M35) with 3% silicon iron assembled with 23°
T-joint and mitrad lap corner joint with stagger voke of 10mm
by using amays of search coil,

2. EXPERIMENT APPARATUS AND
MEASURING TECHNIQUES

The man appamtus consist of a model cores three-phase
100kV A tmnsformer assembled with three limbs core with T-
joint eutting angle 237 assembled from CRGO (M5 grades)
3% 8i-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 T-joint 23° mitred
overlap comer joints with staggered yoke and overlap length
i 10mm as shown in Figure 2 and assembled from 0.3 mm
thick laminations of M35 grain-oriented silicon iron (CRGO).
Associated  instruments are  wsed to  measurement
fimdamental , thind and fifth harmonic content of the localised
flux densty distribution.
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2. METHODOLOGY

Methodology that is used to complete this investigation had
been divided into three major tasks:
1. Drawing transfi core
and M5 grade material
2. Simulation of the ransformer core drawing
3, Loss caleulation for the transformer core material

ble with 23° T-Jaint

Drawing the transformer core configuration is the first step
before doing the simulation. In this simulation, this drawing
had been done using Quickfield v5.2 software. QuickField is
an interactive environment for electromagnetic, thermal and
stress analysis, In QuickField, it works with several types of
documents, problems, geometry models, material librarnies
and others. QuickField can perform linear and nonlinear
magnetostatic analysis for 2-D and asymmeric models. The
program is based on a vector potential formulation.
Dimension of the 100kVA transformer core model are as
figure 1. The configuration of T-Joint is drawing in Figure 2.

- It -
¥
IE
L Limi Limib
550
i
e :
I woo | 100 wo |
Figure 1: Dimension (mm) of 100kVA trans former core
maodel

"
™, /T
Figure 2 : Transformer core type 23° T-joint
To identify the material, B-H curve reading need to be tuck at
the data column for each of the limb. The values for material

can be obtained from the B-H curve. The data dhould be
tucking as indicated in table 1.

Table 1: B-H curve data from the exciting force

BN 11 +1284
Fiie D emveity S grades

] HiAmia)
os S130
06 -129.4
o -129.2

1 A0
11 165
1 10.5
14 &
18 il
16 i
17 0
18 1ET0
14 0

B-H curve data can be took from the hysteresis loop
magnetizing curve of the material, Magndizing curve for M5
grade material is obtained from the technical details of the
CRGO material. Each of the limb and yokes block label need
to be entering with the data such as coercive force of magnet,
field source and others.

Directions of the coarcive force of magnet are set to same to
both of right and left limb. Only the centre limb are set
different direction pole from the both right and left limb. In
this drawing, the pole were set to be 90" for the right and left
limb and the centre limb will be set to -90°. This will make
sure flux from left and right limb will flow through the centre
limb, Meanwhile for the upper yoke and lower yoke the
direction were set to zero degree for both upper and lower
yokes. [2]

After entering the related data for each of the block label
properties, data label for edge also need to be set also. In this
drawing, only air type and steel type need to be set for the
edge label property. In the edge properties, for every edge of
the steel need to be assign to tangential field and for the air
edge, it need to be assign tomagnetic potential

Before any simulation took place, the drawing should be
check either mesh can produce all over the dmwing or not.
There is button build mesh on top of the dmwing toolbar.
When building mesh is finish, the drawing waill be cover with
green line all over the drawing.

Simulation only can be executed after mesh had been built
offl To execute the simulation, there is executing button on
the toolbar icon. If the simulation success without having any
aror on the drawing a result with flwx line flow through the
core will come out. Value of flux density can be obtained
from the field picture by right clicking on the result drawing.
To check the local value, dick on local value button and just
pointing mouse at any space of the simulation result to get the
result value.

