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Selective Detection of Simple and Double
Grounding within the Medium Voltage
Electrical Networks with Compensated Null

D. Toader, P. Ruset, I. Hategan IEEE Member, 1. Diaconu, N. Pinte

Abstract — This paper was written after some tests for default
detection in MV network with compensated neutral in Romania.
The results after these experiments are presented in comparison
with numerical simulation. The results of this research are put
into practice through a hardware device BZCD - 2 as digital
protection block. The experimental determination has
demonstrated very good reaction of this protection.

Index Terms — current harmonics module, digital protection
block, homopolar capacitive impedance, simple grounding fault.

1. INTRODUCTION

he problem for selective detection of simple, respectively

double grounding within the medium voltage electrical
networks from Romania has represented and still represents a
concern for many specialists in the power field. The
development of the numerical protection equipments from the
past years represents an important requirement for achieving
selective protections which would allow extending the
possibilities to discover the above mentioned defects in
difficult defect conditions [1, 2, 3, 4, 5]. Within this paper the
authors wish to analyze the sizes dependence (voltages,
currents) based on conditions the defect produces for
establishing the possibility to selectively acknowledge the
above mentioned defects. Furthermore, there are shown the
technical characteristics of the protection block BZCD — 2, for
analyzing the conditions when this protection block enables
the selective acknowledgment of simple and double
groundings in a bucking coil treated zero medium voltage.

II. TECHNICAL CONSIDERATIONS
A. Mathematic model for the analyze of a simple grounding

A.1) Theoretical consideration

The single phase circuit diagram for a (MVN) is shown in Fig.
1, where the notations have the following significance [2]: Tr
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— 110/20kV transformer; TSI — internal services transformer;
Z, — grounding impedance of the network; R, — fault
grounding resistance; L;, L,,..., L, medium voltage electric
lines [1, 2, 3, 4, 5].
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Fig. 1. Single phase circuit diagram  Fig. 2. Diagram for the connections of
for a (MVN) with simple grounding  the sequences schemes for a simple
fault grounding fault

Considering that the simple grounding fault occurs on the R
phase of the MVN, the voltages and the currents in the fault
area satisfy the following conditions [1, 2, 3]:
L=l =05 Ug=R 1, (@
From the first equation of (1) results that the sequence
schemes for the simple grounding fault are connected in
series.
la=1 =1, (2)
The voltage at the fault is expressed by:
Ug,=3-RI, 3)
We consider that the three phased system of the supply is
symmetrical in direct sequence, so that:
[ Y (4)
e Zy+Zi+Zy
In (4) Us represents the voltage on the “R” phase before the
fault occurred, and the impedances represent the sequence
impedance seen from the fault location, also before the fault
occurred. It can be accepted (because of the infinite power of
the 110kV system) that the components are static and
equilibrated and:
Zy=Z;=Zyg+Zy =Rg +Ry + J( X + X ) )
The homopolar sequence impedance is:
(ZTSIh +3 ;n) ; ;Ch
;TSIh +3 ;n + ;Ch
[Rrr5| +3-Ry+ J(X g +3- Xn)]'(va + jxfch)
Rersi +3+ Ry + R + J(X g +3+ X + Xrgy +3- X))
In (6) the transformer 110/20kV is in Y/A connection and TSI
transformer is in zig-zag connection on the medium voltage.
The equivalent impedance of the MVN seen from the faulty
point, as a function of the frequency is:

Z, =3 R+R, +1X,)+Zyq + =3 RAR XD (6)
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A.2) Numerical results

For the total capacitive current of the network we take the
values 100A; 50A; 25A; 15A; 10A; 5A. The initial phase of
the homopolar capacitive impedance (¢ angle of the medium
voltage line and the group TSI together with the grounding
impedance of the MVN) is varied from 80° to 90°. The results
obtained are shown in table I for the homopolar capacitive
impedance, in table II for the homopolar impedance of
TSP+BC and in table III for the homopolar impedance of
MVN seen from the fault point. From the three tables results
that the value of the argument ¢ is very important for the
value of the homopolar impedance.

