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Comparison on Losses and Flux Distribution between Two of 3 Phase
Distribution Transformer core 3000 kVA Assembled with Different
Angle of T-Joint

L. Daut, Dina. M. M. Ahmad, 8. Zakaria and 5. Taib
School of Electrical System Engineering
Universiti Malaysia Perlis
F.O Box 77, d/a Pejabat Pos Besar
01007 Kangar, Perlis, Malaysia
Email: smail.davtia kukum.edumy, dina@ kokum.edu.my

Abstract

This  paper  describes  the  maults of an
investigation on the effect of the use of different
angle of T-Joint m two maodels of 3 phase distnbution
transformer with capacity of 3000 KVA. The first
madel uses 3 phase distribution transformer  core
wasembled with T-omt cutting which has the angle of
60% and 45% The second model wses 3 phases
distribution trans former core which 15 also assembled
with T-joint culting but has the angle of 45°. This
investigation mvolves the vanaton of power loss,
building factor, third harmonic and flux leakage hy
using no-load test. In performing this investigation
power loss and  flux  distribution  gre measured
applying power analyzer m the two bpes of
transformer which have the same siee and use M3
grade (OGO material, The result of this investigation
shows that the loss of the transformer core in the first
model iz 8 %5 better than the less of the transformer
core in the second maodel at 1,71, 50 Hz. The factor
that dh ferentiates the performance of wansformer
core 15 clearly described by the flux penetrtion mio
the central limb of the transformer core, It 15 also
obvigus that the flux leakages measured at the T-joint
and the third harmonic flux in the transformer core of
the second model s larger than the flux leakage
mensuned at the T-joint and the third harmonic fux in
the transformer core of the first model, From this
mvestigation we can conclude that the first model of
the transformer core is more efficient than the second
maodel of transformer core,

L INTRODUCTION

The design and assembly of 3-phase with 3 limb
lamimated cores play a major part in detemuning the
efficiency of transformers. In this paper the past most
of the detailed experimental work on overall power
loss m transformers was carmed oul on model cutting
T-jont core and all having the same dimension. The
irom loss of o trmmsformer core 15 usually greater than

the nominal Epstein loss of the core material and the
incregsed loss can be expressed in tems of the core
Bulding Factor (B.F), the rato of core lms o
nomingl loss[1,2]. The objective of this mvestigation
15 o make direct companson  between  the
performances of the cores of transformer different
cutting angle of T-jomt built from identical gmdes of
electrical steel (M3) as shown in Figure 1,

.

{a} {b)
Fig 1 Transformer core type {a) T-joint 60°, and (h)
T-joint 45%,

L EXPERIMENTAL APPARATUS AND
MEASURING TECHNIQUES

Every tramsformer has 12 packets as shown m
Figure 2: each packet of the transformer cone has
different sizes as shown in Table 1, The first model of
the tmnaformer core pssembled with 4 mner packets
of core yoke s cut with 60° T joint and other packet
i cut with 45° T-Jont. For the first model of the
transformer core does not only G0degree T-joint
becanse difficulties i handling the voke sheet of the
607 Tejoint dunng the core assembled. In the second
maodel of the tronsformer core assembled all of the
packets of core yoke are cul with 45° T-joinl,

Twao of the trnsformer core are assembled by
psing 0.3 mm thick of laminations of M3 gramn-
oriented silicon imon (OG0} comsiating of 3% silicon
97% iron. Each core comprises of 96 layvers which
every packet has four lavers but the first packet which



has eight layers as shown in Figwe 2. Each core
could be energized 0 17 T wath less than 1.5% third
harmenic distortion and the power loss, the 3"
harmonic of component distonion are measured with
repeatability better = 1% using o three phase power
analvzer. Flux leakages at T-joint are measured with
magnetic field The dstribution fuxes i the
ransBrmer core for four packet of two tmnsformer
core by wing the Finite Clement Method two
dimenzons.

Table 1 Swze of two tmns Brmer core.

