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ABSTRACT:

This paper presents the electromagnetic model for the 3- phase distribution transformer 250 KVA
11/.416KV core type. This model based upon using "ANSYS PROGRAM" to obtain the flux density
distribution and losses, in this work, it has been change core material from silicon steel (Si.St.) to
amorphous steel (Am. St.). Where, the iron losses reduction with 90%. The result for computer
program are compared with practical measurements.
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Nomenclature:

By:  Maximum magnetic flux density
Ei:  R.M.S value for Primary Electro motive force
E,: R.M.S value for Secondary Electro motive force
E,:  Electro motive force per turn
e;.  Electro motive force
eim: Mean primary Electro motive force
f: frequency
I,:  Primary current
I,:  Secondary current
Ny:  Primary turn number
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N,: Secondary turn number
Pcy: Power losses of primary winding

?: Magnetic flux
Pc,: Power losses of secondary winding

Pcy: Total power losses of windings
Specific power losses

Piy: Total power losses of core

P,:  Total power losses of transformer
R,: Primary winding resistance
R,: Secondary winding resistance
S: Transformer capacity

V,: Primary phase voltage

V,: Secondary phase voltage

We;: Weight of leg

. Weight of yoke

n: Efficiency

1. INTRODUCTION:

A transformer is a highly efficient static machine operating on the principle of mutual induction.
In alternating current power circuit the transformer converts it's from one voltage level to another
through inductively coupled conductors and is available in a variety of power ratings. Distribution
transformer represents important part a power system. One of the major and important parameters
dominant a distribution transformer's age is hot spot temperature. However, the heat dissipation is
problem in distribution transformers. The losses in the distribution transformer convert to heat but by
accumulated this heat without being dissipated the life of the transformer (Haritha2011). Because of
this it must be reduce the losses in distribution transformer to increase the efficiency of it's and then the
life of the distribution transformer become longest.

The distribution transformer is complicity so the finite element method has been used to study the
electromagnetic; Finite element modeling (FEM) of electromagnetic fields, which is very advanced
technique available as commercial software to provide a reliable tool for the design and performance
prediction of electromechanical devices. In this work, the general-purpose finite element package
"ANSYS15" is used.

ANSYS software is a powerful universal software based on the finite element algorithmic; the
design and analysis the distribution transformer required its. The transformer is modelling before
manufacturing and within the process of design (Thamir et al 2014).

(Dorinel et al 2013); study validate a designed three phase power transformer with modern software
that use finite element method (ANSYS Maxwell 3D and ANSYS Mechanical). It found the
magnitude of B field, the regions with problems and the value of the total core losses for the same
transformer but at 3 types of voltages: 330 kV, 400 kV and 430 kV.

(Diako et al); used the finite element method to solve Maxwell and thermal (energy) equations to
obtain the distribution temperature in the 3-phase (10 MVA, 63/20kV) transformer to find the flux
density and hot spot temperature.

(Kassim 2015); they used the finite element method (ANSYS, APDL) to analyze the 3 phase
distribution transformer wound type to find the magnetic flux density distribution and force.

(Man 2012); he used amorphous steel to reduce the losses for transformer. Where, it found the
amourphous material reduced the iron loses by 90%.
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(Neha et al 2015); they used new material to reduce the losses and improve the life time for
transformer. Where, they found the amourphous material reduced the iron loses by 68% for 100 KVA.
(Ravi et al 2013); this paper covers design of transformer using a new technology superior magnetic
material with thin sheets of lazer grade or amorphous core. This design of transformer was carried out
to find the better quality core to reduce the losses and improve the efficiency.

(Riath 2009); presents an algorithm to design a complete three-phase distribution transformer. Where,
this program gives several alternative designs for each required transformer and applied to standard
distribution transformers used in the Iragi power system.

(Thamir et al 2014); they used the finite element method (ANSYS, APDL) to analyze the 3 phase
distribution transformer (250 KVA, 11/0.416 KV, core type) to find the magnetic flux density
distribution.

2. MATHEMETICAL MODEL OF DISTRIBUTION TRANSFORMER:

For initiating the design of the magnetic circuit (main dimensions of core)
When applied the alternating voltage across the primary windings in transformer, flux (@) and
magnetizing current (In) is produced in the core. The flux is distributed uniformly over the core of
transformer section and all primary and secondary turns of windings. The generated main flux is in
alternative form, hence in the primary turns of windings, the electro motive force (e.m.f) induced due to
the main flux changes as a follow (Mittle 2009),

do
€1 = _N1E (1)

Assuming sinusoidal time variation of the flux, let @ = @, cos wt, where is @, the time-maximum value
of the mutual flux in Weber, w=2xf, and f is the frequency of flux pulsation. Then

ey = =Ny (5)( B cOS WE) = T1 W By sin wt (2)

The instantaneous value, the maximum is e1, @ = Tiw®,, and the R.M.S. value:

Ei= oW NuBy = (V2) 7f NuBy = 4,44 NuOy )