of 5S0Hz. From fig. 10 results that the value of the fault current
is minimum at the frequency of 5S0Hz, which is natural since it
was supposed that the network functions at resonance.
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In table 3 are presented the values of the homopolar
impedance of the MVN seen from the point of the fault, when
the fault is produced on the medium voltage bar of the
transformer station and the frequency is 50 HZ. In these
calculations the resonant regime was considered. In order to
obtain Z(f), the equivalent homopolar impedance of the MVN
seen from the fault location we gave to the frequency a
variation in the domain [40Hz, 5S00Hz], using MathCAD. The
graphic representation was made only till 150 Hz (the third
harmonic) because above this value there are no significant
changes. The following graphic representations are made for.
From Fig. 9 results that the value of homopolar voltage is
maximum at a frequency of S0Hz if the transition resistance at
the defect location is higher than 10Q. Beneath this value of
the transition resistance at the defect location homopolar
voltage has maximum value at a frequency superior to the one

Fig. 10. Ly(f) for Ic = 100A, ¢ = 90°,
network at resonance

Fig. 9. Uy(f) for Ic = 100A, ¢ = 90°,
network at resonance
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Fig. 11. Dependence of the Fig. 12. Dependence of the phase

homopolar voltage phase based on difference between the homopolar

the frequency, for Ic = 100A, ¢ = voltage and the fault current based on

90°, network at resonance the frequency, for Ic = 100A, ¢ = 90°,
network at resonance

Fig. 11 shows that the phase of the homopolar voltage
depends on the frequency, the maximum variation occurring



on zero fault location transition resistance. For R, = 0 the
phase of the homopolar voltage modifies within the period [0,
160°], and for R; = 1000Q it modifies within the period [0,
87°]. At S0Hz frequency the phase of the homopolar voltage
is zero. The phase difference between the homopolar voltage
and the fault current is depending on the transition resistance
at the defect location value for the frequency of 50Hz and it is
independent of it for higher frequencies.

From the analysis of the simple grounding defect result the
following conclusions:

e The value of the homopolar capacitive impedance
equivalent to the MVN seen from the fault point is strongly
dependent on the quality of the insulation. If the insulation is
older, the angle argument ¢ decreases and the resistance of the
equivalent impedance increase. If the total capacitive current
of the network is 100A, the growth of the resistance of the
equivalent impedance goes till 6Q if ¢ = 89°, till 12Q if ¢ =
88°, till 18Q if ¢ = 87°, till 30Q2 till ¢ = 85° and till 60 if ¢
=80°

e The resistive component of the homopolar impedance,
equivalent to the TSI+BC group, depends on its argument
similarly as the homopolar capacitive impedance of the MVN
e The value of the equivalent capacitive impedance of the
MVN seen from the fault point depends in an important
manner on the quality of the insulation. When insulation gets
older, as mentioned above, the equivalent impedance
decreases with 50% from the ideal value, if I, = 100A, with
67% if I, = 50A, with 80% if I, = 25A, with 81% if I, = 15A,
with 90% if I, = 10A and with 95% if [, = 5A.

e The most important dependence of the equivalent
impedance on the frequency corresponds to the situation when
the neutral point of the network is grounded trough
compensation coil or if is isolated. For more than 100Hz the
impedance reduces to the grounding resistance at the fault
point.

e Only if the grounding fault resistance is lower than 10Q
the fault such as simple grounding can be detected if the
neutral point of the network is isolated or is grounded trough
compensation coil

e When the grounding resistance at the fault point is great,
such a fault can be detected by checking the phase difference
of homopolar currents versus the homopolar voltage of the
medium voltage bars from the transformer station.

e When the grounding resistance at the point of the fault is
very small the phase difference mentioned above is near to
90°. This implies o very low active power and by consequence
the impossibility of using a wattmetric device in order to
establish the faulty line.

One of the solutions to the last two conclusions is the Fourier
analyze (to determine the harmonic content) of the homopolar
current, the richest being that one of the faulty line.

B. Mathematical modeling of double line to ground faults

B.1) Theoretical consideration

A double line-to-ground fault in a medium voltage power
network consists from two single line-to-ground faults which
occurs either on two different lines of the same transmission
line or on two lines of two different transmission lines. For

such a fault the nonsymmetrical elements interconnect two
different nodes (ay, by ) of the same symmetrical network with
the symmetrical network equivalent to earth, whose
parameters are zero. Such a fault is represented schematically
in Fig.13,[2,3,7,8,9, 10, 11, 12].
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Fig.13 - Double line-to-ground fault
For this fault type eq.(8) becomes:

{uem]s—pm]stM,L E]HU]} ®)

Igebl]s _Mm]s Bmm]s Bblbl]s Umbo]s

The voltages and the currents of nonsymmetrical elements
which interconnect symmetrical networks can be expressed as
follows:

Igal ]s _Mao]s =[;a1a0]s ‘[lalao]s ; Mbl ]s _Mbo]s :Embo]s ‘Umbo]s (9)
Assuming the earth potential to be zero, it follows that [Ug]s—
[Uaols = [Uauls, respectively [Ups] — [Upo]s = [Upils. As some
of the entries of impedance matrix [Zaa0]s and [Zpipo]s are
infinite, to compute the sequences we will proceed starting
from the phase voltages at the fault location.

