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The magnetic field map of the power transformer under
extreme operating conditions

Marcel Burduniuc, Ion Stratan, Tudor Ambros

In the paper is done the calculation of the magnetic field of the three-
phase power transformer with three columns in extreme conditions. The
calculation is performed with FEMM application based on finite ele-
ment theory. The distribution of the magnetic flux from the transform-
er's magnetic core was obtained. It has been demonstrated the possibil-
ity of specifying of the winding and the magnetic system parameters of
the transformer.
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1. Introduction

With the extensive implementation of numerical calculation methods in power
system devices, the difference between the results of the magnetic field calculation
and the real magnetic field are minimal. Due to the application of these methods,
the parameters of these devices are respected. This ensures the correct and optimal
selection of the protection elements, ensuring the stable operation and the quality
of the energy production in the given system.

Here is taken into consideration the basic element of the power system, the
operator of transport and distribution of electricity between consumers and the
electric transformer.

The electric field is a particular aspect of the matter [1]. In electro technical
devices, electrical appliances, electromechanical magnetic field converters have the
basic function of transforming energy from one form to another. For these reasons,
profound knowledge and mathematical interpretation is a difficult problem. Up to
now, it is acceptable to estimate and graphically interpret this particular aspect of
matter. If we abandon fundamental theoretical prerequisites related to the magnetic
field of matter and use the current methods of interpretation of the magnetic field
through lines, then the calculation technique ensures that we obtain a picture suita-
ble to this magnetic field [2], [3].
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In the specialized sources [4], [5] are given magnetic field calculation pro-
grams, such as the FEMM program, based on the finite element theory. Using this
program, in the paper is do attempts to determine the graphical interpretation of the
magnetic field in the magnetic system and the surrounding area of the power trans-
former when operating under extreme conditions.

2. Interpretation of the magnetic field in the power transformer

To achieve the correct application of this method, the three-phase transformer
with the power P,=160 kVA, U;,=10 kV, U,,=0.4 kV, was subjected to the exper-
imental tests, according to the following schemes.

Figure 1 shows the transformer magnetic field in nominal mode, calculated us-
ing the FEMM method.
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Figure 1. Magnetic field distribution to nominal transformer operation.
a) the map of the magnetic field, b) values of magnetic flux and induction in
columns.

The obtained images are close to the actual ones, so the parameters of the
transformer can be specified.

From Figure 1 a, b it is observed that the magnetic induction in the middle
column of the transformer is 1.58 times higher than the value of the induction in
the lateral columns. Thus, we observe that the magnetic core of the middle column
is very saturated.

Figure 2 show the magnetic field picture in three-phase short-circuit regime.
From this it can be seen that it is similar to the magnetic field map in the load re-
gime, but the magnetic induction values differ essentially.
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In the lateral columns the magnetic induction in short-circuit mode is
B=0.87T, that is, the columns are demagnetized. The magnitude of the magnetic
induction of the middle column is 2 times higher than the other columns, and then
this column is supersaturated. In the specialty literature it is emphasized that the
magnetic system of the short-circuit transformer is demagnetized. The picture
shows that the magnetic system is magnetized unevenly.
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Figure 2. Magnetic field distribution in three-phase transformer short-circuit.
a) the map of the magnetic field, b) values of magnetic flux and induction in
columns.

In Figure 3 is show the magnetic field to the short-circuiting of two transform-
er phases.

Integral Fault
]
== e Mol o = (UMSOEIT Wishery
TTHI IMTITTT MRITTTITIN il Fovenage B = 24T Teda
1] | i'* i il
i | i i ‘ |
' -
[
............ | { |
}
i 7
i | | Integral Remult
| ] 1
i | | Iin il Hoam s = (L D0BSIC51 bens
! 1 | I 1 A - 114 Ty
LA LI L LI L AL
]
= = | =
a) S

b)

Figure 3. Magnetic field distribution to short-circuit of 2-phase transformer.
a) the map of the magnetic field, b) values of magnetic flux and induction in
columns.
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It can be seen from Figure 3 that the magnetic induction of the middle column
decreases substantially and constitutes B = 0.31 T, indicating that the magnetic
core of this column is practically demagnetized, while in the lateral columns the
magnetic induction value is approximately 2.5 T. In this case we cannot say that
the system is demagnetized.