3 ANALYSIS

Flu Density formula:
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i )
= 2)
where u=material permeahility

H = material intensity from the tatle

The flux density is assumed to lie in the plane of modal (xy or
7r), while the vector of electric cument density j and the
vector potential A are orthogonal to it Only f; and A, in
planar or jp and Ay in axisymmetric case are not equal to zem,
We will denote them simply § and 4. Finally, the equation fior
planar case is

sea et @
and for axisymmetric case is
A @

where components of magnetic permeability tensor g and u
(g and y), components of coercive force vector Al and A,
(H5 and H.), and current density j are constants within each
block of the model .

In order to find the loss of energy per cyele or magnetization
of transformer core lamination as follow,
Let  J=mean of iron bar
A =itsarea of cross section
N=No of tums of wire of the solenoid.
with relate the B-H curve of core material shown in figure 3.

Figure 3. Hysteresis carve
If B is the flux denzity at any instant, then & = B4

when cument through solemoid changes, then flux also
changes and s0 produces and induced em f whose value is

YL (3
alf

- B _ o 4B {6}
e=N & M-Idﬂvdr

Now, H = NI or I = HUN (n

The power of rate of expenditure of enemy i
maintaining the curent 7" againg induced em . f 2" is

= il wai = %x NA%# ALH %Wﬁﬂ &)
Energy spent in time ‘dt

41{:%:.&—,1..'.;:..1& Joule
Total network done for one cycle of magnetzation is
W= Al§H dp Joule )

Hence 4H.d'.3=arm of the loop, i.e the area between B-H

curve and the Baxis,

So, work done, cycle = Alx farea of the loap) Joule
Now Al = volume of material

So net wark done/eyelein’ = (loap area) Joule

Or W = (area of B-H loop) joule/m’/eyele

4. RESULT AND DISCUSSION

As an overview flux will flow through the core limb in
various pattems, From figure 4 it shows that flux fow
through centre limb from each left and right limb. Simulation
wing CQuickfigld software showing the flux lines flow
through the limb and yoke of transformer core,
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Figure 4: Flux lines flow through transformer core

The flux density value from simulation is 1.78 T as indicated
in figure 5. Flux density that is flow through the transformer
core iz not uniform. The maxmum flux density is found in
the centre limb of transformer core. Becouse the flux density
that is flow from the left and right limb of the transformer
core 15 enter toward the centre limb of transformer core.



wofthe 11® fnternational Conrence on (4R (Dualiny in Ressarch)

Mahl afwmm; Uhniversigy ny'.l'uﬁu.ld, Depok, Indonesia, 36 Augus 2009

SN 1141284

Fhas Dareiy
BT]

1.780
1602
1.424
1.246
1.068
0.83o
oz
0534
0356
oire
0000

Figure 5: The flux density ocour in the transformer core
lam mation

An energy density val ue is recorded in unit Jim?®. For
M5 grade material of the fransformer core has the value of
energy density is 195 I/, Energy density obtained from the
simulation result is shown in figure 6. In this figure shows the
enengy density occurs at the left and right limb of transformer
core.
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Figure 6: Energy density simulations on transformer core

From the simulation result, some data can be obtained such
[

Energy Density, mH = 195 Jim’
Density = 7.65kg/dm* ( from the B-H curve)

In onder to find frequency, the equation is;
1 1 . 1
f-?-E-ﬁ[hFﬁ' I-Em
=002 sec
From simulation result data, power loss per kg can be
calculated using;

¥
Power_Loss! kg = . 1957 fm’

765k dm " TEE 10 kgim®

195 _ 195. 5 =1274Fan [ kg
BT et el

5. CONCLUSION

Losz evaluation has become important because of high energy
cost. Therefore, it is necessary to know in detail the
behaviours of flux in tramsformer in order to develop cores
with higher efficiency. The values for material can be obtained
from the B-H curve

From the result of simulation found the flux density is 1.78 T
and the loss caloulation is 1.274 Wikg Flux density that is
flow through the tmnsformer core is not uniform. The
maximum flux density is found in the centre limb of the
transfrmer core.
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