In each turn, the e.m.f. is:
Ei=444 10, (4)

Whether the turn is part of the primary, secondary, or other winding, provided only that it links the flux
@, (Ravi et al 2013).
Similarly, induced e.m.f. in secondary winding,

Ez =444f Nz(Z)m (5)

Obviously the primary and secondary e.m.f. the same ratio

B, _ B

=22 (6)

Ny N
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The iron losses produced from the eddy current and the hysteresis losses.it is can be calculated by
weight of core

P iT = P(sp) * (Welegs + Weyokes) (7)

Where, p(s,) , is a specific iron loss for the core W/Kg taken from the curve of specific iron losses
versus flux density.
The copper losses produced from the load can be calculated by:

Pcr =3%(1% xRy )+3=(1Z *R;) (8)
P,=Pi,+Pcy (9)

The efficiency of transformer is:

N
S+P T

n= (10)

3. TRANSFORMER MODEL USING FINITE ELEMENT METHOD:

The details of building FEM of the distribution transformer under study are presented to analyze of
the distribution magnetic flux in the transformer. It has been used ANSYS Package Version 11 to
model the distribution transformer. Table (1) shows the data of distribution transformer.

3.1 Transformer Geometry (Building and meshing):

The transformer study is 250 kKVA, three phase distribution core type "stacked core" transformer.
To build this solid model, it has been measured the dimensions of this transformer accurately. These
dimensions of transformer were taken from the design documents from the manufacturing company
(AIWAZIRIYA Company of Electrical Industries). Building of this solid model started by the key
points, following step connect these key points by lines, and then create areas from these lines. ANSY'S
package includes several elements that can be used to model electromagnetic phenomena. In this work
for low frequency electromagnetic analysis, 2-D Solid Element PLANES3 for iron core, coils and oil.
The objective in building a solid model is to mesh that model with nodes and elements. Where, it must
be specify the size and type of mesh before generating the mesh. It has been found (45560) nodes and
(23634) elements as the best formatted mesh.

3.2 Applving Loads and Solution:

The coils of each phase (primary and secondary) is coupled degree of freedom, all nodes of secondary
is coupled together in CURR and EMF but the nodes of primary is coupled together in CURR degree
of freedom. Then the voltage is excited directly to primary coil for each phase, but the secondary coil is
coupled with external load circuit. Flux parallel is applied as boundary condition to the outer line of
core. The analysis of the electromagnetic model by ANSYS package must be specified. The analysis
types of solution are static, harmonic and transient. In this work, harmonic analysis is used (ANSYS.
15 theory guid, 2015). The formulations of finite element analyzing for this model are based on
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Maxwell’s equations (magnetic vector potential formulations). This solution requires sub-step
calculation which is used for the numerical solution in finite element model. The solution gives the
unknown quantities which are represented as a degree of freedom.

3.2.1 Harmonic Analysis:

Two conditions are used for solving the model. The first condition at no-load to check if the model
is true or not. Second condition at load, the model is resolved by applying a load on the secondary
windings as explained below.

a- No-Load Condition:

In this condition, the secondary winding is opened and applied voltage by direct excitation on the
primary coils. The objective of this condition is to obtain the magnetizing current and to be sure the
model is ready to the analysis. See figure (1)

b- Full Load Condition:

In this case, the resistance is connected to the secondary coils. Where the load circuit is build and
adjusted the load resistance to reach the primary coils rated current. Then, it has been calculate the
losses and compared with practical measurement. See figure (2). Figure (3) shows the block chart for
ANSYSS steps.

4. RESULT AND DISCUSSION:

ANSY'S program was used to show the performance and to calculate the losses for the transformer.

In the following results and figures for two cases (conventional and amorphous core) the electrical

behavior are discussed:

Please note that the belonging arrangement of the figures is for conventional core and amorphous core

respectively

e Figures (4) and (5) show the flux line distribution of magnetic density of the model at no load condition for
two cases.

o Figures (6) and (7) show the flux line distribution of magnetic density of the model at full load condition.

These figures show that the flux line distributions are same when the transformer operates at two

conditions (no-load and full load). This result was confirmed that the model gets good result.

e Figures (8) and (9) show the nodal plot of the flux density distribution for transformer. In general, the flux
in the amorphous core less than in the conventional core because the saturation flux density for the
amorphous less than the conventional core.

e Figures (10) and (11) show the vector plot for flux density distribution for transformer.

e Figures (12) and (13) show the nodal plot of magnetic flux density in High and low voltage coils. These
figures show, the flux in Y-direction (height of coil) decreased gradually from the middle point of the coil
height toward its endings. But, in X-direction the flux linearly increasing from outer side to inner side of low
voltage coil and decreased linearly from inner side to outer side of high voltage coil. The reason of this
distribution is that the flux increase with current and number of turns. The maximum value for flux density
in real component was noticed in the phase (b) because the phase angle of it (0°) but it has minimum value in
the imaginary component.

o Figures (14) and (15) show the direction of leakage flux by vector plot. The flux in the primary winding has
opposite direction of the secondary winding, because the current was flowing in the opposite directions
inside the primary and secondary windings. The maximum value of flux density is at the phase (b) for real
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component because the phase (b) has an angle equal to (0%). And the imaginary component has the minimum
value.

e Figures (16) and (17) show the heat joule in primary and secondary windings. In FEM heat joule value has
been obtained by integrated the values of losses at all nodes, which forming each part of the transformer and
then converted to heat. The amorphous core has lower heat joule than for the conventional core.

