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Abstract—The results of experimental studies under the same loads of power transformers with “star/double
zigzag with zero wire” and “star/star with zero wire” winding-connection schemes in laboratory conditions
are presented. Both transformers were loaded with symmetrical and asymmetrical nonlinear loads at different
load factors. The values of the distortion coefficients of the sinusoidal currents in the phases, K-factor, active
power losses in power transformers, total gross power, total power factors, currents in the zero wire, load cur-
rent unbalance coefficients in the zero sequence were controlled. The obtained results are compared, conclu-
sions are drawn about the efficiency of using transformers with different winding-connection schemes.
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INTRODUCTION

The load of most 6- to 10/0.4-kV power transform-
ers is characterized by nonlinearity and nonsinusoi-
dality caused by the specifics of power receivers in load
nodes. Most electrical receivers are of nonlinear load,
which creates distortion in the supply network. Agri-
cultural and domestic electrical consumers largely do
not have electromagnetic compatibility with other
electrical receivers included in the common electrical
grid and, as a rule, reduce the transmission efficiency
and quality indicators of electrical energy.

Affordable price and maintainability of 6- to
10/0.4-kV power transformers with a star/star wind-
ing-connection scheme with a zero wire predeter-
mined their overwhelming use in rural and urban elec-
trical networks. However, in such transformers,
uncompensated zero-sequence magnetic fluxes with a
frequency of 50 Hz and magnetic fluxes from har-
monic currents that are multiples of 3 cause an
increase in zero-sequence resistance, which leads to
an increase in power losses, both in the transformers
themselves and in the load network connected to
them. In addition, in an electrical network with such
transformers, problems with the correct operation of
current protection are likely.
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In electrical networks of 0.38 kV, the sample aver-
age values of the current sinusoidality distortion factor
vary in the range of 9.81— 17.48%, the voltage sinusoi-
dal distortion factor in the range of 1.30—4.01%, and
the zero sequence voltage unbalance factor in the
range of 1.03—9.02% [1—4].

In [5], a power transformer with a “star—double
zigzag with a zero wire” (Y/2Zy) winding-connection
scheme was proposed. It was originally designed to
eliminate circulating currents when operating in paral-
lel with the most common star/star zero wire (Y/Yy)
transformer; then, it began to be tested under labora-
tory conditions with nonlinear [6] and asymmetric [7]
loads. However, these works do not indicate the values
of the parameters of the investigated transformer itself
with the “star—double zigzag with zero wire” winding-
connection scheme (number of turns in the trans-
former windings, design format, etc.), as well as the
parameters of the nonlinear load used, which is neces-
sary for an objective assessment.

The purpose of the article is to investigate the oper-
ation of a power transformer with a Y/2Z;; winding-
connection scheme with a nonlinear nonsinusoidal
load and compare the efficiency of transformers with
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Fig. 1. Scheme of a laboratory setup when testing a power transformer with a Y/2Zy winding-connection scheme.
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Fig. 2. Scheme of a laboratory setup when testing a power transformer with a Y/Yy winding-connection scheme.

Y/2Z and Y/Yy connection schemes with the same
nature of the load circuit.

MAIN PART

Studies were carried out in laboratory conditions;
two dry-type transformers of the same power (1.5
kVA) were used with Y/2Z, and Y/Yy winding-con-
nection schemes. Transformer Y/2Z,; had a ratio of
the number of turns in the windings and half-windings
of the load circuit on each of the magnetic core rods
equalto 6.16: 1: 1.

The test circuit with a Y/2Zy; transformer is shown
in Fig. 1; that with a Y/Yy transformer, in Fig. 2.
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As loads Zy,—Zy; (Figs. 1, 2), DRL gas-discharge
lamps with a power of 250 and 400 W were used. Elec-
trical quantities were measured with a HIOKI 3196
device and Mercury 230 electricity meters installed on
the primary and secondary sides of the transformers.
Resistors Z; were used to simulate the parameters of
the 0.38-kV load network. Autotransformers AT1
maintained the same voltage at the input of the load
circuit.

By changing the number of DRL lamps in the load
circuit Zy,—Zy;, the nature and level of load on both
transformers varied. The tests were carried out at
transformer load factors of 0.8, 1.0, and 1.3.

The obtained results are presented in the form of
petal diagrams, which display the following main elec-
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Fig. 3. Petal diagram of changes in the electrical values of the compared transformers with their load factor equal to 0.8.

trical quantities: PFgyy is the total power factor of
loads including harmonics, THD-1,—THD-1; are the
distortion coefficients of the sinusoidal current curve
in the line wires and THD-1, in the zero working wire,
APy is the active power losses in the power trans-
former, /1, is the current in the zero working wire, KF,—
KF; are the coefficients showing the increase in heat
losses in the transformer phase windings due to non-
linearity of the load, and Kj, is the zero-sequence cur-
rent unbalance factor. When constructing petal dia-
grams, the worst result of the electrical quantity for the
compared transformers was plotted along the beam
closer to the center.