Expanding eq.(8) we get:

Ueain =Y.ain + Zajam Lataon + Zaivin Lowon

U

Ueaid =Yaid + Zatatg Lataos T Zavig Loivod

U (10)

Ueaii =Y i + Zataii Lataoi + Zawwii Loivoi

Ueoin =Ypin + ZawinLataon + Zoioin Lowon

Uepia =Ysia + Zawia Lataos +Zowia Loivoo

U eoii =Ybii + Zain Lataoi + Zbibii Lowwoi
From the physical conditions which the current must satisfy at
the two fault locations, we get

Lataon = Lataos = Laraoi* Lowod =@l binon s Lowoi = Lonon (11
The voltages at the fault locations can be expressed in terms
of the symmetrical components as

Qal :!alh +Qald +!a1| :S;pllalaoh

(12)
Uy =Uyp+ azghld +aUp; =3Z 5 Lon

Equations (10), (11) and (12) yield the zero-sequence currents
at the fault locations:

Ly = Ug (Zblbm +2Z g +3Z 2 )*Qs (;alblh ~Z aibid )
(;alalh +2Z jja10 +3Z X;hlblh +2Z g +3Z 2 )_(;a]hlh ~Z aibid )2 (13)
Ly = Us (;alalh +2Z qja1g +3Z )‘QR(Zamlh ‘Zalhm)
(;alalh +2Z a0 +3Z X;blblh +2Z g +3Z )’@amm =Z aibid )2
Referring to Fig.14, the impedances in eq.(13) can be
expressed as follows:
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Fig.14 - Schematic diagram of a double line-to ground fault in a medium
voltage network
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The zero-sequence voltage on medium voltage substation bus
bars can be expressed as follows:

_ ;Ch(;hBPN +3;BC) (| ) +|bh)
—al =bl

Zen +Zgen +3Z5c

(15)
B.2) Numerical results

The results of the analysis were applied to a specific
distribution network whose schematic diagram is shown in
Fig.4. The sequence parameters of the network elements have
the following values [14-17]: Zne=Z1i=(0,1+2,1)Q;
Zppnn=(11+)28,5)€; Zcn=(12+)345)Q; Zpc=(2+j101)€;
Zy1=Zi=(44)3,5)Q; Zuin=(5,51j16,5)Q;  Ziai=Z12=Z1n=0;
Ur=11547 V; Us=(-5773,5-j10000)V; R,=(1; 10; 50; 100;
500; 1000)€2; R, €[0, 2000]€2.

The operating regime of the 20 kV network has been assumed
at resonance and the capacitive current of the network is 100
A. The first fault occurs at line L;, at a distance of 10 km
from the power station. The second fault occurs at the
beginning of line L, and therefore the sequence impedances

are zero.
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Fig.15 Fault current at first location (a;)  Fig.16 Fault current at second

location (b)

In Fig.15 and 16 are shown the dependence of the fault
currents as function of the fault resistance at location aj,
whereas the fault resistance at location b; is taken as a
parameter. As can be seen, the two currents do not differ
significantly so that in a first order approximation they can be
considered equal.

Fig. 17 shows the dependence of the zero-sequence voltage at
the output of the zero-sequence filter, as function of the fault
resistance at location a, . It follows that if at one fault location
the resistance is low (less than 10Q2) and at the other location
the resistance is high (greater than 500Q2), the fault can be

treated as a single-grounding fault. If at one location the
resistance is grater than 1000Q2 and at the other greater than
500Q, than the zero-sequence voltage decreases below 10 V.
Protective devices which senses zero-sequence voltage may
not be able to detect the fault due to this low value.
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Fig.17 Zero-sequence voltage at the Fig.18 Zero-sequence current for
output of the zero-sequence filter faults on the same transmission line

