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Overvoltage on the High and Low Side Electrical Network
Voltage 35 kV When Appearing and Disconnecting Short
Circuits of Various Forms at Its High Voltage Part

Abstract. Overvoltage is explored on the 35, 10 and 6 kV sides of the electrical network where various characters short circuit occur on its high-
voltage part. It has been revealed that the overvoltage which occurs during a short circuit has the highest values if the short circuit is single-phase,
as expected. However, disconnecting of all types of short circuits results in higher, overvoltage because the network operates with an isolated
neutral and a short circuit. Even when a short circuit occurs on the high voltage (HV) side of the transformer, it does not completely de-energize it.
Breakdown occurs at such high currents that they cause excessive voltages. Protection against such high overvoltage can be provided by installing
surge arresters at the inputs of 35 kV transformers.

Streszczenie. Przepiecia badane sg po stronach sieci elektrycznej 35, 10 i 6 kV, gdzie w czeSci wysokonapieciowej wystepujg zwarcia o roznym
charakterze. Stwierdzono, ze przepiecie powstajgce podczas zwarcia ma najwieksze warto$ci, jesli zgodnie z oczekiwaniami zwarcie jest
Jjednofazowe. Jednak odfgczenie wszelkiego rodzaju zwar¢ powoduje wyzsze przepiecia, poniewaz sie¢ dziata z izolowanym punktem neutralnym i
wystepuje zwarcie. Nawet jesli zwarcie wystapi po stronie wysokiego napiecia (HV) transformatora, nie powoduje to catkowitego odtgczenia go od
zasilania. Awaria nastepuje przy tak duzych pradach, ze powodujg one nadmierne napiecia. Ochrone przed tak duzymi przepigeciami mozna
zapewnic instalujgc ograniczniki przepiec¢ na wejsciach transformatoréw 35 kV. (Przepigcie na stronie gérnej i dolnej sieci elektrycznej Napiecie

35 kV Przy powstawaniu i rozfaczaniu zwaré¢ réznego rodzaju w czesci wysokiego napiecia)

Keywords: Overvoltage, short circuits, surge suppressors, switches with shunt resistance.
Stowa kluczowe: Przepigcia, zwarcia, zabezpieczenia przeciwprzepieciowe, wytgczniki z bocznikiem.

Introduction

Electrical networks of 35 kV belong to distribution
networks and operate with an isolated neutral. These
networks are the most widespread and extensive, therefore
more susceptible to abnormal and emergency conditions.
The reliability of 6-35 kV networks determines the
uninterrupted power supply to consumers. Emergency
modes in these networks occur mainly during short circuits,
which lead to an increase in either currents or voltages to
high values, depending on the type of short circuit and the
operating mode of their neutrals. Disabling a short circuit
also leads to high overvoltage, in this case the magnetic
energy of the cutting current is converted into electrical
energy and increases the voltage. Consequently, the
greater the breakdown current, the more overvoltage is
created in the network. It is known that switches disconnect
the short-circuit part of the network when the current in the
switch passes through its zero value or close to this value. It
should be noted here that when turning off and on, the
switches of three phases operate simultaneously, while the
currents of the three phases shifted relative to each other
by 21/3 degrees, do not simultaneously pass through their
zero value, therefore, the switches of healthy phases
operate at the moment when the currents in these phases
have sufficiently large values, i.e. large currents are
interrupted, and such current interruptions can cause large
overvoltage as stated above [1-7].

With  asymmetrical short circuits, the highest
overvoltages are observed in healthy phases. On the
damaged phase, overvoltage is also observed. These
overvoltages that arise mainly depend on the instantaneous
value and rate of change of the current in the switch at the
moment of its break, on the instantaneous value of the
voltages in the phases and the parameters of the circuit [3].

Problem setting

The question of what overvoltages can result from the
interruption of large currents have quite great interest. This
article is devoted to the consideration of this issue, as well
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as the transfer of such overvoltages to the secondary side
of transformers, i.e. overvoltage on 10 kV and 6 kV bus
systems when large currents break on the 35 kV side. The
article examines a part of the electrical network in which
there are three substations and two lines.

The first substation is a supply substation (Ssu/S) with a
voltage of 220/35 kV, the second (S/S-1) - 35/10 kV and the
third (S/S -2) - 35/6 kV. To protect against overvoltages,
surge arresters are installed in 35 kV bus systems. On the
10 kV and 6 kV sides there are corresponding loads S, S; -
Fig. 1.
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Fig. 1. Diagram of the electrical network under study

Solution of problems

Various forms of short circuits - one-phase, two-phase,
two-phase to ground and three-phase - were performed
alternately in the gap between the transformer T4 and the
switches in the substation S/S-1. The results obtained are
shown in Table1, as well as in Fig. 2 — 4.

Fig. 2. Overvoltages in bus systems of 35 kV substation S/S-1
when a single-phase short circuit occurs and switches off.

