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Measurement of Flux Density Distribution on
00KV A 3-Phase Distribution Transformer
Assembled With 90° T-Joint and Mitred Lap
Corner Joint with Stagger Yoke by Using Search
Coil

Dina MM, Ahmad and T Daut

School of Elee, Syat, Eng, and Power electronic & Eec, Machine Design Cluster, UnibMAFR, Perlis, Malaysa,
Emmail: dimaiunimap edwmy and smail dasid i map edumy

Absiract— This paper deseribes the reult of mensurement
of Tlhux distribution on  TMKY A 3phase  distribation
transfermer assembled with H0" T-joint and mitred lap
vy joint with stagger yoke Tle measeven et bivoelves
the variaton of flux. The flux demsity dsributons have
been measured wwing no kad test by arrays of search coil in
ME (L0 grades material of transform er core lnminations,
The localised Mux density ot the outer SF° T-joint & S mT
andd ries to be 198 mT at the inner S° T-joint and the
ocalisxl Mux density at the owter cormner-joint is 81 mT and
rises W be 149 mT at the inner cormer-joint when the
transfarmer core energived 1.5 T 30Hz A small amount of
Aux deviation from the rolling direction occurs ot the
mverlaa

Keypwondy—Transformer corej flux distribution; power loss;
searcheoil

I, INTRODUCTION

The efficent opearation of power tmnsfommer cones
depends to a large extent on the design of the joints
betwem their limbs and yokes, In the three-phase, three
limb gore the most complex joins are the T-joints at the
intersection of the cantre limb and yokes, The joint should
be constructed to give mechanical stability to the core and
o be magnetically efficient.

Under ideal conditioms the total flux in the lmbs of a
transfrmer core has a sinusoidal waveform, but i the
comners of the core the flux s far from smuosoidal, The
additional loss casad by the flux distortion can lead to
localized heating within the joints.

Another possible cause of increased power loss i the
T-joint 1= rotational hysteresis which might oceur, This
cansed when the magnitude of the Qux remais constan
and it direction varies in a cyclic manner, Some flux
might motate and osallate producing local hotspot.[ 1],

Transtormer iron loss can be meduced either by
improving the quality of the steel or by using betler
buikling and design technigues. The efficiency of a
transfrmer core is also largely dependent upon the design
of the joints at the pmctions of the yoke and hmbs, In
these regions the flux may deviate from the rolling
direction of the steel or become distorted so that local
argas of the high loss are pmduced, [2]

1-4242-2405 40852000 ©2008 TEEE

The objective of this investigation = o know the Mux
distnbution of the tramsformer core built fom electrical
ateel (M3) with 3% silicon iron assembled with 90° T-
_iuil:l andd ol |a.|| [ETR =] Iii_llul wirlly Hlag :r'ill.i,? 'I|_'.-'
using search coil

II.  EXPERIMEMNT APPARATLIS AMD
MEASURING TECHNIOUES

A 3-phased limb stacked cores are assembled with 907
T- joint and mitred lap corner joints & mdicaked m Fig,
I The core is 530 mm x 380 om with the limbs and yokes
1K) mm wide, The come 15 assembled from 0.3 mm thick
lamunations of M5 gram-oriented stheon iron (OG0) as
indicated in Fig. 2 and the core comprises of 5 layers has
staggerad yoke of cone with overlap length of § mm from
other adjacent lamination. Stageering allernate layers of
laminations in e yoke direction as idicated in Fig. 2 is

5o
.
|
- - -
| |
Figre | Transformer core npe with T4ain
I = |
et Hm
T waoks o Ill'l
T il 1Ll Limis
SEEn
i ;
. Y
[ a7 I oo Moo ]
Figure 2 Dimenaion (mem) of 100 VA sanaformes model
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knovwn to reduce the losses of core assembled from silicon
i [3]

Fliee distribution i the Cold Rolled Grain Oriented
(CRGOY s measurd by wing an army of search coils to
el the satisfactory result, In this mvestigation an armay of
amngle trn search coil is employed o measure in-plane
(ongitsdinal and  tansverser of fux density in the
lamimation within the tansfmer core.

The kbcations chosen must cover the areas where the
fux s more lkely to vary dimction so0 as o find
distribution of the M belavior as shown in Fig. 3 and 4,
The testing process 15 done by using the Mo-Load Test

Figum 3 The position of easy and hard dwrection m #he camer
Joim of sansformes core

Frame, The Mo-Load Test Fmme consisting of three
wandings for each three phase core are designad m orler
ot only 1o avoid introducing stress to the laminations but
also 1o keep the magnetism exactly constant in all limhs of

+ 4+ o+ 4+ 4+
+

+ + + +
$ o e
+ ++++¢ 4
++4+4+++ 44+ + 4

FFFF T

+ o+ 4+

+ o+

e T R

Linh

Figwe 4 The search col position inthe T-jomtof wanafemes

the cores as indicated in fg 5 The core could be
energized to 1.5 T (50Hz)

Fowsr &

Figwe 5 The diagram of e mahods that 13 used o measre the
Tocalised flux dansity

The magnitude and direction with meference o the x
axiz of the in-plane instantaneows fux density can be
wntten in the form [3];