In Fig.18 the dependence of the zero-sequence current of the
faulty line is presented, assuming that both faults occur on the
same transmission line. In this case, if the line’s zero-sequence
is controlled, again exists the risk of not detecting the fault.
From the performed analysis, the most important conclusions
follow:

o the proposed network model allows to establish the way in
which various parameters influences the zero-sequence
voltage of the medium voltage bus bars, the fault currents, the
zero-sequence of the faulty lines and the compensation reactor
current;

o if the fault resistance at one location is less than 10 {2 and
at the other location the fault resistance is greater than 50002,
than the double-grounding can be treated as a single-
grounding low-resistance fault;

o if the fault resistances at both locations are greater than
500Q, than the zero-sequence voltage decreases below 15V;
such a low value may not be detected by the protective
devices;

o the value of the zero-sequence voltage is influenced by the
fault resistance in such a way that the greater the resistances of
the neutral-point and compensation reactors are, the greater
this influence is; the same is true for the influences of the
equivalent transversal conductance of the medium voltage
network;

e if both faults occurs on the same transmission line, than
the zero-sequence current of the line has a very low value
even if the fault currents are high; therefore, if the protective
device senses this current, there exists the risk of not
identifying the faulty line.

The proposed mathematical model allows an easy analysis of
double-grounding faults, no matter which quantity is chosen
as independent variable. Single-groundings may also be
analyzed with the proposed model by setting the fault
resistance at one location to infinity.

C. BZCD - 2 Digital protection block

C.1) Generalization

BZCD-2 digital protection block is for the medium voltage
networks with the neutral passed through the compensation
reactor and performs the following functions: automat
selective instantaneous and safe release of the medium voltage



line to metal simple groundings; automat selective
instantaneous and safe release of the medium voltage line to
double groundings. For assuring selective instantaneous and
safe release of the MT line to simple and double groundings,
BHAD-2 block comprises the following protections:
frequency homopolar directional protection marked PHD for
all simple groundings defects; homopolar current protection
marked PHA against double grounding defects. Protection
block contains a high computation speed performant
microcontroller, RISC architecture allowing parallel
programming, imposed by the phenomena analysis in real
time. Moreover upon elaborating the software it has been
considered that the number of instructions to be as small as
possible [13, 14].

C.2) Block description

In fig. 19 is shown the main chart of the block and the
connection mode in the protection charts.

BHAD -2

3 do wo i
a bioculul op BHAD-2 H

Fig. 19 Electrical chart of the protection block
Digital  protection blocks comprise the
subassemblies:
Frequency directional homopolar protection marked with
PHD in fig. 19, structured as follows:
e directional protection phase I, PD, (fig. 19) achieved from a
frequency current module determining the frequencies higher
than 50 Hz from the fault current, symbolized Maf, in fig. 19
(f, > 50 Hz), used for acknowledging simple grounding
defects by low transition resistance (under 10Q);
e directional protection phase II, PD, achieved from a
frequency watt metric module de frequency de 50 Hz
symbolized MWf{; in fig. 19 (f; = 50 Hz), determining the
homopolar current direction of the medium power lines, used
for acknowledging simple grounding defects by high
transition resistance (over 10Q).
e homopolar current protection marked with PHA in fig. 19
containing an current module, used for used for
acknowledging double grounding defects;
- optical signaling module marked with MSO-3 in fig. 19,
activated by PD;, PD, and PHA protections;
- the control module marked with MC in fig. 19 (1Dy),
transmits the control for sending the defect lines switcher
driving, by intermediary relay.
The above mentioned subassemblies are fitted in a box
provided with adequate bridging-over terminals which must
assure the connection of two conductors of 0.75 --- 2.5 smm
each to the section.

following

C.3) Protection block settings

5

Case I. Simple grounding defect in the medium voltage
network

When establishing the time settings for triggering PHD
frequency directional homopolar protection are considered the
following:

- The time necessary for blowing out the electric arc by the
compensation reactor t; = 0.4---0.5 s;

- The time necessary for triggering directional protection
stage [ PDy, t, = t; + At=(0.4---0.5) + 0.2 = 0.6---0.7 s;

- The time necessary for triggering directional protection
stage Il PD,, t; = t, + At=(0.6---0.7) + 0.5 =1.1---1.2 s.

When establishing the PD; and PD, protection triggering areas
are considered the role of these protections.

