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Analysis of the effectiveness of relative methods
for power cable fault detection

Evgenii V. Zhilin%, Daniil D. Levin®~
12University of Science and Technology MISIS, Moscow, Russia

Abstract. The aim is to evaluate the effectiveness of relative methods used to locate faults of 6-10 kV power
cables operated at an industrial enterprise. To achieve this goal, the reflectograms obtained on damaged power
lines were compared with the reference ones. The research object is represented by three 6-10 kV power cables
with paper-oil insulation, 900-3000 m long, and with a service life of more than 30 years. The type of damage to all
power lines was a single-phase creeping discharge. The study employed various methods (TDR, ARC, ICE/Decay) to
locate faults in the lines and the test rigs. The equipment used to detect cable fault locations included a REIS-305
reflectometer, a GVI 24.30001DM high-voltage pulse generator, and a SDC50 current sensor. Multiple soundings of
the power lines under study were performed to obtain reflectograms containing information about the distance to
the fault location. As a result of the conducted research, varying in informativeness reflectograms of power cables
were taken. We managed to select the true ones from them. Serious discrepancies in the shape of the displayed
sounding pulse in the reflectograms were identified in comparison with the reference ones given in relevant tech-
nical literature. The article highlights issues concerning the application of the ARC method. The challenges consist
in the breakdown voltage limitation at the cable faults. Each cable fault is shown to have its own characteristics.
However, their causes are difficult to identify since it is impossible to establish the process of and the prerequisites
for electric current passage when a short circuit arises. Drawing on the results of the undertaken study, a recom-
mended algorithm was developed to determine the distance to the location of a power cable fault. However, due
to the small amount of scientific research on this subject matter, no absolutely universal approach to this problem
exists at present; its creation requires further investigation.
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JQHEPTETUKA

HayuHas ctatbs
YAK 621.315

AHanu3 3pPeKTUBHOCTU OTHOCUTEABHbIX METOAOB
NOUCKa NOBPEXAEHUU KabeAbHbIX AMHUH

E.B. )Xuaun?, A.A. NéBun-
12YnuBepcutet Hayku u TexHorormii MMCUC, Mocksa, Poccusi

Pe3rome. Llenb - oLeHUTb 9PHEKTUBHOCTb NPUMEHEHUA OTHOCUTEALHbBIX METOAOB ONMPEAEAEHUS MECT NOBPEXAE-
HUIM KabeAbHbIX AMHKI 6/10 KB, aKcnAyaTUpyeMbIX Ha MPOMbILUAEHHOM NPEANPUSATUN, HA OCHOBE CPaBHEHUA PpedAEK-
TOrpamMm, NMOAYYEHHbIX Ha NMOBPEXAEHHbIX KABEAbHbIX AMHUAX, C 3TAAOHHbIMUW. OObEKTOM UCCAEAOBAHUST CAYXXUAWU TPU
KabeAbHble AMHKUK 6/10 KB ¢ BymaxKHO-MacAAHOM n3oaaumein aanHon 900-3000 M 1 Co CPOKOM aKenAyaTaumm boree
30 AeT. Tvn NoBpexAeHUs Bcex KabeAbHbIX AMHWIA — OAHOGA3HbIN 3anAbiBatoLWMii Npoboit. B paboTe MCnoAb30BaAUCh
pa3AMUHbIE METOABI MOMCKa MECT NMOBPEXAEHWUN AMHWIA U NPUMEHAEMbIX UCMbITATEAbHbIX YCTAHOBOK: UMMYABCHbIN,
MMMYAbCHO-AYFOBOW, METOA KOAeDATEABHOTO pa3psiaa No TOKy. B kauecTBe 060pyAOBaHMA AASI TOMCKA MECT NOBPEXAE-
HUI BbicTynaAn pedaektometp PEMC-305, yaapHas yctaHoska [BU 24.3000MAM 1 npUcoeAnHUTEABHOE YCTPOMCTBO
no Toky SDC50. Mpon3BOANAUCE MHOTOKPATHbIE 30HAMPOBAHUSA UCCAEAYEMbIX KADEABHBIX AMHUI C LLEAbIO MOAYYEHUSA
pedaekTorpamMmm, UMerLLMX UHGOPMAaLMIO O PACCTOAHUK AO MECTa NOBPEXAEHUA. B pedyabtate NpoBeAEHHbIX UCCAe-
AOBaHWI BbIAK CHATbI pedAeKTOrpaMMbl KaBeAbHbIX AMHUI Pa3AMUHON MHGOPMALMOHHOM LLEHHOCTH, CPEAN KOTOPbIX
yAaAOCb 0TOBpaTh UCTMHHbIE. BbISBAEHbI CEPbE3HbIE PACXOXAEHMA B GOpMe 0TobpaxaemMoro 30HAUPYHOLLETO MMMYAb-
ca B pebAeKTorpaMmax rno CPaBHEHWIO C 3TAAOHHbIMU, MPUBEAEHHBIMW B TEXHUUYECKON AUTepaType. OTMeueHbl Npo-
6AeMbl NP MPUMEHEHMUU UMIMYABCHO-AYTOBOIO METOAQ, 3aKAKUAIOLLIMECA B OFPaHMUYEHMU NO HAaNpPsXeHuto npobos B
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MecTe NoBpPexXAeHUs. TakKe NnokasaHo, UTo KaxAoe MEeCTO NOBPEXAEHMA UMEET CBOM 0COOEHHOCTU, MPUUKHBI KOTO-
pbIX ABAAIOTCA CAOXHOBbBISIBASIEMbIMU BBUAY HEBO3MOXHOCTHU YCTAHOBWUTb NPOLIECC U NPEANOCHIAKK MPOTEKAHMA TOKa
B MOMEHT BO3HUKHOBEHWSI KOPOTKOIO 3aMblkaHus. [1o pe3yAbTaTamM NPOBEAEHHbIX UCCAEAOBAHUI BblA COCTABAEH
PEKOMEHAYEMbIN aATOPUTM AEWCTBUI NPU ONpeAeneHnr PAcCTOAHWKU A0 MecTa NoBpeXAeHUs KabeAbHOM AnHKUK. OA-
HaKo BBMAY MaAOrO KOAMUYECTBA HayYHO-UCCAEAOBATEABCKMX PAboT NO AQHHOM TeMaTHKe abCOAKOTHO YHUMBEPCAALHOMO
NMOAXOA3 K OMPEAEAEHUIO MECT NOBPEXAEHUA KaBEAbHbIX AUHWUIA B HACTOALLIMIA MOMEHT He CYLLECTBYET, U ero co3paHue