PRZEGLAD ELEKTROTECHNICZNY, ISSN 0033-2097, R. 100 NR 9/2024



Fig.3. Overvoltage on the LV side of transformer T, at occurrence
and disconnection of a two-phase short circuit to ground

Fig.4. Voltage at the inputs- of transformer T, when and
disconnecting three-phase short circuit.

Table 1 shows the amplitude values of the currents in
the first and second lines, the currents on the primary side
of transformers T1and To.

Table 1. Currents in lines 1 and 2, on the primary side of transfor-
mer T4 and capacitive currents of lines 1 and 2
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In normal operation of the network, the currents in the
first and second lines are equal to 400 A and 135 A,
respectively, the current in the branch of transformer T is
265 A, and the capacitive currents of the primary and
secondary lines are 0.8 A and 0.5 A, respectively. the
phase voltage values in this mode are equal - at the
beginning of the first line 29.32 kV, at the beginning of the
second line - 27.35 kV and the end of the second line -
26.23 kV. A, the amplitude values of the phase voltages on
the 10 kV and 6 kV sides are respectively equal to 7.48 kV
and 4.37 kV (see Table). All these defined values
correspond to their real values during normal operation of
the network in question.

In the work, it was assumed that all of the above types
of short circuits occurred at the moment the voltage of
phase A at the short circuit point passed through its
amplitude value.

With a single-phase short circuit, there is a slight
increase in the phase A current (from a value of 266 A to a
value of 369 A) in the branch of transformer T1 in the S/S-1,
and in phases B and C there is practically no change in
currents. Changes in the current values of lines 1 and 2 are
small. The current passing into the ground from the short
circuit point is 164 A. This current is closed through the line
capacitances, which increase to 46 A.

A single-phase short circuit leads to an increase in
voltage in healthy phases. As can be seen from table. 2, at
the inputs of transformer T4 in phases B and C, the voltages

increase by 2.4 times. Increase in voltage at the end of line
2, i.e. on the high voltage side (HV) of transformer T, is
slightly larger - 2.7 times, due to the superposition of high-
frequency voltage fluctuations created on this line.
Consideration of changes in voltages and currents at the
beginning of the first line and at the end of the second line
(in transformer T,) is aimed at determining the influence of a
fault occurring in the S/S-1 substation on these values at
these specified points, which are located several kilometers
from the fault point.

Of interest is the transmission of such overvoltages to
the 10 kV and 6 kV sides. On these sides, there is an
increase in voltage in the damaged phase by more than 1.7
times, since the current of this phase in the high-voltage
part has a slightly larger change. In healthy phases there is
practically no increase in voltage.

With a two-phase short circuit to ground (in phases A
and B), the currents in the branch of transformer T
increase by 7 times. The voltage in the bus systems of
substation S/S-1 (at the HV inputs of transformer T4) in
damaged phases drops to zero, and in the healthy phase
increases from a value of 27.32 kV to a value of 42.45 kV,
i.e. 1.6 times. In the bus systems of the S/S-2 substation, in
phase A the voltage practically does not change, in phase B
it decreases by 1.5 times, and in phase C it increases by
the same amount (according to the current values of these
phases at the time of the short circuit). On the low side of
transformer T in phases A and B, the voltages are reduced
by half, since the short circuit is located in these phases on
the high voltage side, therefore, in the high-voltage winding
there are practically no currents in these phases, therefore,
in the magnetic circuit, half of the magnetic flux of the
current of phase C is closed through the rod of phase A,
and the other half through the rod of phase B, which leads
to a halving of the secondary voltage in these phases. In
phase C, the secondary voltage does not change. There is
no change in voltage on the low side of transformer T, (see
Table 1).

When a two-phase fault to ground is disconnected, the
capacitive currents of the damaged phases of both lines
increase greatly (up to 80 A). The current passing into the
ground is 245 A (see Table 1).

In the HV bus systems of the S/S-1 substation, the
voltage in all phases reaches quite high values, up to 91 kV,
i.e. increase by 3.5 times and this is in the presence of
surge arresters at this point - fig. 3.

The voltages in the damaged phases on the high side of
transformer T4 remain equal to zero, and in the healthy
phase they increase excessively (as in a single-phase short
circuit), since the shutdown was performed at low values of
the currents of the damaged phases and at this point in time
the current of the healthy phase was quite large. And, also
with an isolated neutral of the network, the high-voltage
winding of transformer T4 is not completely de-energized
during two phase short circuits. In the case under
consideration, in the high-voltage windings of transformer
T4, the currents of the damaged phases are almost 140 A,
and the healthy phase is 280 A.

