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Abstract: - In the paper is presented a virtual simulator for three-phased medium voltage electric circuits. The
simulator allows analyzing transient regimes caused by the faults produced in electric distribution networks
(simple grounding, double grounding, broken and grounded conductor). Also, in paper are presented the
results of measurements made in the experimental area that was conceived for verification results obtained by
numerical simulation in real condition. There are analyzed the dependence of the transient regimes on the
initial phase of the voltage at the faulty place, the dependence on the grounding resistance at the faulty place
and on the method used for grounding the neutral point of the electric network.
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1 Introduction

One of the main and most important problems of the
electric distribution networks, in order to assure the
function at requested parameters, is that to notice as
soon as possible and with the most accurate
precision all the deviations from normal functioning
regime. This can be done using the real time survey
of the most important parameters of the electric line.
It is very expensive to have online survey devices on
each electric network and most of the suppliers
cannot afford these costs. In order to choose the
adequate electric equipments for protection and to
control it properly it is necessary to know the limits
of the values for voltages and current between which
their modification does not affect the good service
of the distribution network. The analyze of the
transient regimes produced by different breakdowns
in the electric distribution network allows to
establish the variation of voltages and currents
during these failure of function. Because of the
complexity of the equivalent electric schemes of the
electric distribution networks and also because of
the very large type of the breakdown possible to
appear in function, it is very difficult to make the
conception of an analytic model, and even if such an
analytic model is conceived it would be extremely
difficult to use it. That’s why researchers in the
domain have looked for new solution able to assure
a better precision, but in the same time easier to be
used. Last decades the researchers in the domain
have used more and more frequently numeric
methods for analyzing the more and more frequently
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numeric methods for analyzing the electric circuits.
These studies based on numeric methods have lead
to numeric models. Two of the most frequently used
programming media in order to implement the
numeric models for the analyze of the electric
circuits are Matlab-Simulink [1, 2, 3, 4, 5, 6,7,20,23]
and PSpice [1, 2, 3,4, 5,,8,9,10,11, 12, 13, 14, 15,
16, 18, 19]. The virtual system for the numeric
simulation presented in the followings it is based on
using PSpice.

2. The Elements of the System

The systems for the electric energy distribution
consist of the transformer station 110kV/MV (MV —
medium voltage), the MV electric lines, the
consumers connected directly on the MV, the
transformers MV/LV (LV - low voltage), the
consumers at L'V, the coil that produces the artificial
null point, the coil for compensation or the resistor
for the null grounding, the commutation devices.
The single-wire scheme of the distribution system is
presented in figure 1.

The meanings of the notations used in figure 1 are as
follows: Tr — the transformer 110kV/MV (the MV is
usually 6kV, the transformer is in Y, connection,
with the null on the 110kv side and A triangle
connection on the MV side; T.S.I. — the transformer
for the internal services (having zig-zag connection
on the MV side and Y, star connection on the 0.4
kV); Zy —the coil for the artificial creation of the
null, in =zigzag connection, on which null is
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connected the resistor for the null treatment, Zn; L,
L,, ... L, - the medium voltage lines connected to the
same medium voltage bar in the transformer station
Tr. 6/0,4kV - the transformers medium voltage/low
voltage, having triangle connection or Y without
null connection on the medium voltage and Y, star
with null connection or zig-zag with null connection
on the LV side, C — the consumers on LV side.

6 kV L Tr. 60,4 kY

n —
consumer
Tr. 6104 KV

consumer
L Tr. Gi0,4 KV
1

'f."l\ C
consumer

MOk Tr

O—@®

g L3l
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Fig.1. The single wire connection scheme

In order to analyze the behavior of the medium

voltage network during a transient regime caused by

a fault produced on one or more medium voltage

lines must be known the structure of the consumer

supplied by the medium voltage line.

In literature [ 8, 9, 10, 11, 12, 13, 14, 15, 16, 17, 18,

19,21,22] is generally accepted that the analyzed

faulty line is functioning with no load, and this

might affect the results.