TpebyeT NoBEAEHUA AGAbHENLLNX UCCAEAOBAHUA.

KAroueBble cAoBa: ONpeAeneHe MecTa NOBPEeXAeHUs, kabeAbHasa AMHKUA, pedAeKTOMETP, pedAeKTorpamMmma, 3a-

nAbiBatoLWwmii npobor, TDR, ICM, ARM

Ans untupoBaHusa: XuanH E.B., AéBuH A.A. AHaAN3 3PPEKTUBHOCTU OTHOCUTEABHbBIX METOAOB MOUCKA MOBPEXAE-
HUIM KabeAbHbIX AMHKI // iPolytech Journal. 2025. T. 29. Ne 3. C. 363-375. (In Eng.). https://doi.org/10.21285/1814-

3520-2025-3-363-375. EDN: MCXLIB.

INTRODUCTION

One of the key issues in the operation of pow-
er cable lines (CL) is locating faults [1]. Currenti
ly, in the Russian Federation, the personnel of
electrotechnical testing laboratories (ETL) use a
specific set of absolute and relative methods to
locate faults in CL [2]. When analyzing the conW
figurations of modern mobile ETLs, as well as
the market for fault location devices, it can be
concluded that the relative method of impulse
reflectometry is gaining popularity, while a num-
ber of methods such as the loop and capacitive
methods are used extremely rarely or not used
at all [3, 4]. Modern reflectometers are technis
cally sophisticated devices that combine sever-
al methods for fault location in cable lines (CL)
[5]. At the same time, ongoing improvements
are being made in the methodology [6, 7], techn
nology [8, 9], equipment [10, 11], and mathe]
matical frameworks [12-14] methods used for
fault location techniques. However, the primary
method for identifying the fault zone in 6-10
kV CL remains the use of a reflectometer that
implements the following techniques: Time-Do-
main Reflectometry (TDR), Impulse Current
Method (ICM), Voltage Decay Method (Decay),
and Arc Reflection Method (ARM) [4, 15]. The
relevance of this study lies in the fact that cur-
rent research scarcely addresses the problem

of the analysis of reflectograms for the relative
determination of fault locations in operational
CLs. Therefore, the aim of this study is to evalu-
ate the efficiency of fault zone locating methods
using 6-10 kV CL in operation at an urban in-
dustrial enterprise.

METHODS

The methods for determining the distance
from the measurement point to the fault loca-
tion are called relative methods. Relative meth-
ods do not guarantee high accuracy in pinpoint-
ing the fault location. However, they indicate the
zone where the fault exists and enable the use
of absolute methods within this zone. Absolute
methods are those by which the fault location
can be determined directly [2].