Pz Imension Wide of b T-Joimt Angle (" §
ket () andl yoke T w
() Transfor | Tramslo

T it

1 3120 %3250 520 il 45
| 3100 x 30 510 il 45
3 300 w3230 Kl o 43
4 08B0 x32 W0 [T [7] 45
5 06l x 319 ol 45 45
& M0 x31A i a“ 4%
7 I x3% L0 o5 45
B 2290 x31 X i i 45
9 2060 K 3050 Lt L] 45
10 2950 x 3060 530 45 45
11 2R90 x 300 290 45 45
12 ZR30 x 25940 0 LL] 45

3. EXPERIMENTAL RESULT AND
DISCUSSION
Figure 3 shows the vanation of overall power
loss wiih fhx demsity i the thiee phase cores. The
power loss of the fird model of ransformer come was

£ % hetter than the power loss of the second model of

the transformer core al 1,77, 50 He

The B.F of ench core renches a peak ot sround
16 T as shown in Figure 4, The distortion of losses is
lower i the first of the trms former core at 15T the
B.F is & % lower than the BF of the second of the
rransformer come. The B.F of the first of the
iransformer core 15 lower over the whole flux density
range. There are several differences m the power loss
vanashon m the two of transformer core. The second
model of the tramfomer core has larger rotational
flux in the T-joint The localised rotational flux s
more ellipical {wath the major axis along the rolling
drection ) n the other core |4, 5]

T
~
4

L R ———— -

Figg. 2; Dimension of two maodel of 3 plisse of 3000
kY A transformer core, (a) The fust model of the
tranaformer core assembled with 4 inner packets of
core yoke 5 cut with 60° T joint and other packet is
cut wath 45° T-Jomnt. (hiThe second model of the
trans fbrmer core assembled with all of packet of core
voke 15 oot with 45° Tomt. (c)iTwelve packets m
ransformer core

Figure 5 shows the average flux distribution on 4
inner packet of the transformer cones cal cul ated using
finite element method software at wl = 0, Figure 5 {a}
ahows the T-joint 607 of the trans former cone more
uniform flus entermg centre limb ol core, comphred
with figure 5 (b) shows the T-joint 45° of the
transformer come. For other packages using same
angle of T-joint and same sizes that are not have



calculation m the fimite element method because the
flux distribution that will he shown is same pattern,
And important  factor 15 shows  different flux
distribution on the core lammation assembled with
different T-jount angle for four mner packets.

Figure 6 shows that the flux leaknges mensured
at the T-=joint of the frst model of the tmansformer
core 15 lower than the flux leakages of the second
maodel of the transformer core, over the whole flux
denzity range, Mot many flux leakage of the first
model of the tmnsformer core which it 15 not
usgfiulness to the electric energy comversion of the
transformer core.
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Fig. 3 Graph of power loss from measurement

Fig, 5;  Varation of magnetic flux lines in
transformer core built M5 material use Software with
wt={ (@) 4 Inner Packet T-joint 60° of three-phase
trans former core laminations, (b} 4 Inner Packet T-
joint 45° of three-phase transfonmer core laminations.
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Fig. 4 Bulding factor for each T-jomnt

Flux distribution 15 found to have wanations
hetween the jomnts, |t will genemte harmome flux
the limhs and yoke, Figure 7 shows that the 3"
harmonic flux is larger in the second model of the
trans former core and smaller in the first model of the
transformer corg, over the whole flux density range.
Hamonic flux is one of cause of power loss in the
transformer core. Harmonic flux mereases the imon
Iosses of tmnsfrmer core 80 il 8 imporiant o
mimimise the hammonic content.
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Fig. 6: Flux leakages at T-joumt
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Fig. 7: Harmonic analysis of third component
dhatortion

4. Conclusions

Fromm the mesult of this mvestigation it 15 obvious
that 15 the first model of the trans former core we can
find smaller power loss, smaller building factor,
smaller 3" harmonic distortion and smaller flux
leakages at T-jont, And the first model of the
transformer core shows that there are more flux lines
entering the centre limb of the core compared to the
second model of the transformer core. [n other words,
the first model of the transformer 15 more efficient
than the second model of the ransformer core,
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