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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 

Abstract--This paper describes the result of investigation of 
longitudinal direction of flux distribution in lOOkVA 3phase 
distribution transformer assembled with the mix 60° - 23° in 
different layer s of T -join t. T he measurement involns the 
fundamental and third harmonic of the easy and ha r d direction 
of flux density at each location measurement. T he flux 
distributions have been measured using no load test by a rrays of 
search coil in MS (CGO) grades material of transformer core 
laminations. The localised flux density at the ou ter the mix 60° -
23° in differen t layers of T-join t is l.4T and rises to be 1. 7T at the 
inner edges of the mix60° - 23° in differ en t layers of T-joint w hen 
the transformer core ener gized 1.5 T SOHz. H armonic occurs 
mostly in the T -joint w here local regions are saturated and the 
flux deviates from the rolling direction.A sm all amount of flux 
deviation from the rolling dh·ection occurs at the overlap, but no 
rotational flux is present in the joint. 

I ndex Terms- The in-plane flux distribution, sea rch coil, 
transformer core, third ha rmonic. 

I . INTRODUCTION 

Transfonner 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 j oints 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 transfonner efficiency. [2] 

The behaviour of this investigation is to understand the 
longitudinal direction of flux distribution of the transfonner 
core built from electrical steel (M5) with 3% silicon iron 
assembled with the mix 60° - 23° in different layers of T-joint 
by us ing arrays of search coil. 

This work was supported in part by the School of Electrical Engineering 
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Dina M.M. Ahmad is PhD Student in UniMAP (e-mail: 
di.na@unimap.edu.my). 

F Fi.jay is with the School of Electrical System Engineering, UniMAP, 
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II. EXPERIMENT APPARATUS AND MEASURING TECHNIQUE 

THE main apparatus consist of a model cores three -phase 
I OOkVA transfonner assembled with three limbs core 
with the mix 60° - 23° in different layers of T-joint assembled 

from CRGO (MS grades) 3% Si-Fe material. The core has SSO 
nun x 580 11Ul1 with the limbs and yokes 100 mm wide as 
shown in Figure I . 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 MS grain-
01i ented silicon iron (CRGO). Associated instnunents are used 
to measurement fundamental and third hannonic content of 
the localized flux density distribution. 

The localized fltLX density distribution in individual 
laminations is measured using search coils. The samples are 
d1illed with an aid of d1illing machine . It is constrncted from 
0.15 mm diameter wire treaded tlu·ough 0 .8 nm1 diameter 
holes 10 nun a part as shown in Figure 3. Each measuring 
position suitable coils are wound to measure the ea sy 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 [PM6000] 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 
fom1 [3] : 

(1) 

And 

Where 
f = frequency supply 
N = Number of transfonner 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 
e,. = maximum value of the component of induced emf in the 

hard direction 
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Fig. I : Dimension (mm) of I OOkVA transfom1er model 
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Fig . 2: Comer-joint transfom1er core !;'Pe with staggered yoke and limb 5mm 

3f'h•se 

~0.80 

r~ 
Fig. 3 : Dimensions (mm] of the holes drilled in the specimen 
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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 turn is 254 
tums, area of lamination is 0.000003m2 with number of layer 
is 15 layers nnd frequency supply is 50 Hz . When the supply 
adjusted to transfonner at 1. ST so at the search coil will find 
the induced emf by oscilloscope measuremen ts at easy 
direction is 3.55V and hard direction is 3.55V. By using the 
equation (!) will find the fltLX density at this point is 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 coffesponding 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 a1rny of single 
tum 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 1 Onun search coils are used to measure localized 
longitudinal and transverse flux component. The locations are 
chosen to cover the areas where the flux is more likely to vary 
direction so as to find distribution of the flux behavior as 
shown in Figure 5. 

+ ++ + 
+ + 

Llxrn 

Fig. S: 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 tlu·ee windings 
for each tlu·ee 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 va1ied. 
An extra softwood base 200nun 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 eve1y hole needs to be inserted with search 
coil. Search coil is the enamel copper coated O. l mm 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 nvisted together. All the 
holes at testing point need to be repeated the same method of 
inserting and t\~risting 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 spmious 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 magninide and direciion of flux at this 
instant is shown in Fi.gm~ 6 on a larger scale. At this instant 
the total flux in the centre limb reaches its maximum and outer 
limb caffy half thei.t· maximum fltLX. A small amount of flux 
deviation from the rolling direction occms at the overlap. 

The rotational flux p;oduced 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 
rotational fltLX illust rates the locus of the variation of the 
variation of the localized flux distribution throughout the 
magnetizing cycle. The rotational flux of the ftmdamental 
component (50Hz) of flux density on the mix 60° - 23° in 
different layers ofT-joint at a core flux density of l.ST is shown 
in Figme 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. 