H=.qu]'!4',1 [e.}+cv}?l; i
n
And
& =13|1"[i] @
a8, K
Where
= frequency supply

N=HMumber of trars fmer winding
A = Cmss section area of tansformer core lamination that

measured

n=number of layer of wansformer core lamination
&, = macimum value of the component of indvced emf m

the easy direction
e, = maimum value of the component of mdvced emf in
the hard direction

Sample cakulation as follow:

From tansformer frame are obtain number of tum is
254 turns, arca of lamination s O000003m” with number
of layer 15 15 layers and fregquency supply s 50 He, When
the supply adjusted to tramsformer at L3T 50 at the search
coll will  find  the induced emf by osallscope
measuraments at sy direction s 190mY oand  hard
direction is 1B0mY, By using the equation { 1) will fisd the
fliee density at this point s 103mT,

[, EXPERIMENT RESULT AN DISCUSSION

Fig, & shows the mesh graph of the localised flux
density measured by using the search coil at the 907 7-

g Toan o e A Thamsirsae st

Fgured The mesh gmph of fie localised flux dmsiy massured
T she: search coil atthe 907 T-join,

Joint of transformer core lamimation, This mesh graph s
dravwn by using the Matlab software based on the result of
this investigation, The fhe density at 207 T-joint causes
the Aux density in lamination yoke drop in the 90° T-joint
ared Qux transfers into the laminat ions above and below it
The Mux density in the limb then drops rapdly as the
e distributes nsellequally between the laminations, The
M density reaches a peak al the imer of 90" Tojoint; this
is caused by the saturated material. The minimum flis
density occurs at the puter of 90° T-joint of transformer
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core laminaton, The localised Mux density will inerease
from the outer to the inner of the 90° T<joint. The localised
flux density at the outer %07 T-joint is %0 mT and rises to
be 198 mT at the imner 90° T-joint when the transformer
core energized 15T S0He.

Fig. 7 shows the measuring point of location and

e E g m ;o

Am_pm am _uw  gm

pO pm gm am
R S S
A E e e e

g gy ga

Comtie Limh

Figwre 7. The average flux denssty at 90 T-jomt the vahies are

expressed in mT) is measored by using search codl,

localived Mux densities at 90° T-joint that are measured by
wsing the search coil on tansformer core. This result is
produced by caleulating localized flux density after the
search coil measumes the vector of the voltage in the easy
and hard direction at the lamination.

Fig. £ shows the vanation in magnitude and direction of
flux density at %0° T-joint. A small amount of Aux

e S S i

el B

EE]
2
'y

Figwe & Diswibution of localizad flux density at 90 T-joint,

U A

deviation from the mlling direction oceurs at the overlap,
Fig. 9 shows the mesh graph of the localised flux
density measurad by using the search coil at the Corner-
Joint of transformer core lamimation, This mesh graph is
dravn by using the Matlab software based on the result of
the mvestigation, The flux density at comner joint causes
the Aux density m lamination yoke drop i the corner joint
and M tramsfers in to the laminations above and below it

Figure 9 The medh graph of de localised M denaity messuned

fry #he search ool af the comer-jaint.

The Mux density in the limb then drops rapidly as the fus
distributes itself equally between the laminations, The flux
density reaches a peak at the inner of corner joint; this is
camsed by the saturated material. The minimum s
density ocours at the outer of comer-joint of transformer
core lamimation. The bcalised Qux density will increase
from the outer to the inner of the cormer-joint, The
localised Mux density at the outer comerjont is &1 mT
and rises to be 149 mT at the inner comer-joint when the
transformer core energized 1.5 T S0Hz,

Fig. 10 shows the measuring point of location and
localized flux densities at comer-joint that are measured
by wsing the search coil on tramsfommer core, This result is
produced by calculating localized Mux density after the

Figure 10. The avesge Dux denaity &1 comer joint (e valoe ane
engressad m mT) 15 measured by using search cail,

search coil measures the vector of the voltage in the casy
and hard direction at the lamimat on

Fig. 11 shows the vanation in magnitude and direction
of flig density at corner joint, A small amount of fl
deviation from the rolling direction occurs at the overlap,

— e = - =

Figare 11 Diswibugion of localizd flox density a1 comes join,

but mo rotational Qux is present in the joint. The major
regions where the flux deviates from the rolling direction
are the corners where the flux passes from the yoke to the
limbe.

IV, CoNCLUSION

The flwe distribition in cores assembled with WS
materials varies with the stageer length, The localised Mux
density will increase from the outer to the inner of the 907
T-joint, The localised fli density at the outer 907 T-joint
is 90 mT and rises 1o be 198 mT at the inner 90° T-joint
when the tmnsformer core energized 1.5 T 50Hz.

The localised flux density wall increase from the owter
to the mner of the cormer-joint. The localised Mux density
at the outer comer=joint s 81 mT and rises to be 149 mT
at the imner comer-joint when the transformer core
energized 15T 50He.

1406



2 [EEE Imemational Conference on Power and Energy (PECan 08), December 1-3, 2008, Johor Baharnu, Malaysia

The bcalised changes can be related 1o the changes in
in-plane fux distribution particularly in overlap regions of
the joints, |3]

A small amowunt of Mo deviaton from the rolling
direction occurs at the overlap, but no motational flux is
present i the joint,
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