5. THE LOSSES RESULT:

The no load and load (iron and copper) losses have been calculated, using the ANSYS and MATLAB
packages and then compared with experimental results to determine error percentage. Therefore, the
efficient performance of the proposed model is checked. The type of core material plays a fundamental
role in determining the amount of the losses generated. The core material has been replaced with
amorphous; this caused to reduce the core losses about 90% from the losses for conventional core this
percentage is match with ref. (Man 2016). The initial cost of the conventional core is approximate
200000 but the amorphous core is 230000 (Ravi et al 2013). This reduction depends on the amount of
flux density saturation. In this material (amorphous), the saturation flux density is less than
conventional core (silicon steel). Therefore, the specified core losses are reduced and subsequently the
amount of heat generation, and caused decreasing the temperature rise inside the transformer and then
enhance the efficiency of transformer. Table (2) shows the transformer losses.

6. CONCLUSION:

The distribution transformer (250 KVA, 11/.416V, core type, oil immersed), the results indicated that
total losses for no load and load conditions be 0.59 and 2.99 Kw respectively by ANSYS but the when
change the core material to Am.St. (Amorphous steel) the no load and load losses reduced by 90% and
5% respectively.
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Table (1) data of 250 KV, Distribution Transformer, and Oil immersed

Transformer Data Symbol Value Unit
Transformer rated power S 250 KVA
Frequency f 50 Hz
Primary winding voltage HV | Vi 11000 volts
Secondary winding voltage LV V> 416 volts
Number of phases 3, (delta/star)

Table (2): Transformer losses

No Load Losses (KW) ' Load Losses (KW)

Conventional core Theoretical 0.53 2.7
ANSYS 0.59 2.99

Experimental 0.577 2.88

Amorphous core Theoretical 0.05 2.6
ANSYS .07 2.8

Conventional core with 135°  Theoretical .528 2.7
ANSYS .588 2.99

EFACET=1
MAT NUM

3-P

Figure (1): Distribution transformer with open circuit (no-load)
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Figure (2): distribution transformer with external circuit load
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Figure (3): Block Diagram for ANSYS
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3-Phase Distribution Transformer 3-Phase Distribution Transformer

(a) Flux line distribution real component  (b) Flux line distribution imaginary component
Figure (4): 2D flux line distribution at no load of conventional core

SOLUTION

(a) Flux line distribution real component  (b) Flux line distribution imaginary component
Figure (5): 2D flux line distribution at no load of amorphous core

11.0SP1

3-Phase Distribution Transformer

3-Phase Distribution Transformer

(a) Flux line distribution real component  (b) Flux line distribution imaginary component
Figure (6): 2D flux line distribution at full load of conventional core
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(a) Flux line distribution real component (b) Flux line distribution imaginary component
Figure (7): Flux line distribution for amorphous core

1 ANSYS 11.05P1

ANSYS 11.05P1

= R A R I

3-Phase Distribution Transformer

(a) Magnetic flux density real component (b) Magnetic flux density imaginary component
Figure (8): Nodal plot of magnetic flux density of conventional core

(@) Magnetic flux density real component (b) Magnetic flux density imaginary component
Figure (9): Nodal plot of magnetic flux density of amorphous core

488



AlFQadisiyali Journal For Engineering Seiznees,

3-Phase Distribution Iransformer

(@) Magnetic flux density real component  (b) Magnetic flux density imaginary component
Figure (10): Vector plot of magnetic flux density of conventional core

3-Phase Distribution Iransformer

(@) Magnetic flux density real component (b) Magnetic flux density imaginary component
Figure (11): Vector plot of magnetic flux density of amorphous core

E_Z(

v R o R |

3-Phase Distribution Transformer 3-Phase Distribution

(@) Magnetic flux density real component (b) Magnetic flux density imaginary component
Figure (12): Nodal plot of magnetic flux distribution of conventional core
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(a) Magnetic flux density real component (b) Magnetic flux density imaginary component
Figure (13): Nodal plot of magnetic flux distribution of amorphous core

ANSYS 1 P1

3-Phase D; ution Transformer

(a) Magnetic flux density real component

(b) Magnetic flux density imaginary component
Figure (14): Vector plot of magnetic flux density of conventional core

(@) Magnetic flux density real component  (b) Magnetic flux density imaginary components
Figure (15): Vector plot of magnetic flux density of amorphous core
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3-Phase Distribution Transformer

Figure (16): Heat generation of conventional core  Figure: (17): Heat generation of amorphous core
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