In all cases when a simple grounding defect occurs in the
medium voltage network, the homopolar voltage and current
from FHC and FHT filters activates the measuring mode
MATf, or MWT; which after the expiring of the prescribed time
performs the following operations: transmits the control for
MC control module and the command to release the MT line
switcher; transmits the command for memorizing the optical
signaling on MSO-3 module.

a) Case Il : A double grounding defect

When establishing the current settings for triggering PHAy
protection connected to FHC; filter (homopolar current filter
of Ly medium voltage line) are taken into consideration the
following: maximum value of the permittance current of Ly
medium voltage protected line (Ix max); @ safety coefficient
Ksig: 1.5.

C.4) Technical characteristic of the block

- Feed circuit of BHAD-2 block with operative voltage
(terminals 1-2 from fig. 19): Un =220 Vcc.
- Directional protection stage I PD; performed with frequency
current mode higher than 50 Hz MAf;;:
0 Graduated circle (terminals 3-4 from fig.19)
* In=5A, 50Hz
= Imax =50A, 50Hz
* Imin=10mA 150Hz
0 Time circuit
= Optionally adjustable time scale for the following
domain (0.2 --- 1 s)
= Time error to temperature variations within the
limits (-5°C --- +40°C) £5%
0 Triggering circuit
= Independent triggering terminals 7-8 from fig. 19,
shunted
= Exterior triggering is shunted terminals 7-8 from
fig. 19, by the preset element
- Directional protection stage II PD,
frequency watt metric mode of S0Hz MWfT;:
0 Graduated circle (terminals 3-4 for current and 5-6 for
voltage from fig. 19):
= Un=100V, 50Hz
» Umax =110V,50Hz Imax =50A, S0Hz
= Umin=1V, 50Hz Imin = 20mA, 50Hz
= Setting scale of the interior angle (represented in
polar coordinates)
e Corse setting: 0°, 45°,90°, 315%
o Fine setting: 5°, 10°, 45°.

performed with

In=5A, 50Hz



= The maximum sensitivity angle for the 20kV
network with BC (represented in polar coordinates) Qmax = -
10° corresponding to the 280° scale

= interior angle measuring error on temperature
variations (-5°C --- +40°C) £10%

= wattmetric module is not triggered at:

e U=100V 50Hz and I=0A
e U=0V 50Hz and I=50A
0 Time circuit

= Optionally adjustable time scale for the following
domain (0.5 --- 2.5 s)

= Time error to temperature variations within the
limits (-5°C --- +40°C) £5%
- Current homopolar protection achieved with current module
MA
0 Graduated circle (borne 3-4 from fig. 19)

* In=5A, 50HzImax =50A, 50Hz K, > 0,95

= Optionally adjustable current scale for the
following domain (0.2 --- 1A)

= error to measure temperature variations within the
limits (-5°C --- +40°C) £10%

0 Time circuit

= Optionally adjustable time scale for the following
domain (0.2 --- 1 s)

= time error at temperature variations within the
limits (-5°C --- +40°C) £5%

- Local signaling (within the block case) performed using
LEDs at PD,, PD,, PHA and MSO-3
- Optical signaling resetting requirements
O Automat at 220 Vcce feed voltage impulse
= LED verde la PHD and PHA
0 Manual by triggering a Bt, button fitted on the block
case for deactivating red LED (T, ,T, ,T3) at MSO-3
- Receiver circuit (with supplementary relay)
0 Three n.d. contacts
0 Rated voltage on contacts Un =220 Vcc
0 Currents on the terminals of the three contacts for n =
220 Vce
= On shutting off 10A on starting 0.4A on a
duration of 5A

C.5) Experimental determination

The presence of the compensation reactor in the primary
circuit of the medium voltage network induces a significant
decrease of the transitorial fault state, which produces great
problems concerning protection sensibility. The intervention
of the coil compensation current stabilizes a permanent fault
state with a zero-sequence current with a very low value
similar to the zero-sequence current measured in a normal
state.

This disadvantage can be removed by adding a new module
that controls higher frequency odd harmonics that are present
in the first part of the transitorial state. This control is made by
a so called “current harmonics module” was included as a
constituent part of the current harmonics and zero-sequence
power block BZCD 2, shown in Fig. 20.

