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Y pasi kopoTkux 3aMHKaHb, fIKi 0COGJHBO BA’KKO BH3HAYNTH, epeKTHBHICTH poOOTH
3aXHCTIB MOKHA MNOKPAIIHTH BHKOPHUCTAHHAM HecCTilikux 3amMukaHnb Ha 3emunio. Hecridiki
3aMHKaHHS B PO3NOJLILHUX MepeXaX cepelHbOI HANPYIH YACTO He PeecTPYIOThCH 3BHYAliHHMH
3aXHCTAMH Bil 3aMAKAHb HA 3eMJII0, i SIK HACHIAOK, He MOKYTh OyTH ycyHeHi. Ilix gac Takmx
3aMHKAaHb TeHEPYIOThCH HeCTANiOHAPHI MepioaH4YHi CHrHAJIM BUMIpIOBaHHA. 3IIaUKyBaHHSA
CHTHAJIYy, HANPUKJIAA, ycepeAHeHHsIM il B MekaxX BiNOBiIHOro iHTepBaJy, NPHU3BOAUTH [0
3HUKEHHS] BeJIMYMHHM HHUKYe Bill 3HAYEHHS YCTABKH CHPALIOBAHHA i Tpaauuilina OiHapHa Jiorika
(rak/Hi — 3aMAKAHHA/BIACYTHICTb 3aMHKAHHS) UISl peecTpamii 3aMHKAHHS He € HATIHOI.
Heuitka sorika npaimioe TyT kpamie. B po6oTi 3anponoHoBaHo 3aXHCT HA OCHOBI HEYIiTKOI JIOTIKH.

In the case of faults which are especially ‘difficult’ to detect, the effectiveness of the operation
of protections can be improved using fuzzy logic. It refers mainly to the intermittent earth faults. The
intermittent faults in the MV distribution grids are often unnoticed by the conventional earth fault
protections and, consequently, are not eliminated. In such faults, the periodically non-stationary
measuring signals are generated. By smoothing the waveform, for example by averaging it within an
appropriate interval, the criterion value falls below the start-up value and the fault discrimination
using traditional binary logic (true/false — fault/ lack of fault) is not ensured. The fuzzy logic fits here
better. In the work, the protection with fuzzy decision system is proposed.

Introduction. Effectiveness of elimination of disturbances by protections depends strongly on
propriety of distinction between the normal operating conditions and the emergency conditions like a
fault. It is lied with description of the position of the decision vector’s trajectory within one of two regions
corresponding to these conditions. In this simple two-value ( binary) logic, the position of decision vector
must be unambiguously assigned to the one of two possible regions: the region of the object’'s normal
operation and the faulty operation’s one.
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The binary logic adequate to the standard decision characteristics may not be straightforwardly
applied when a third decision region (i.e. uncertainty region) occurs [5]; it could lead to either to some
unneeded operations or the missing operations (non-operations needed) [2—4], the latter being especially
dangerous. The uncertainty region, if any, decreases often as the transient decays. In such cases, the
introduction of time delays enabling to ‘wait through’ the fault transient is sufficient to limit the number of
incorrect operations of protections. Such approach is not allowed for faults which must be eliminated
quickly or is inefficient if the uncertainty region occurs during the fault duration. In such cases, the fuzzy
sets’ theory can provide a good tool for synthesis of the protective algorithms. In the paper, the
disturbances are discussed during which the signals are hardly deformed by the high order harmonics and,
consequently, the criterion values of protections found referring to these signals become ambiguous. The
single-phase intermittent earth faults in the grid with small earth faults current have been considered as
representative one. This type of faults is relatively frequent and its detection makes troubles [4]. A new
protective algorithm using the fuzzy logic-based detection system is presented.

Measuring signals.For analysis of faults with highly deformed measuring signals, two types of the
intermittent earth faults recorded in the true grid been chosen. In Fig.1 the phase voltages during non-
detected intermittent fault with an 8 sec decay is shown. In this figure, the mechanism of formation of
intermittent earth faults can be tracked. After each individual fault's decay ( for example, after the arc
snuff out at the fault location), the restoring voltage of damaged phase reaches the critical value of the arc
restrike (point A or B — Fig.1) and the arc extinguishes in some periods; then the process is repeated
periodically with relatively high cadence.