The transient regimes caused by faults in medium

voltage networks contain two time periods

completely different in their evolution:

- the first time interval when appears also the
dead-beat component (the free component) in
the evolution of the voltages and the currents;
during this period the voltages and the current
have non sinusoidal evolution,

- the second time interval when the dead-beat
component is damping and the voltages and the
currents have sinusoidal variation.

During the second time interval the three phased

circuit is unbalanced, the three phased system of the

voltages and of the currents being nonsymmetrical,
but with sinusoidal time variation.

For the analyze of such a problem in three phased

electric circuits the most used method is the

symmetric component method (the positive, the
negative and the zero sequence components).

The virtual system for numeric simulation allows the

analyze in both, previously mentioned, time periods.
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3 The Configuration of the Numeric

Simulator
The numeric simulator for three phased electric
circuit must be able to reproduce, as simple as
possible, most of the possible faults that occur in the
function of the medium voltage network.
Each element of the real system must be modelized
in order to obtain a numeric simulator for the
equivalent electric circuit. Numeric models for the
following elements were made:
- power supply (source);
- transformer 110kV/MV;
- medium voltage network;
- consumer supplied directly from the MV

network;
- coil for the creation of the artificial null;
- element for the null treatment;
- resistance of the grounding fault.
In fig.2 is presented the virtual system that contains
all these elements:
- the source (power supply), with Vi, V, V;
voltages
- the model of the 110kV/6kV transformer, with the
parameters R;, Ry Rs, Ly, Lo, Ls 5
- the model of the medium voltage electric line with
the resistive parameters R., Ry Re, and the
capacitive parameters C;, C,, Cs, (depending on the
electric line structure the parameters mentioned
above might have different values),
-the model of the gounding of the line without fault
with the parameters Ry, Ry, Rps, Lyi, Ly, Lps, and
transversal parameters C4, Cs, Cg with Rc4, Res, Reg
in parallel;
- the grounding parameters from fault point to the
transformation station Ry, L.
- the model of the transversal fault (Sb) with fault
rezistance R;
- the controlled connector with variable closing time
moment and variable grounding fault resistance,
- the model of the PSpice modelization of the coil
creating the artificial null point, with the parameters
R4aa RSa, R6aa L4a: LSa: L6a 5 R4b: RSb, R6ba L4b5 LSba L6b-
- the elements for the null treatment Lc Rpe.
When the null treatment is made by using a
compensation coil, the two parameters, Lpc Rgpc.,
represent the equivalent parameters of the coil for
the treatment of the null of the network. In this case
the inductive reactance is much bigger than the
resistance.By modifying, in the simulator the two
parameters Lpc and Rpc it can be imposed the
regime of functioning for the electric network:

at resonance,
- some % overcompensated
- some % under compensated.
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Fig. 2. The electric scheme used in the PSpice simulations

If the network of the medium voltage has the neutral
point isolated, one of the two parameters is imposed
with a very high value.

If the network has the neutral point grounded by a
resistor, for the inductivity Lpc is taken the zero
value, and to the Rpc resistance is given the value
equal to the value of the resistor used for grounding
the null point of the network.

4 Numeric Simulation of a Phase to
Ground Fault

Some of the following results are obtained for the
situation when the electric medium voltage network
has the neutral grounded trough compensation coil
and it is functioning at resonance [8, 9, 14, 15, 18,
19].

The variable elements taken in the analyze were: the
initial phase of the voltage of the faulty phase
(namely in the moment when the fault was produced)
and the value of the grounding resistance at the place
of the fault (Ry)

The simulator (the model) reproduces the MV line
from the experiment aria.

The total value of the capacitive current of the MV
line is 27A, while the capacitive current of the faulty
line is 2.7A

In order to verify the accuracy of the numeric
simulation and its concordance with the real evolution
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of grounding faults were made measurements on a
6kV line. Simple grounding fault was produced

succesively for the line at resonance, 10%
overcompenated and, respectively, 10%
undercompensated.