Consequently, the disruption of such large currents
leads to excessively large overvoltages. Using two contact
switches in this case also does not give a positive result. A
decrease in overvoltage by 2-3 times is observed, but
these values remain excessively high. Installing an arrester
at the HV inputs of transformer T4 overcomes this problem.
Moreover, these overvoltages do not exceed 99 kV, with a
duration of several microseconds, as indicated in the
calculations of a single-phase short circuit. In steady state,
after a short circuit, the voltages in all three phases become
zero [5].
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Using two contact switches in this case does not give a
positive result. In this case, overvoltages are reduced by 2—
3 times, but these values also remain excessively high.
And, when installing an arrester at the HV inputs of
transformer T4, these overvoltages are reduced to almost
99 kV, which exceeds their nominal value by 3.7 times,
remaining acceptable for a voltage class of 35 kV. These
overvoltages have a pulsed form with a duration of up to
approximately 10 ps - Fig. 3. In steady state after
disconnecting the short circuit, the voltages in all three
phases become zero.

The secondary voltages of transformer T4 also increase
when the two-phase short circuit is disconnected. In phases
A and B, the voltages increase from 3.88 kV (at short
circuit) to 9.48 kV, and in phase C from 7.85 to 18.96 kV.
The curves of these overvoltages are shown in Fig. 4. In
steady state, these voltages become zero.

Both in transformer T4 and in transformer T,, on the HV
and LV sides, the voltages of phase A differ little from their
nominal values, and the voltages of phases B and C exceed
their nominal values by more than 3 times [6].

With a two-phase short circuit (also in phases A and B),
the currents of the damaged phases in the branch of
transformer T4 increase greatly (almost 11 times), and the
change in the current of phase C is small (100 A). The
short-circuit current is 2940 A. The voltage in the HV bus
systems of the S/S-1 substation in the damaged phases
drops from a value of 27.32 kV to a value of 15 kV and does
not change in the healthy phase. The voltage changes in
the HV bus systems of substation S/S-2 are the same. The
voltage on the secondary side of transformers T4 and T, in
phases A and B, is reduced by half, and in phase C remains
unchanged (as with a two-phase ground fault). But
disconnecting such a short circuit greatly changes all the
voltages in the circuit under consideration. Voltages in all
phases of the 35 kV bus system of substation S/S-1
increase three times, and in the high voltage bus systems of
substation S/S-2 such an increase in voltage occurs only in
phases B and C. In phase A the voltage increase is small.
Disabling a two-phase fault, as well as disconnecting a
single-phase fault and a two-phase fault to ground, leads to
excessively large overvoltage values on the primary and
secondary sides of transformer T4. In the presence of surge
arresters on the HV waters of transformer T, these
overvoltages are reduced on this side to 99 kV and on the
LV side to 19 kV in phases A and B, and 38 kV in phase C.
As can be seen, 38 kV is 5 times the nominal value of this
voltage, which is quite high. On the secondary side of
transformer T», the voltages in phases B and C increase by
approximately 3.5 times, and the voltage in phase A
changes little. In steady state after a short circuit, the
secondary voltages T1 are equal to zero, and T, are equal
to their nominal values.

Of course, a three-phase fault (and a three-phase fault
to ground) does not create overvoltages, but disconnecting
this type of fault leads to fairly high values of overvoltages,
since the currents of a three-phase fault have the highest
values compared to currents in other types of faults. In the
case under consideration, the three-phase short circuit
currents reach 3450 A, exceeding the rated currents by 13
times.

As can be seen from table 1, with a three-phase short
circuit, in the HV bus systems of the S/S-1 substation, the
voltages in all three phases drop to zero. In the HV bus
systems of the S/S-2 substation, the voltage of phase A
differs little from its nominal value, and the voltages of
phases B and C are reduced by more than half their
nominal values. This form of voltage change also occurs in
the secondary winding of transformer T,. As for the
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secondary voltages of transformer T4, these voltages are
zero, since on the high side of this transformer the voltages
of all three phases are zero.

When a three-phase short circuit is disconnected,
almost four times the rated voltage is set in the HV bus
systems of substation S/S-1, and three times in the bus
systems of substation S/S-2. The voltage at the short-
circuited inputs of transformer T, after disconnecting the
short circuit increases from zero to 31.84 kV with a duration
of approximately 0.1 s - Fig.4. The secondary voltages of
transformer T are equal to zero, since the primary voltages
of this transformer are equal to zero. And, the secondary
voltages of transformer T, increase significantly. The
increase in phase A is approximately 2 times, in phase B -
4.3 times and in phase C 5 times. Note that with a three-
phase fault to ground, due to the direct connection of the
transformer T4 inputs to the ground, the voltage in them
remains equal to zero when the fault is turned off [7].

Conclusions

1. Overvoltages occurring during a single-phase short
circuit have higher values than overvoltages occurring
during other types of short circuit. In the considered 35
kV network diagram, with a single-phase short circuit,
the overvoltage factor reaches 2.4.

2. Disabling all types of asymmetrical short circuits leads to
excessively high overvoltages, which have pulse forms
with a very short duration.

3. When performing surge protection for 35 kV networks,
one should also take into account the overvoltages that
occur when disconnecting a short circuit, at which these
overvoltages reach excessively high values. The use of
two contact switches to interrupt faults reduces these
overvoltages, but the reduced values also remain
unacceptably high. Protection against such overvoltages
can be achieved by installing surge arresters at the
transformer inputs.
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