30000 30000

A
L
3SR AR RA R R

I
A A

-30000 -30000
11001 2001 3001 4001 5001 6001 7001 &001 G001 11001 2001 3001 4001 5001 6001 7001 8001 9001

a) b)

20000 4 20000

10000

1]

-10000 -10000

-20000 -20000

30000 20000

15000

20000

10000 A

5000 F\ /
AN AN TENA

o L LT NV AT Vi
| Y

10000

0

-10000

20000 \ } ! \/ \
-10000 u
30000 B
- -15000
0 1000 2000 3000 4000 5000 G000 7000 8OO0 9000 0100 200 300 400 500 600 TOO 800 900
c) d)

Fig. 1.Voltage waveforms (UL1 — a, UL2 — b, UL3 — c) during intermittent earth fault which decays
spontaneously after. 8 s; zoom of section of the phase voltage UL3 -d

Typical earth fault protections in the Polish compensated distribution grids can operate basing on the
directional or directionless admittance criterion (conductance criterion). To implement such protections,
the signals which are the linear combinations of the zero voltage compdpeand zero current
component, in the individual lines are used. For instance, the signals described by formulas (1) are used
in the conductance criterion:
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Sx = ‘mUOx + nlOy‘

%x = ‘mUOx - nle
where x — sample’s number, m — weight coefficient for the voltage samples, n — weight coefficient for the
current samples.

The decision on the operation of the protections can be taken referring to the comparison of the
specially filtered values of the start-up signals with the setting values. Denoting the start-up v&lues by
(pick-up value) and the setting values By, the start-up conditions for the conductance criterion can be
expressed by the following relationship:

However, this classic approach can be ineffective as to the intermittent earth fault. Such a case is

shown in Fig. 2 in which the waveforms of the instant conductance values measured by the protection
during faults are presented.

(1)
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Fig. 2. Instantaneous value of conductance of the damaged (G01) and healthy (G02) lines;
Sv — setting value of protection

During the intermittent faults, there are only some instants when the value of the damaged line
conductance exceeds the start-up val8®); {n intervals between consecutive faults, the value is close to
the healthy line conductance; thus, a typical uncertaity region has occured. In result, the proper detection
and localization of the fault can become impossible. A degree of the measuring signals deformation is so
high that the filtration of useful signals does not improve the situation sufficiently.

The non-detected intermittent fault can turn into more dangerous inter-phase fault. The phase
voltage waveform during entire complex disturbance is presented in Fig. 3. Three characteristic sections
have been separated from the entire distrurbance process:

— single-phase intermittent fault of the phase L1 (sector A),

— single-phase permanent fault of the phase L1 ( sector B),

— two-phase earth fault of the phases UL1 — UL.2 (sector C).

The fault being a single-phase intermittent at the beginning turns into the single-phase permanent
fault and, finally, becomes the two-phase one. Not but the latter has been ‘perceived’ by the protective
automatic and then eliminated. The total fault duration time is of about 5 seconds.

In Fig. 4, the zero components of the network voltage and current in the damaged line are shown.

However, the modern microprocessor technics offer wide variety of opportunities to create more nad
more sophisticated algorithms mining necessary information hidden within the measuring signals [1]. Below,
the algorithms referring to the logic other then that adapted in the clsassic admittance criterions are presented.

Fuzzy logic-based algorithm Before the fuzzy-logic-based protective algoritm is applied, the
measuring signals shown in Fig. 1 are to be formed properly.

To discriminate the damaged line, the characteristic process’ marks related to the intermittent faults
are used. To emphasize these marks, the measuring signals are pre-processed by computing the following
criterion value:
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0
The value is proportional to the phase angle of the zero line admittance. The integrationtfrasrval

well as the integration method are arbitrary.
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Fig. 3. Voltage waveforms during the intermittent earth fault which turns into
the two-phase fault after 3.8 seconds
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Fig. 4. Zero voltage component (U0) and zero current component (101) in damaged line

For the real-time algorithms, the filtration process with the zero-order Walsh filter is recommended.
Regarding the allowable time delay (some seconds) for this protection type, there are no special restrictions
as to the measuring window length. The recommended length of the witilomay fall into 20—60 milisec.

The integrand (3) takes values + 1.

An example of the signal processing path structure is shown in Fig. 5. The places the signals
presented in figures 6 and 7 come from are denoted by numbers 1, 2, 3 and 4. The zero components of
voltages and currents for the individual lines (waveforms separated A, B and C section are shown in Fig. 6)
are applied to the measuring path input (point 1).
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Fig. 5. Structure of Signal processing path

After having processed the input signals according to the procedure (3), the criterioQ,vadue
obtained (point 2 — Fig. 5). On the criterion valde obtained that way the fuzzification process is carried
out (point 3 — Fig. 5) and the assessment is made to state to what extent the fuzzed criterion value ‘belongs’
to the emergency conditions’ region limited by the fuzzy setting value (FSv). From the fuzzification
process, the affiliation coefficieptis obtained. The run of the affiliation coefficient forms a base for the
defuzzification resulting in the decision — the binary signal (BS) is transmitted to the final control element
of the system protection.
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Fig. 6. Voltage and current zero components for separatesl
andC sectors of complex disturbance; Fig. 4, p. 1