As follows from Fig. 3 with the same, phase-uni-
form total load of both transformers, active power loss
APy of a transformer with a Y/2Zy; circuit is greater
than that of a transformer with a Y/Yy; circuit. Sinu-
soidal current curve distortion factors in the linear
wires turned out to be worse for the Y/Yy; transformer
with a load equal to 0.8. The worst results for this load
at the transformer with the Y/Yy scheme turned out to
be in terms of the current in the zero working wire (/)
and in terms of coefficients KF;, K,, and PFyg;,,. Stud-
ies have shown that the current sinusoidal distortion
factor in the zero wire when powered by a Y/2Zy
transformer was almost three times higher than the
same factor when the load was powered by a Y/Yy
transformer. It should be noted that, at other load val-
ues, in terms of the current sinusoidal distortion factor
in the zero wire, the transformer with the Y/2Z;; wind-
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ing-connection scheme was inferior to the Y/Yy; trans-
former.

When the load of transformers is changed to the
nominal value, the appearance of the petal diagram for
the same indicators is shown in Fig. 4.

At the nominal load of the transformers (two 250-
W DRL lamps were connected to each phase and one
400-W DRL lamp to the third phase), the load-current
asymmetry has noticeably worsened and the shape of
current curves in the load circuits fed from power
transformers with the Y/2Zy and Y/Yy scheme has
improved. Thus, for the Y/Yy transformer circuit, the
zero-sequence current unbalance  coefficient
increased from 13.17 to 21.59%; for Y/2Z, from 11.13
to 26.84%. In addition to this indicator, the trans-
former with the Y/Yy scheme turned out to have the
following indicators as the best ones: the total power
factor of the loads, taking into account harmonics,
PFg,(0.63 vs. 0.62); sinusoidal current curve distor-
tion factor in the zero wire THD-1,(34.33vs. 36.06%);
active power losses in the transformer AP, (0.274 vs.
0.373 kW); and current in the zero working wire I,
(1.619 vs. 1.979 A), as well as coefficients KF1 and
KF2.

The petal diagram when loading transformers up to
1.3 rated power is shown in Fig. 5.

With a further increase in the asymmetric nonlin-
ear load (three 250-W DRL lamps and one 400-W
DRL lamp) in the compared transformers, the current
asymmetry coefficient in the zero sequence of the
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Fig. 4. Petal diagram of changes in the electrical values of the compared transformers at nominal load.
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Fig. 5. Petal diagram of changes in the electrical values of the compared transformers with their load factor equal to 1.3.
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transformer with the Y/2Z circuit deteriorates mark-
edly from 26.84 to 40.38%. The values of coefficients
KF1, KF2, and KF3 also slightly decrease. The sinusoi-
dal current curve distortion factor in the THD-1, zero
wire of the Y/2Z,, transformer turned out to be 7.95%
higher than that of the Y/Yy transformer. Current in
the zero working wire /, of the network when powered
from the Y/2Zy transformer was 3.617 A, which is
0.486 A more than the same indicator when the net-
work was powered from the Y/Yy transformer. Active
power losses in the transformers themselves with such
a load turned out to be greater for the Y/2Z trans-
former at 0.197 kW. The only indicators in which the
Y/2Z,, transformer had advantages over the Y/Y} trans-
former turned out to be the power factors of the loads,
taking into account harmonics PFg;, (0.59 vs. 0.41) and
distortion coefficient of the sinusoidal current curve in
one of the linear wires THD-1, (3.87 vs. 5%).

CONCLUSIONS

1. Under simultaneous exposure to nonsinusoidal
and asymmetric currents, the largest number of elec-
trical values, according to which the power trans-
former with the Y/2Z; winding-connection scheme
showed the best results (7 out of 11) relative to the
Y/Yy transformer, turned out to be at rated load.

2. When loading power transformers with asym-
metric and nonsinusoidal current in excess of the
nominal value, the power transformer with the Y/Yy
winding-connection scheme turned out to be the best
(9 out of 11 indicators).

3. With a uniform nonnominal loading of trans-
formers, the power transformer with the Y/Yy wind-
ing-connection scheme also turned out to be the best
(7 out of 11 indicators).

4. A power transformer with a Y/2Z winding con-
nection does not have undeniable advantages over a
transformer with a Y/Y; winding connection at differ-
ent loads under conditions of multifactorial impact:
the level of asymmetry and nonsinusoidality, the
transformer’s own power losses, the degree of current
load of the zero working wire of the network of 0.38 kV,
and the heating and power factor of the transformer.
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