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ABSTRACT

model in the Matlab program.

In the article, the connection of the transformer neutral to the ground in two
different ways is considered in a physical model. In these experiments, when the neutral
of the transformer is connected in different ways, the change of the short-circuit current
in the short-circuited phases, the change of the phase voltages, and the change of the
values of the active and inductive resistance are considered in the physical model and the
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The neutral point of the electrical system
is the common point of generators or
transformers connected in star form.

The type of grounding of the neutrals of
machines and transformers largely depends on
the insulation quality of electrical systems and
the choice of switching equipment, the
magnitude of overvoltages and their limitation
methods, the magnitude of short-circuit
currents through one phase to the ground, the
operating conditions of relay protection and
safety in electrical networks, communications
depends in many respects on the
electromagnetic influence shown to the lines,
etc.

Electric networks are divided into four
groups depending on the operating mode of
neutrals:[1,2,3]

1) networks whose neutrals are not
grounded;

2) networks with neutrals resonantly

connected to the ground;

3) networks whose neutrals are
effectively grounded;

4) connected networks whose neutrals
are not grounded.

The ground fault current has an almost
pure capacitive current that can take on
dangerously high amounts in common power
systems. If the short-circuited phase is
connected to the ground through a certain
amount of inductance, the ground current is
neutralized or extinguished, that is, it almost
disappears. An inductance coil is called a
ground-fault neutralizer or a Petersen choke
coil (after its inventor).
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Figure 1: Earthing in a network with a neutral.

Because the grounding capacitances of
the systems (connections and disconnections of
the lines) change as the power changes, the
Petersen inductance coil must also be variable.
Because of this, in selected areas of the power
system, plunger coils or branch coils are used
where the neutral point connections of the
transformers are connected to the grounding
line.

The mathematical determination of the
required inductance for neutralization can be
re-implemented using only the method of
symmetrical components.

The following condition applies to the

reactive resistance of the earth-fault
neutraliser:
1
XE _Sa)CE
(1)

A short circuit cannot be fully
compensated because the line resistance also
has an active component due to the constant
presence of the line resistance. The active
component is approximately 10% of the short-
circuit current and is described as the
unbalanced residual earth fault current.[4]

In order to reduce the grounding current of
three-phase networks with neutrals resonantly
connected to the ground, the neutrals are
connected to the ground through an arc
extinguishing coil in the 3-35 kV networks of
our continent (Fig. 2) [5].
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Figure-2. Three-phase networks with neutrals resonantly connected to the ground a) connection
diagram of the laboratory stand b) calculation diagram of the network c) voltage vector diagram

In normal operation, practically no
current flows through the coil. When it is fully
connected to the phase, the coil of the arc
quencher is in phase voltage, and the
inductance current JL of the coil passes along
with the capacitive current Js from the place of
connection to the ground.

Since the inductance and capacitance

a)

currents are out of phase relative to each other
by 180° they compensate each other at the
ground connection. If IS = IL (resonance), no
current flows through the ground. Due to this,
an arc does not form in the damaged area and
the dangerous consequences associated with it
are eliminated.

b) 0)
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Figure-3. Three-phase networks connected to the neutral ground through a network capacitance
current compensating coil a) laboratory stand connection diagram b) network calculation diagram c)

voltage vector diagram

In our country, three-phase networks
connected by a coil compensating the
capacitance current of the neutral to the ground
network are used in 220 and 380 V networks.
At this time, the neutrals of all sources are
grounded. In systems with a voltage of 110 kV
and higher, the insulation value is a decisive
factor in choosing the method of connecting the
neutral to the ground. Here, effective neutral
grounding is used, in which the voltage between
the undamaged phases in a single-phase short

preg

circuit is approximately 0.8 of the phase-to-
phase voltage in normal operation. This is the
main advantage of the neutral grounding
method.

Based on the above studies, in the
physical model of LD-DIDACTIC GMBH and in
the experiments conducted in Matlab R2017b,
the phase voltage of a single-phase short circuit
in the network and the effect of this phase on
the phase angle were conducted in three
different cases (Fig. 4) .
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Figure-5. Scheme of the working laboratory assembled in the Matlab program

Based on the above studies, in the
experiments carried out in the LD-DIDACTIC
LEYBOLD physical model, the phase voltage of a
single-phase short circuit in the network and
the effect of this phase on the phase angle were
tested in three different situations. During the
initial experiment, the oscillogram of network
parameters change when a single-phase short-
circuit condition is created when the neutral of
the transformer is connected to the ground
through an active resistance is presented in
Figure 5. During the same experiment, the

short-circuit mode was connected with the
single-phase ground through an active
resistance by changing the active resistance in
the range from 200 to 1000, and in this case, a
significant change can be seen in the
oscillogram of the network voltage change
compared to the case where the transformer
neutral is firmly connected to the ground. The
value of the short-circuit current in the Uc
phase, where the neutral of the transformer is
connected to the earth through an active
resistance, was 30% less than the value of the
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short-circuit current in the case where the
neutral is firmly connected to the earth. In the
experiment, the network parameters change,
when the neutral of the transformer is
connected through a resistance of 1000 Ohm,
the value of the voltage in the short circuit
phase is 239 kV, and the value of the short
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circuit current is 248 A. As the value of the
resistance gradually decreased, the value of the
short circuit current increased. At the smallest
level of resistance, i.e. at 200 Ohm resistance,
the value of the short-circuit current was 916 A,
and the value of the voltage was 203.8 kV.

Ua=2538kV Us=254 Ky

Ub=2508kV UB=250K/

le=816 4

lc=461A

b)

Figure-5. a) Oscillogram of a short circuit through an active resistance with a neutral single-
phase ground in the Matlab program b) An oscillogram of a short circuit with a transformer neutral
single-phase ground through an active resistance obtained in the physical model

Then, in laboratory conditions, a short-
circuit experiment with a single-phase ground
was conducted in the case where the
transformer neutral was connected to the
ground through an inductive resistance. When
the neutral of the transformer is connected
through an inductive resistance, it can be seen
that the value of the voltage on the short-
circuited line decreases by 30%, while the value

a)

of the short-circuit current decreases as the
value of the inductive resistance increases.
1601 A, the short-circuit phase voltage was
120.7 Kv, the largest inductance was 293 An
when connected with 2000 mHn, and the short-
circuit phase voltage was 211.7 Kv. During this
period, the power flowing from the short-
circuited phase to the ground varied in the
range of 7 to 20 kW.

b)
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Figure 5 a) Oscillogram of a short circuit through an inductive resistance with a neutral single-phase
earth in the Matlab program b) an oscillogram of a short circuit through an inductive resistance with
a transformer neutral single-phase earth in the physical model

It can be seen from the conducted
experiments that the change of the short-circuit
current in the short-circuit phase of the power
line during the short-circuit in different
connection states of the transformer neutral
was considered. As a result, when the
transformer neutral is firmly connected to the
ground, the short-circuit phase voltage
becomes zero, and the value of the short-circuit
current increases to 2282 A, when the
transformer neutral is connected through an
active resistance, the value of the short-circuit
phase voltage decreases by a maximum of 20%,
and the value of the short-circuit current is the
smallest active resistance. In this case, we have
seen that the short-circuit current is 60% less
compared to the network with the neutral
firmly connected to the ground. In the last
experiment, the value of the short-circuit
current flowing in the network was the smallest
value, i.e. 330A, when the neutral of the
transformer was connected to the ground
through inductive resistance.
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