Figure 4 shows the magnetic field map in load mode on a single phase.
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Figure 4. Magnetic field distribution to single-phase transformer operation.
a) the map of the magnetic field, b) values of magnetic flux and induction in
columns.

When operating the transformer in single-phase load mode, the magnetic flux
is distributed unevenly (Figure 4). In this case two columns are oversaturated, and
in the third column the magnitude of the magnetic flux is insignificant.

In the case of the operation of the two-phase transformer connected to the
load, the magnetic field map is similar to the magnetic field map in the single-
phase load regime, but in this case the over-saturation in the two columns is in-
creased (Figure 5). This indicates that the magnetic core is over-saturated.

The magnetic fields of the three-column transformer in nominal and asymmet-
ric short-circuit conditions demonstrate that the magnetic field is essentially de-
formed. In short-circuit mode and in asymmetric load mode, the magnetic system is
over-saturated unevenly.

It is known that the magnetic system of the three-column transformer is mag-
netically asymmetric. Based on the above, this asymmetry, in the over-saturation
mode, further deforms the magnetic field. This influences negatively the correct
and accurate determination of the parameters of windings, magnetic losses, cur-
rents and so on. The FEMM program based on the theory of the finite element
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gives the possibility of specifying the degree of deformation of the magnetic field,
thus determining or optimizing the magnetic system of the three-phase transformer

with three columns in plan.
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Figure 5. Magnetic field distribution to the operation of the two phase loaded
transformer. a) the map of the magnetic field,
b) values of magnetic flux and induction in columns

3. Specifying winding parameters

Previously, it has been demonstrated that the magnetic field map makes it pos-
sible to determine the flux and magnetic induction in any section of the magnetic
core and in the space enclosed by the outer shell of the transformer.

Being known fascicular flux, it can be verified with expression:

o =BILY, (1)
where S is the surface where the magnetic flux passes.

Then total flux can be determined as such

Y=o, (2)
where W is the number of turns of that phase.

The mutual inductance of a phase is then determined

L, 7 3)

m
after which the phase reactance can be determined

X, =@, (4)

where ) is the electrical pulse.

Analogously, the dispersion reactants can be determined for each phase.

Using this method, the construction of the magnetic system can be optimized
and the parameters of the windings are determined, determined by the electromo-
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tive voltages, which sufficiently exceed the nominal voltages of the single-phase
load operation.

4. Conclusion

The FEMM program makes it possible to determine the distribution of the
magnetic field from the three-phase power transformer, which is more accurate and
precise.

The graphs of the magnetic field distribution are presented in the short-circuit
and non-symmetrical load of the transformer.

It was found that the distributions of the magnetic field is uneven and even in
a short circuit a column or two are over-saturated.

The magnetic field in short-circuit is calculated according to real currents, but
not nominal, as is usually done in the short circuit of the transformer.

References

[1] Binns K.J., Lawrenson P.J., Analysis and computation of electric and mag-
netic field problems, Oxford, 1963, pp. 51-56, pp. 72-75.

[2] Petrov G.N., Electricheskie mashiny. Transformatory. Part I, Moscow-
Leningrad, Ed. Gosenergoizdat 1956, p. 224.

[3] Voldek A.L, Electricheskie mashiny, Energia, Leningrad, 1974, p. 839.

[4] Chen J., Nayar C., Xu L., Design and Finite-Element Analysis of an Outer-
Rotor Permanent-Magnet Generator for Directly Couple Wind Turbines, IEEE
Transaction on Magnetics, 36(5), 2000.

[5] Ambros T., Electrical and Electromechanical special converters, Chisinau,
Technica-INFO, 2008, p. 288.

Addresses:

e Lect. Eng. Marcel Burduniuc, Technical University of Moldova,
Department of Electrical Engineering, 31 August 1989 str., no. 78, MD-
2012 Chisinau, Republic of Moldova marcel.burduniuc@ie.utm.md

e Prof. Dr. Eng. lon Stratan, Technical University of Moldova, Depart-
ment of Electrical Power and Electrical Engineering, 31 August 1989
str., no. 78, MD-2012 Chisinau, Republic of Moldova
ion.stratan(@ee.utm.md

e Prof. Dr. Eng. Tudor Ambros, Technical University of Moldova, De-
partment of Electrical Engineering, 31 August 1989 str., no. 78, MD-
2012 Chisinau, Republic of Moldova tudor.ambros@ie.utm.md

30



