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Abstract- Thiz paper descibes the result of an
investigation on the effect of air gap of core
lamination in two 3-phase distribution transformers
1000V A, The inwvestigation involves the vanation of
power loss, bulding fictor, the third harmonic
distortion and flux leakages. The power logs and flux
distribution have been measured using no load test in
two types of model of setting of core built from the
satne size and type o f M5 (CGOY grades matenal of
laminations. And the loss of the transformer core
without air gap of layer joint of core lamination is
275% better than the loss of the transfonmer core
with air gap of layer joint of core lamination at 1.7T,
50 Hz. The fluxleakage at the comer joint in the core
without air gap of layer joint of lamination is lower
than that in the transformer core wath air gap of layer
joint of lamination, ower the whole fux density
range. The thitd harmonic distortion of flux is
staller in the transformer core without air gap of
layerjoint of larnination and larger in the transformer
cote with air gap of layer joint of core lamnination.
Uszing the type without air gap of layer joint of
latnination in transformer core is more efficient than
the other types of transformer core lamination.

Foop words: Travsformer core, fiuy Jdstribudion, power Joss

1. Introduction

Transformer tepresents  the largest capital
investment in the distribution section of a power
systern and provides the best opportunity to make the
systern mmore  efficient whenewver possible. The
efficiency of transformer can be as high as 99% but
because transformer is etmployed to a large extent
throughout an  electrical system  distribution, the
accurmdative losses are significant. Reducing the
waste of electrical energy is still the highest priority
especially since losses in transforming electrical
powet can atnount 4. 5% of all energy generated and
about one third of this is dissipated in distribution
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transformner. Efficiency and cost reduction have
become so imnportant for the production of power
transformer core Y The iron loss of a transformer
core iz usually greater than the nornal Epstein loss
of the core material and the increased loss can be
cxpressed in terms of the core Building Factor gB.P)
that is the ratio of core loss to norminal 1oss, B34

Zilicon steel continues to be the most usefil
magnetic core mmaterial of tmnsformers, rotating
rmachines and possessing the properties needed for
mch equipment. Grain oriented grades of =licon
steel are usually used in distibution and power
transformmer. The user’s requirements for transformer
coreare mainly: a lower core loss for the reduction of
transforner loss, a lower magnetostiction for the
production of a low noise transfonmer, and the
possibility of operation at a higher induction for
conpact design and low cost. B!

The objective of this investigation iz to lmow
the power loss of the transformer core of identical
geotnetry huilt and grades of electrical steel (M5
wath 3%% silicon iron assembled with and withowt air
gap of tran sformer core larminations.

2. Experimental apparatus and
measuring techniques

Two 3-phases with 3 limb stacked cores are
assembled with T-joint 90° mitred ovelap comer
joints is showm in Figwe 1. The outer core
dimenzions are 970 mm x 730 mm with the lirgh of
150 mum wide The two cores are assembled veaing 0.3
rrn thick of laminations of M5 grain-oriented silicon
iron (CGOY with a nominal loss of 112 Wikgat 1.5
T. &nd each layer has overlap length of 10 mm fom
adjacent layer when setting the transfommer core
larnination as showm in Figure 2. Each core
comprises of 20 layers in the armngement. The type
with air gap of core lamination shows that the 1™ to
A% Jawers and 17% to end of layers of core lamination
hawe not air gap but for 5P to 16% layers of core


https://ieeexplore.ieee.org/document/4603874

lamination hawe 1 mm air gap between joint of layer
of core larnination as shown inFigure 3.

Fach core could be energized | Tto 1.8 T with
lesz than 1.5% third harmonic distortion and the
power losz 15 measured with repeatability better than
+ 1% using a three phase power analyzer as shown in
Figure 4. Flux leakages at corner joint and T-Joint
are measured with rragnetic field meter,
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Figure 2: Layout of transformer core laminaton at
cormer joint

] 4= 1" loer:

TL ram ] #— 4 lapers
ﬁ'“{ I - 5'lovers

1 II- | — 16" layers
L | ] = 17" layer:

[ | ] —End of layers
Figure 3: Shows setting of transformer coxre fiom side.

Analymer
Figure 4: MNo-lbad Test of Transformer

3. Experimental Result and Discussion

The total no-load core loss is a function of
many factors which tend to mmake the localized
internal loss distribution non-uniform. Rotational
fluz at joints, interlaminate (normal) fSus, time
varying hammonic components as well as flux non-
umformity due to the complex magnetic path in
many stacked cores all cause additional losses. ©
Figure 5 shows the wanation of overall power losz
with flux density in the three phase cores. The power
loss of the transforner core assembled without air
gap of layer joint of core lamination 15 2.75% better
than the loss of the transfommer core aszembled with
air gap of layer joint of core lamination at 1.7 T, 50
Hz.

The B.F of each core reaches a peak at around
1.5 T as shown in Figure 6. The distortion oflosses is
lowwet in the core asserrhled without air gap of layer
joint of core lamination, and at 1.5 T the BF iz
2.25% lower than the B.F of core asserrbled with air
gap of layer joint of core lamination. The B F of the
core assernbled without air gap of layer joint of core
latnination is lower over the whole flux density
range. There are several differences in the power lozz
vanation in the two cores. The layer joint with atr
gap of tranzformer core lamination has the larger
rotational fux inthe Corner joint.

The flux comes from magnetic materal in the
transformer core can be divided into main flux and
flux leakage The main flux returns after passing
through the core yoke and the core limb. This main
flux iz produced to convert electical energy into a
cettain electrical energy. The fluxz leakage does not
pass through the transformner core and # has no
usefulness to the electrical energy conversion of the
transfortmer core. Figure 7 chows that the flux
leakages measured at corner joint of the core
azgetrihled wathout air gap of layer joint of core
lamination iz lower than that at corner joint of the
core assetnbled with air gap of layer joint, over the
whole flux density range.



Figure 3 shows that the flux leakages measured
at Tqoint of the core assembled without air gap of
layer joint of core lamination is lower than that at T-
joint ofthe core assembled with air gap of layer joint,
owver the whole fluz density mnge.
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Figure 5: Graph Power Loss from measuremeni.
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Figure 6: Building factor for type with and without air
gap of layer joint of transformer core lamination
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Figure 7: Flux leakage at Comer Joint
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Figure 9: Third harmo nic distortion of flux

Fluz distortion increases the iron logses of the
core so it is imporant to minimise the harmonic
content [7 The relative mapnitides and phase angles
of the hammonic components in the flus-densty
waefortn affect the core 1oss.® Figure 9 shows that
the third hamnonic fux is larger in the core
assernbled with air gap of layer joint and smaller in
the core assembled withowt atr gap of comer-joint,
ower the whole flux density range.

4. Conclasion

From the result of this inwvestigation it is
obwious that if the core is assembled without air gap
of layer joint of larination we can find smaller
power losz, smaller Building Factor, smaller fusx
leaksage and smaller total harmonic of flux. In other
words, the core assemmbled without air gap of layer
joitit 1z more efficient than the core azserrbled with
atr gap of layer joint of transformer core lamination.
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