For the resistance at the fault point (R;) sucesively
were used the values of 5Q, 250Q2 and 50002.

The initial phase of the voltage in the moment when
the fault is produced was equal (aproximatively) with
that one from the corresponding experiment in the
real 6kV network.

The results obtained by numerical simulation are
presented in fig.3a, fig.4a,...,fig.11a for the currents
and in fig.3b, fig.4b,..., fig.11b for voltages.

The zero sequence current trough the faulty line
(I(LL1) + I(LL2) + I(LL3))/3 and the current trough
the compensation coil I(LBC) are presented in the
figures with “a” indice.

The phase voltages V(8), V(9), V(10) and the zero
sequence voltage (V(8) + V(9) + V(10)/3 are
presented in the figures with “b” indice.

The results obtained by numerical simulation are
presented in fig.3a, fig.4a,...,fig.11a for the currents
and in fig.3b, fig.4b,..., fig.11b for voltages.

The zero sequence current trough the faulty line
(I(LL1) + I(LL2) + I(LL3))/3 and the current trough
the compensation coil I[(LBC) are presented in the
figures with “a” indice.

The phase voltages V(8), V(9), V(10) and the zero
sequence voltage (V(8) + V(9) + V(10)/3 are
presented in the figures with “b” indice.
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The following values of the parameters were used for
the numeric simulation:
- Power suply voltages
Vi(t) = 3468V2sin(100xt);
V,(t) = 3468V2sin(100xt 27/3)
Vi(t) = 34682sin(100mt+27/3)
- Parameters of the 110/6 kV transformer
Rl :RZ :R3 :4,1 mQ, L1 :L2 :L3 = 0,344 mH
- Transversal parameters of the healthy lines
RCI = Rcz = Rc3 2,28 kQ, Cl = C2 = C3 = 7,443 I.LF
- Equivalent parameters of the earth from the fault
point to the healty lines
Rpl = sz = Rp3 = O,SQ, Lpl = Lpz = Lp3 = 33,4mH
- Parameters of the faulty line till the fault point
RL] = RLz = RL3 = O,SQ, LLl = LL2 = LL3 = 1,1 ImH
-Transversal (parallel) parameters of the faulty line
Rc4 = Rc5 = RC6 = 22,8 kQ, C4 = C5 = C6 = 0,827MF
-Earth parameters from the fault point to the
transformer station
R,=0,05Q, L,=3,34mH
-Parameters of the zig-zag coil, creating the artificial
null
R4y =Rsy = Rea = Ryp = Rsp = Rg, = 0,14 Q
L4a=Lsa = Lea = Lap = Ls, = Lep = 3,26 H
coupling factor k = 0,95
-Parameters of the coil for null compensation
RBC: 2,16 Q, LBC = 0,395 H
The results of the simulation, currents and voltages
,are shown in the following figures as oscillograms.

4.1. The resistance at the fault point 5Q
4.1.1. The MV network at resonance

The initial phase of the V(10) voltage a. = 270°.
Results are shown in figures 3a and 3b.
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Fig. 3a. Single phase grounding R= 5 Q, network at
resonance, currents representation
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Fig. 3b. Single phase grounding R=5 Q, network
at resonance, voltage representation

4.1.2. The MV
overcompensation
The parameters of the compensation coil are

RBC = 2,169, LBC = 0,355H
The initial phase of the V(10) voltage is o= 270°.
Results are shown in figures 4a and 4b.
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Fig. 4a. Single phase grounding R=5 Q, network at
10% overcompensation, currents representation
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Fig. 4b. Single phase grounding R=5 Q, network
at 10% overcompensation, voltage representation
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4.1.3. The MV network functions at 10%

undercompensation

The parameters of the compensation coil are
RBC = 2,169, LBC = 0,434H

The initial phase of the V(10) voltage is o = 56°.

Results are shown in figures 5a and 5b.
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Fig. 5a. Single phase grounding R= 5 Q, network at
. . .
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Fig. 5b. Single phase grounding R=5 Q, network
at 10% undercompensation, voltage representation

4.2. The resistance at the fault point 2502

The value of the resistance introduced in the network
for measurements after causing a single phase
grounding fault is 250 Q. The same value vas used in
the simulation.