6

The BZCD-2 protection block has been

in the 220/110/6 kV Pestis plant using

the scheme in Fig. 21, where:

- LES 6 kV PT Turn is connected to the
' ' second 6 kV line;

EIZgC2DO 2Pr°t°°“°n block_ The first 110/20 kV transformer is

connected to the first 6 kV line;
- The CTv 6 kV transverse busbar is connected;
- The 6 kV LEA PT Turn switch is connected to the second 6
kV line;
- The 6 kV LEA PT Turn phase is ready to perform a single
resistive grounding with values between 0,24 and 1 kQ;
- The other consumers are connected to the first 6 kV line;
- For recordings we will use a CDR oscilloperturbograph.
During the tests, the BZCD-2 protection block has also been
tested on the 6 kV PT Turn line, together with the maximum
zero-sequence current protection, RDT.
To analyze the behavior of the protection block, the following
single grounding tests have been performed for the 6 kV line:
- metallic grounding of a phase;
- grounding through the passing resistance R= 500 Q;
- grounding through the passing resistance R= 1000 Q.
Fig. 6.14 presents the electric scheme used for the Pestis plant
tests. The evolution of voltages and currents as well as the
transmission delay of triggering commands through the
BZCD-2 block is shown in Fig. 21-24.
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Fig. 21 Electric scheme used during the Pestis plant test
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Fig.22. Single phase gl:blinéiing R:= 1\060 Q, f.esqol;ar.l\ce tunin.g 'compenszition
coil
For compensation reactors with resonance tuning (I= 20 A),
and a passing resistance for the fault location R=1000 Q, one



can see that the zero-sequence fault current measured by the
current transformer of the 6 kV PT Turn line has a 1,635 A
value, or approximately 14% of the total current passing
through the BC compensation reactor. The current direction
(reverse in comparison to the coil) points to the fault line. One
can notice that the fault current does not entirely return on the
fault line, which clearly points to worn insulation on all
galvanic connection lines of the Pestis plant. Voltage on the
operating stages grows to 4,98 and 5,3 kV respectively. The
trlggerlng occurs at 0,44 s through the MW module.
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Fig.23. Single phase grounding w1th R= 1000 Q, and a 10% over-compensated
compensation reactor

For under-compensated compensation reactors (I=18,5A) with
a passing resistance at the fault location R=1000 Q, the zero-
sequence fault current measured by the current transformers of
the 6 kV PT Turn line has a 2,53 A value, that is
approximately 26,8% of the total current passing through the
BC compensation reactor. The current direction (reverse in
comparison to the coil) points to the fault line. Voltage on the
operating stages grows to 5,35 and 3,73 kV respectively. The
triggering occurs at 0,44 s through the MW module.
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Fig. 24. Single phase groundlng w1th R[ 1000 Q, and a 10% under—
compensated reactor

For resonance tuning compensation coils (I= 20 A), with a
passing resistance at the fault location R=500 Q, one can
notice that the zero-sequence fault current measured by the
current transformers of the 6 kV PT Turn line has a 1,94 A
value, that is approximately 10,9% of the total current passing
through the BC compensation reactor. The current direction
(reverse in comparison to the coil) points to the fault line.
Voltage on the operating stages grows to 5,52 and 5,6 kV
respectively. The triggering occurs at 0,5 s through the MW
module.
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Fig. 25. Slngle phase grounding with R=500 Q and a resonance tu.mng
compensation coil

For overcompensating tuned reactors (I=23,5 A), with a
passing resistance at the fault location R=500 Q, one can
notice that the zero-sequence fault current measured by the
current transformers of the 6 kV PT Turn line has a 2,64 A
value, that is approximately 13,5% of the total current passing
through the BC compensation reactor. The current direction
(reverse in comparison to the coil) points to the fault line.
Voltage on the operating stages grows to 5,1 and 5,79 kV
respectively. The triggering occurs at 0,5 s through the MW
module.
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Fig. 26. Single phase grounding with R=500 Q and a 10% over- compensated
coil

For under compensating tuned reactors, with a passing
resistance at the fault location R=500 Q (I=18 A), one can
notice that the zero-sequence fault current measured by the
current transformers of the 6 kV PT Turn line has a 2,05 A
value, that is approximately 11,5% of the total current passing
through the BC compensation reactor. The current direction
(reverse in comparison to the coil) points to the fault line.
Voltage on the operating stages grows to 5,33 and 5,71 kV
respectively. The triggering occurs at 0,5 s through the MW
module.