10 
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X-axis x100mm 

Fig. 6: Distribution ofloc.alized flux density on the mix 60°-23° iu different 
layers of T-joiut of three phase core at different iustant in tiuie when 

oot=60° 

Figme 8 shows the rotational flux of the third hannonic 
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. ST. 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 1i ght 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 
ship in the yoke. 
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Fig. 7: Locus of the fundamental component of localised flux density on the 
mix 60° - 23° iu different layers ofT-joiut core at l.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 
th; middle of centre limb region in the core. 

12r-------------:::---=----------:---:---, 

10 

y 

6 13 10 14 16 

X·axis x1 OOmm 

Fig. 8: Locus of the third harmonic component of localised flux density on the 
mix 60° - 23° iu different layers ofT-joiut core at I.ST, SOHz. 

fioure 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 ihe voltage in the easy 
and hard direction at the lamination. 
The flux density in the yoke then drops rapidly as the flux 
distributes itself equally betvteen 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 occms 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 w hen the tran sform er core energized 
1.5 T 50Hz. 

At B = 1.5T c_5_!1_1:!.z 

• • • • • • 1.4 1.4 1.4 1.4 1.4 1.4 

A D 

• 1.5 
. 

1.54 

1°.6 I • 1.6 
L------

F 1.60 [Tesla] 

Fig. 9: Local variations in the Tesla of the fundamental peak flux density of 
the lamination on the mix 60° - 23° in d ifferen t layers ofT
joint core at I.ST, 50Hz. 

T he local vaiiation in magnin1de of the third harmonic 
componen t of peak in-plane flux density in the mix 60° - 23° T
joint at a core flux density of I.ST is sh own in F igure 10. Most 
of the high third harmonic flux occurs in the T -joint region. 
T he high th ird ham1onic o f peak in-plane flux occurs a t the 
itmer edge of right yoke passes ove r to the Butt-joint of centre 
limb is 14%. Ilannonic occurs mostly in the T -joint where 
local regions are sah1rated and the flux deviates from the 
rolling direction. H owev er, it has been confirmed 
expe1irnentally that hannonics circulated in individual 
laminations in the limbs and yokes . 
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Fig. 10 Local variations in the % of the third harmonic peak flux density to the 
fundamental component of the lamination on the mix 60° - 23° in 
different layers ofT-joint core at I.ST, SOHz. 

IV. CONCLUSSION 

The flux d is tribution in cores assem bled w ith MS material 
was found va1ies 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 -jo in1. 
T he localised flux density a t the oute r edges of the mix 60° -

23° T -jo int is 1.4T and rises to be 1.7T a t the inner edges of the 
mix 60° - 23° T -joint w hen the transformer core energized I. 5 T 
SOH z . A large rotational flux is present in the yoke area w hich 
near with centre limb. Rotational flux in this region is more 
circular. 

T he high third harmonic of peak flux occms at the inner 
edge of tight yoke passes over to the Butt-joint of centre limb 
is 14%.H annonic occurs mostly in the T -joint w here local 
regions are saturated and the flux deviates from the rolling 
direc tion. 

A small amount of flux deviation from the rolling direc tion 

occurs at the overlap, but no rotational flux is present in the 
join t . 
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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 distr ibution 3-phase IOOkVA t ransformer core 
assembled with the mix 60° - 23° in different layers of T-j olnt. The 
investigation involves the var iation 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. 
T he average value of nor mal flux distribution is high at flux 
transfer region of the lamination. The llux transfer mechanism 
shows that two separate path flowing horizontally In the yoke 
before leaving the lamination to vertically adjacent layer and 
combine with the llux In that layer. Then, It will transfer back to 
origin region and extend through the centre limb. 

Index Terms- Grain oriented silicon iron, transfor mer core, 
normal flux distributfon, fundamental flux. 

I. INT RODUCTION 

Power transforme rs are usua lly e mployed in electric power 
stations, high voltage transmission lines and large utilities. On 
the other hand, d istribution transformers can be found in s mall 
and midsize industries, hote ls, hospitals, schools, 
e ntertainme nt centers, residential areas and e tc [ I ]. 

T ransformers are ubiquitous in al l part of the power syste m, 
between all voltage levels, a nd exist in many different sizes, 
types a nd connectio ns [2] . Grain-o riented 3% silicon-iron is 
used for transforme r cores where high efficie ncy and low 
weight are often paramo unt [3]. The efficient operations of 
power transformer cores depend o n a large extend on the 
design of the j oints between their limbs and yokes. The most 
complex jo int 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 transforme r core has 
a s inusoidal wavefornn, but in the corne rs of the core the flux is 
far from sinusoidal. The additional loss caused by the flux 
disto rtion can lead to localized heating within the j oints [4]. 