4.2.1. MV network functions at resonance
The compensation coil parameters are

RBC = 2,169, LBC = 0,395H
The initial phase ot the V(10) voltage is a. = 36°.
Results are shown in figures 6a si 6b.
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Fig. 6b. Single phase grounding R= 250 Q,
network at resonance, voltage representation
42.2. MV network functions at 10%

overcompensation regime
The compensation coil parameters are
Rpc =2,16Q, Lgc = 0,355H
The initial phase ot the V(10) voltage is a = 30°.
Results are shown in figures 7a si 7b.
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423. MV network functions at 10%
undercompensation regime
The compensation coil parameters are
RBC = 2,169, LBC = 0,434H
The initial phase ot the V(10) voltage is a = 85°.
Results are shown in figures 8a si 8b.
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Fig. 8a. Single phase grounding R= 250 Q, network
10% undercompensated, currents representation
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Fig. 8b. Single phase grounding R= 250 Q, network
10% undercompensated, voltage representation
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4.3. The resistance at the fault point 5002

4.3.1. MV network functions at resonance
The compensation coil parameters are

Rpc =2,16Q, Lgc = 0,395H
The initial phase ot the V(10) voltage is a = 26°.
Results are shown in figures 9a si 9b.
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Fig.9a. Single phase grounding R= 500 Q, network
at resonance, currents representation
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Fig. 9b. Single phase grounding R= 500 Q, network
at resonance, voltage representation

4.3.2. Network functions 10% overcompensated
The compensation coil parameters are

RBC = 2,169, LBC = 0,355H
The initial phase ot the V(10) voltage is a. = 96°.
Resul‘gsmare shown in figures 10a and 10b.
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Fig.10a.Single phase grounding R= 500 Q,
10% overcompensated, currents representation
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Fig. 10b. Single phase grounding R= 500 Q, network
10% overcompensated, voltage representation

4.3.2. Network functions 10% undercompensated
The parameters of the compensation coil are

RBC = 2,169 and LBC = 0,434H
The initial phase of the V(10) voltage is a = 126°.
Results are shown in fig. 11a and 11b.
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Fig. 11a. Single phase grounding R= 500 Q,
10% undercompensation, currents representation
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Fig. 11b. Single phase grounding R= 250 Q,
10% undercompensation, voltage representation
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5. Results of the Experiment

The results obtained during the measurements in the
experiment aria, while faults were produced on
purpose are shown in the followings. The fault
produced was of type single phase grounding.

The experimental aria contains 7 electric lines of
6kV, with total value of the capacitive current of 27A
From the 7 electric linea 6 are connected at first
system of bars and at the second bar system was
connected the line on which the faults were produced.
The capacitive current of this line is 2.7A.

The transformer station contains a transversal switch
in connected position.

For recording the currents and the voltages during the
experiment was used a CDR oscilloperturbograph.
Figures 12 to 20 show the following:

- the zero sequence current of the faulty line Ppr Tumn

- current trough the compensation coil Ig

- the star voltages, V,, Vi, V.

- the zerosequence voltage of MV bars from the
transformer station U°

The experiment was made in order to verify the
concordance with the numeric simulation and to
validate the accuracy of the simulator.

The experiment consisted on producing on purpose
faults of the type single-phase grounding, namely;

- metallic grounding of a phase R, = 0;

- grounding through the passing resistance R= 250 Q;
- grounding through the passing resistance Ri= 500 Q
The functioning regimes of the MV network were:
-MV network functioning at resonance

-MV network functions at 10% overcompensation
-MV network functions at 10% undercompensation
The three recordings, corresponding to the three
functioning regimes for metallic grounding are shown
in figures 12, 13 and 14.

| [
RTRTRTRTRY

Fig. 12. Single phase metallic grounding,
R&= 5 Q, network at resonance
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Fig. 13. Single phase metallic grounding,
R=5 Q, network at 10% overcompensation