Fig. 7. Measuring signal time waveforms at the points 2 of measuring path (seeFig. 5)
for separated?, B andC sectors; a — healthy lines, b — damaged line

The implemented method of defuzzyfication is capable to:

i — identify a healthy linew(= 0, BS = 0 for every presented case — fig.8. rows al and a2,
sectors A, B and C),

i — detect the line with permanent fauylt£ 1 fig.8, rows bl and b2, sectors B and C),

24

Lviv Polytechnic National University Institutional Repository http://ena.lp.edu.ua



iii — identify the line with intermittent earth faulf ©vercomes the starting limit for
majority of samples — fig.8, rows bl and b2, sector A).

FSv FSv

1 1
a2 BS‘ BS=0 ‘ BS‘ BS=0 BS BS=0

Fig. 8. Affiliation coefficienft ( points 3 of measuring path — Fig. 5) and the binary sigal
(points 4 of measuring path — Fig. 5) for separated andC sector;
al, a2 — healthy lines; b1, b2 — damaged line

Final remarks. The reported cases of intermittent earth faults and the accompanying basic
measuring signals indicate that the detection of these faults as well as the damaged line discrimination can
be difficult for conventional earth fault protections.

The feature of the intermittent earth faults is the periodically repeated transient leading to the
periodical changes in the measuring signals. In the cadence of the changes, the criterion values of
protections decrease below the start-up protective values; in result, the distinction between the damaged
and healthy lines makes troubles and can lead to missing operation or erroneous interpretation of the
disturbance by the existing protections. A number of the faults which can not be indicated precisely decays
spontaneously and is, in general, not considered in the statistical data concerning the unreliability of the
MV grids. Another risk related to the missing detection of the arc intermittent fault is that, due to the earth
fault over-voltages, the latter turns into the inter-phase fault resulting mostly in the indelible damage of
insulation.

In such cases, the implementation of unconventional criterions for the fault detection purpose can be
expedient. One solution is to apply the fuzzy logic —based decision algorithm for the damaged line
discrimination regarding the ambiguity (fuzziness) of measuring signals during the disturbance. The true
technical cases have been discussed, representative to the entire category of faults. In effect, an important
improvement in the operation selectivity of protections has been achieved. Apart from the simulation tests
[6], the true measuring signals have been applied in the proposed solution and, consequently, the true
operating conditions of the MV grid have been considered. Thus, the approach is valuable for application. .
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BukianeHo pe3yJbTaTH KOMI IOTEPHOT0 CHMYJIIOBAHHS PEKHMIB POOOTH 3aXHCTy Bil
Mepe:xki cepennboi Hanpyru. HIBmaka omiHka mUX peXHMIB MOKe OyTH MeTOI0 OGUHCIIIO-
BaabHOl cucremd KSAZ, po3pobienoi incrutyrom esekrpoeHepreruku I[lo3HancbKol
noJiiTexHiku. Pe3yJbTaTu J0C/IiIKeHbh MOKHA NMOKA3ATH Pi3HHMH cmocobammu. Y miii crarri
pe3yabTATH MOAAHO Y KOMILIEKCHIH MJIOIHHI.

In this paper, the computer simulation results of operating conditions of the medium voltage
(MV) network earth-fault protection are presented. A fast on-line assessment of these conditions
can be aided by the computing system KSAZ (Protection Analysis Computer System) developed in
the Institute of Electric Power Engineering, Pozna University of Technology. The results of
research can be shown in a few ways. In the paper the results on the complex plane are presented.

Introduction. A large quantity of high-resistance faults in overhead lines, different ways of neutral
point grounding in rural MV networks, low level of decisive signals, are only few reasons which caused
the development of new earth fault protections [1, 2, 3]. In Polish Elecrical Power Distributions, relays
based on admittance criteria turned out to be most effective ones [4]. The software package KSAZ [5,6]
became the tool enabling the appropriate choice and correct settings of the earth fault protections. In
Fig. 1. the structure of the KSAZ program is shown.

EARTH FALULT

CRITERIONS
RELAYS
lL DATABASE
DATABASE—— KSAZ :DASSESSMENTE:)SETTINGS

MY NETWORK

and
DISTURBANCES

MODELS

Fig. 1. Block diagram of the system KSAZ

In order to analyse the phenomena accompanying the earth-faults MV network model and the
disturbances model were created. The scheme of the compensated network is shown in Fig. 2. Among
others, earth-fault capacitancesy)(@nd conductances ¢ fault point resistance @R zero-sequence
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