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

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

Dina M.M. Ahmad is PhD Student in UniMAP (e-mail: 
d ina@unimap.edu.my). 

The objective of this research is to measure normal flux 
distributio n o n the laminatio n o f transforme r core that built 
from the e lectrical steel (M S grade material) 3% sil icon-i ron 
assembled with the mix 60° - 23° in different layers of T-joint by 
using arrays of search coils. 

II. E XPERIMENT A PPARATUS AND MEASURING T ECHNIQUE 

THREE phase l OOkVA distribution transformers are 
assembled with the mix 60° - 23° in different layers of T-joint, 
mitred overlap corner jo ints length o f ]()nun as indicated 

in figure 1. Each core is SSO mm x S80 mm w ith the limbs and 
yokes 100 nun wide as indicated in figure 2. The main 
apparatus consisted o f three phase cores, two yoke cores and 
three limbed cores and the cores are assembled from 0 .3 mm 
thick laminations of MS grain oriented silicon iron (CRGO) 
[7]. Each core comprises of I S layers . T he system for 
measuring no rmal flux density is shown in Fig ure 3. 

Smm \/? 
71~·--~~~~~~~~~~~~~1 

Fig. I: Comer-jo int transformer core type with staggered yoke Smm 

In order to study the norma l flux density variation, normal 
search coil arrays are used to measure norma l flux de nsity 
variation along and across the la mination. T he squares of 
! Orrun x !Onun normal search coils are placed o n a layer of 
la mination at the T-jo int of the transformer core. The locations 
chosen must cover the areas where the flux is more like ly to 
vary direc tion so as to fi nd the mecha nism distributio n of the 
flux behavior. The location of the investigation for the 
transfor mer core is shown in figure 4. 
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Yo e 23• ..._ _ __.c 

Limb Linb LiJnb 

Fig. 2: Dimension (mm) of the mix 60° - 23° in different layers of T
joint of 3-phase lOOkVA transfomier core model 

LAMINATION 

StMchCoil 
Si111i.1l P:\1 6000 

Fig. 3: Associated system for measuring normal flux density. 
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LIMB 

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

IIl. RESULT AND DISCUSSION 

Fundame ntal normal flux density at T -jo int flowing in a 
direction normal to the plane o f the lamination in the mix 60° -

23° in different layers of T -joint at flux density of I .ST, SOHz is 
shown in figure S. 
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Fig. 5: Distribution of the normal d irection of fundamental flux density at the 
mix 60° - 23° in different layers ofT-joint during 1.5 at 50Hz. 

T he magnjtude of the normal flux density is hlgh at and 
close to an intersection between l\vo adjacent laminatio ns. The 
h.ighest no rmal flux occurs at the corner edges of centre limb 
that is 0. 17T at flux de nsity I .ST, SOHz. T he average 
magrutude 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-jo int and gradually decrease as it travels further away from 
the j oint The magnitude of fundamental normal flux density 
traveling between joints reaches minimum at the mid point of 
centre limb. This alteration in the fundame ntal normal flux 
density is d ue to increase and decrease of flux density that has 

been energized. 
T he instantaneous magrutude a nd direction o f 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 fl ux. 

Since the yokes carry only half the maximum value o f the 
tota l flux, the majority of the flux from the outer of right and 
left yoke is carried through the inner hal f of butt-j o int of centre 
limb and the largest flux concentration is found in the uppe r 
edges of centre limb. 

Flux path and flux transfer mechanism between 
laminatio ns at the T-joint has been illustrated as figure 7 for 
the mix 60° - 23° in different layers of T -join t arrangement. The 
diagram shows that the flux transfer mechanis m bel\veen yoke 

and limb in the T-joint may occur simul taneously 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 laminatio n to vertically adjacent layer of E and F 
respectively and combines with the flux in th at layer. 
Consequently, the core mate ria l in this region approaches 
saturatio n. At the same time, thls existing flux will transfer 
back to the C region and extend to the whole le ngth of the 
mjddle limb. It has been no ticed that the magnitude of no rmal 

flux de ns ity high at the butt-joint a nd decrease as the distance 
away from the joint. 
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Fig. 6: Distribution of the fundame ntal component of localised normal flux 
density in the mix 60° - 23° in different layers ofT-joint of three phase core 

built at different instant in time when ~lt=60°. 

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

[V. C ONCLUSION 

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

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

The magnitude of nonnal flux density is h igh at the butt-jo int 
and decrease as the distance away from the j oint. 
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