E.“:Tr r’k 20994
e

\[ “I 1 |I FI .? I‘1 I"I \ | "I f |
ry \_U."l Iu’\ .-'] 'I]u'glulllﬂl"l!,“ ]| leﬁUll‘}:J ||I||||I|"\L|{|I \| frl n{:'f(‘UE
as'd '||1th'|.1| |I|||| r\l“lu |ﬂ| Jlllllll, Illllllllllll'“J'IJ ||I'|)Il
o \h IrI .Il oy
i € |II'U'|L||
) \ i . f \AANARD
me | l'.}.' H,I'frlwllhlll“rlﬁ'll r \“II'I \[ 'H'Jlll Ullllll'ulllh.'l ||||!|IJ

B IoEEEoNxoyEdog tRaz ¥l 1L it ER

Fig. 14. Single phase grounding with R=5 Q,
10%under-compensated network

By comparing the shape of the current of the faulty
line during the transient regime (the zero sequence
current of the faulty line) obtained by numeric
simulation with the one obtained by recording the
same current during experiment it can be observed
that the simulated current has an oscillating
component greater than in recorded experiment. This
difference is due to a greater equivalent resistance of
the experimental equivalent circuit than the simulated
one.

In the same maner, as for the metallic grounding, but
with a 250Q grounding resistance for the three
functioning regimes of the network the, results are
presented in figures 15, 16 and 17.
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Fig. 15. Single phase grounding with R=250 €,
network at resonance
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Fig. 16. Single phase grounding with R=250 Q,
10% over-compensated network
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Fig. 17. Single phase groundlng with R=250 Q,
10%under-compensated network
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The third value for the grounding resistance used in
the experiment is 500Q2 and the results for the
resonant regime, for 10% overcompensated and for
10% undercompensated are presented, respectively,
in the figures 18, 19 and 20.
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Fig. 18. Smglephasegroundmgreswtance, "
R&= 500 Q, network at resonance
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Fig. 19. Single phase grounding resistance
R= 500 Q, network at 10% overcompensation
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Fig. 20.
network at 10% undercompensation
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The tables 1, 2 and 3 campare some of the values
measured during the experiment with the
corresponding  values obtained by numeric
simulation.The significance of the symbols from the
tables is as follows:

-1° .. — maximal value of the zero sequence current
on the faulty line

- Ig — current trough the compensation coil

- 1% — the zero sequence current of the faulty line,
after the dumping of the dead-beat component;

-t,m— dumping time of the dead-beat component;

-U° — the zero sequence voltage at the MV bars of the
transform station;

-U;— voltage of the healty lines.
Table 1. Compared values for R, = 5Q

Regime Symbol Values obtained by Error
of the Of, quan Experiment Simulation (%]
network tities
%, [A] 21,7 24.6 13,4
Iy [A] 26,16 243 7,1
Reso- °[A] 2,28 2,42 6,1
nance | t,. [ms] 126 130 32
U° [kV] 3,6 3,55 1,4
U; [kV] 6,22 6,03 3,1
[N 17,8 58 226
10%0ver | Iy [A] 26,69 24,82 7,0
-compen- | I’ [A] 2,2 2,06 6,4
sated tam [MS] 80 86 7,5
U° [kV] 3,63 3,55 2,2
U [kV] 6,24 5,96 4,5
I’ Al 20,99 43 105
10% Is [A] 22,82 21,28 6,7
Under- | 1°,[A] 2,5 2,32 72
compen- | t, [ms] 198 210 6,1
sated U° [kV] 3,59 3,56 0,84
Uy [kV] 6,2 5,97 3,7
Table 2. Compared values for R = 250Q
Regime Symbol Values obtained by Error
of the of quan- Experiment Simulation (V0]
network tities
[N 4.8 45 6,3
I [A] 17,81 16,2 9,1
Reso [N 1,94 1,75 9,8
nance | t,, [ms] 38 34 10,5
UY [kV] 2,62 2,43 73
U, [kV] 5,6 5,46 2,5
[N 42 45 7.1
10%Over | I [A] 19,6 18,3 6,6
-compen- | 1%, [A] 2,64 2,42 8,3
sated tym [Ms] 35 32 8,6
T U° [kV] 2,73 2,47 95
U [kV] 5,69 521 8.4
[N 43 4,5 47
10% Is [A] 17,77 16,5 7,1
Under- | I°,[A] 2,05 191 6,8
compen- | t,. [ms] 31 28 8.6
sated [ U0 [kV] 2.8 2,53 9.6
Uy [kV] 5,71 539 5.6
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Table 3. Compared values for R, = 500Q