Fig. 27. Smgle phase groundmg w1th R‘ 500 Q and a10% under—
compensated reactor



For compensation reactors with resonance tuning (I=20 A)
and a passing resistance for the fault location R=0 €, one can
see that the zero-sequence fault current measured by the
current transformer of the 6 kV PT Turn line has a 2,28 A
value, or approximately 8,7% of the total current passing
through the BC compensation reactor. The current direction
(reverse in comparison to the coil) points to the fault line.
Voltage on the operating stages grows to 6,15 and 6,22 kV
respectively. The triggering occurs at 0,3 s through the MAa
module, due to the transitorial state of the first semi-period.

L] ittt

Fig. 28. Single phase grounding R=0 Q, resonance tuning compensation
reactor

For over-compensated tuning reactors (I=23,5 A), with a
passing resistance at the fault location R=0 Q, one can see
that the zero-sequence fault current measured by the current
transformers of the 6 kV PT Turn line has a 2,2 A value, that
is approximately 8,2 % of the total current passing through the
BC compensation reactor. The current direction (reverse in
comparison to the coil) points to the fault line. Voltage on the
operating stages grows to 6,16 and 6,24 kV respectively. The
triggering occurs at 0,3.
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Fig. 29. Single pHas;: grolurlldilng R(:IO Q, .arlld ;1 10% Iover-cérﬁpénslaféd ccl)il .
For under-compensated tuning reactors (I=18,5A), with a
passing resistance at the fault location R=0 Q, one can see
that the zero-sequence fault current measured by the current
transformers of the 6 kV PT Turn line has a 2,5 A value, that
is approximately 10,9% of the total current passing through
the BC compensation reactor. The current direction (reverse in
comparison to the coil) points to the fault line. Voltage on the
operating stages grows to 6,15 and 6,2 kV respectively. The
triggering occurs at 0,3 s through the MAa module.

The recorded oscillograms show the following:

- the total network permittance current has a value of Y I¢

=20 A.

- for the metallic grounding of a phase over voltage on the

operating phases grows by «/5 times;

- during all phase grounding tests, the protection
mechanisms of the BZCD-2 block sent the triggering
command according to the adjustment calculated by t=0,3-0,5
s.
It is therefore noted that the new BZCD-2 protection block
operates correctly in all cases, which proves the selectivity
and safety of its protections. They act as they were designed
to, both on thg E}armonics and on the power segment.
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Fig. 30. Single phase grounding with R=0 Q, and a 10% under-compensate
reactor

D) Conclusions

The main conclusions resulting from the study are the
following:

e The parameters intervening in the electrical chart
equivalent to a medium voltage power network, as well as
their values, depended mainly on the aging state of the
insulation.

e On a medium voltage power network with aged insulation
(angle of high value losses) cross conductibility becomes
important (cannot be neglected anymore) due to resonance
state is difficult to establish and the value of the value of the
homopolar impedance decreases significantly even though the
resonance state was achieved.

e A simple grounding defect low value transition resistance
(under 10Q) can be selectively acknowledge from the content
of the harmonic module of the fault current.

e The content of the fault current harmonic decreases
instantly when the value of the fault location resistance
increases which is why the acknowledgement of a simple
grounding by high transition resistance can be achieved
selectively by controlling the direction of the homopolar
currents afferent to the medium voltage lines connected to the
same bars system.

e A double grounding defect and in case of a transition
resistance to one of the defect locations or in both high value
defect locations can be selectively acknowledged by
controlling the value of the homopolar current of the medium
voltage lines connected to the same bars system.

e BZCD - 2 digital protection blocks contains the
protections necessary for selective acknowledgment of simple
and double groundings. Due to high sensitivity it allows the
acknowledgment of these defects in difficult defect



conditions, which represents an important step regarding the
possibility to detect these defects.

e The experimental verifications performed on the real
medium voltage power networks have proved that the
elements considered when designing and achieving the digital
protection block BZCD — 2 were correct.

o All the defects caused in the experimental sector achieved
(Pestis transformer plant) have been acknowledged correctly
by the digital protection block BZCD — 2.

From the subjects presented above results that the digital
protection block BZCD — 2 offers the possibility of simple and
double grounding selective acknowledgement in medium
voltage power networks. By equipping the protection
installations afferent to the medium voltage lines with the
mentioned block is solved one of the problems which
represented the concern of a large number of electro-energetic
researchers.
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