Regime Symbol Values obtained by Error
of the OfFl,ua“' Experiment | Simulation [%]
network tities
[N 2,8 2,6 7,1
Is [A] 14,37 12,84 10,6
Reso °[A] 1,64 1,49 9,1
nance |t [ms] 57 54 53
U [kV] 231 2,17 6,1
U, [kV] 53 478 9.8
[N 32 2,9 9.4
10%Over | I [A] 15,16 13,86 8.6
-compen- | 1%, [A] 2,53 2,27 10,3
sated tym [Ms] 41 37 9,8
T U° [kV] 1,91 1,7 9.9
Us [kV] 438 4,76 8,7
[N 3,1 2,8 9,7
10% I [A] 9,44 922 2.3
Under- | I°0[A] 2,53 2,31 8,7
compen- | .. [ms] 23 21 8,7
sated [ U7 [kV] 1,84 1,67 9,1
Us [kV] 535 4381 10,1

From all the three tabels results that the differences
between the wvalues obtained by the numerical
simulation and the values measured during the
experiment are reasonably small.

5. Conclusion

The numeric simulator conceived and made by us
allows the analyze of the transient regimes caused by
faults such as the simple grounding type, or double
grounding type, or broken conductor grounded
towards the consumer. In this paper we have
compared the results, simulated and experimentala
data, only for the fault of simple grounding. In these
conditions the simulator is validated by the
measurements, no matter how the neutral point of the
medium voltage network is grounded and whatever
are the functioning conditions of the electric network.
Numeric simulation of the transient regimes caused
by simple grounding faults produced in medium
voltage networks shows to be an efficient method for
analyzing such faults.

The initial value of the phase of the voltage on the
line where the fault is produced determines mainly
the dead-beat component that occurs during the
transient regime, the biggest values being obtained
when the initial phase is a = 90".

Because the initial phase of the voltage, in the
moment of producing the fault was almost the same
as that one used in simulation, the differences
between the maximal values of zero sequence
component, obtained trough the two metods, are quite
acceptables by technical point of view.

For small values of the grounding resistance at the
place of the fault (R, < 10Q) the error is a litle bit
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higher than in the situation with greater values (R, >
100Q) of the grounding resistance at the fault point.
The precision of the simulation is essentially
depending on the precision of the values used in
simulation for the circuit parameters.

In the evolution of the transient regimes produced by
faults in the electric distribution networks an
important role has also the value of the electric
resistance in the grounding point. When the value of
this resistance is high, the dead-beat component is
attenuated in a very short time (few milliseconds) and
the value itself of this component is low. When the
value of the grounding resistance in the place of the
fault is small the dead-beat component during the
transient regime is big, and its duration has significant
values.

The voltages on the phases without fault (healty) and
the currents on the phase with fault can attend high
values during the transient regime.

The fact that both type of values from tables 1, 2 and
3 have similar values shows that the simplificatory
conditions taken into account for creating the
simulator are correct.

Even if, here, we have validated the accuracy of the
simulator only in the case of a simple grounding type
fault, the model is flexible, adaptable for different
types of grounding faults. This gives the possibility to
analyze, in a virtual manner, types of grounding faults
and the transient regimes corresponding to them,
without the expensive and difficult experiments.

For other types of faults the electric scheme of the
simulator can be modified and completed with some
other connectors introducing other desired faults.
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