The paper considers reflectograms obtained
using the following relative methods: TDR?,
ICM®°, ARMS. Relative methods for fault location
are ways to determine the so-called fault zone.
Their essence lies in determining the approxi-
mate distance to the fault in the cable line by
connecting the instrument at one end of the
line. Once the approximate fault zone is known,
acoustic fault location techniques are applied
within that zone. Preliminary identification of the
fault zone is critically important, since 6-10 kV
CL can be very long [15-22].

SRD 34.20.516-90. Guidelines for locating faults in power cables with voltage up to 10 kV. Moscow: ORGRES; 1991, 41 p. / PA
34.20.516-90. MeToapMUECKMEe YKa3aHWs Mo ONPEAENEHUIO MECTa NOBPEXAEHUA CUAOBbIX kKabeAer HanpsxeHuem po 10 kB. M.:

OPrP3aC, 1991. 41 c.

“Time-domain reflectometry (TDR) method. Theoretical foundations. Available from: https://www.ersted.ru/stati/reflektometrija/
osnovyi-reflektometrii/ [Accessed 1st March 2025] / Metoa umnyabcHom pedaektometpum (TDR). TeopeTryeckre 0CHOBbI. Pexum
poctyna: https://www.ersted.ru/stati/reflektometrija/osnovyi-reflektometrii/ (aata obpatierns: 01.03.2025).

5 Impulse current method (ICE/Decay) for detecting high-resistance faults. Available from: https://www.ersted.ru/stati/reflekto-
metrija/metod-kolebatelnogo-razryada-ice-decay-opredeleniya-vyisokoomnyih-povrezhdeniy/ [Accessed 1st March 2025] / Metoa
konebatenbHoro paspsipa (ICE/Decay) onpeAeneHrst BbICOKOOMHBIX MOBPEXAEHUI. Pexium pocTyna: https://www.ersted.ru/stati/re-
flektometrija/metod-kolebatelnogo-razryada-ice-decay-opredeleniya-vyisokoomnyih-povrezhdeniy/ (aata obpatueHus: 01.03.2025).
SArc reflection method (ARM) for detecting high-resistance faults. Available from: https://www.ersted.ru/stati/reflektometrija/vy-
isokoomnyiy-defekt/ [Accessed 1st March 2025] / MmnyabcHO-ayroBow metoa (ARM) onpeaeneHusi BoICOKOOMHbIX MOBPEXAEHUI.
Pexwum poctyna: https://www.ersted.ru/stati/reflektometrija/vyisokoomnyiy-defekt/ (aata obpatueHns: 01.03.2025).
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The object of study comprises three 10 kV
CL with isolated neutral and paper oil insula-
tion at a large enterprise located within an ur-
ban area of a metropolis. Cable lengths range
from 900 m to 3000 m (Table).

All faults are single phase creeping dis-
charges to ground, with transition resistance
ranging from hundreds of kQ to tens of MQ and
discharge voltages of 5-10 kV. These cable
lines have been in service for over 30 years,
which, according to GOST standards, exceeds
the minimum service life’.

The equipment used for fault location in-
cluded GVI 24.3000IDM units, the SDC50
current connection device, and the REIS 305
reflectometer. Connection diagrams for each

CL characteristics
Xapakrepuctukm CL

method and sample reflectograms are shown
in Figs 1-3. For analysis and annotation of the
reflectograms, we introduce a common mark-
ing to indicate pulse deviations: cursor O (the
line start in ARM and TDR, and the start of the
oscillatory interval in ICM) is marked by a green
rhombus; cursor 1 (the fault location in ARM
and TDR, and the end of the oscillatory interval
in ICM) is marked by a red square; and the end
of the cable line is marked by a blue circle.

TDR is the probing the CL with voltage puls-
es from the reflectometer, followed by receiv-
ing pulses reflected from the fault location and
inhomogeneities in characteristic impedance,
and determining the distance to the fault on
the obtained reflectogram.
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Fig. 1. Connection diagram and reflectogram of the TDR method

Puc. 1. Cxema noakaroueHus u pepaektorpamma TDR meToaa

TGOST 18410-73. Power cables with impregnated paper insulation. Specifications. Introduced on January,1 1975 (replacing GOST 340-
59, GOST 6515-55). Moscow: Publishing House of Standards, 1998. / TOCT 18410-73. KabeAv CHAOBbIE C MPOMUTAHHOW ByMaxHO
usonsiumen. TexHnueckue yerosusi. Beea. 01.01.1975 (s3ameH FOCT 340-59, FOCT 6515-55.). M.: U3a-Bo ctaHaapToB, 1998.
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A splice is displayed by alternating negative
(down) and positive (up) pulse polarity (time
tm). A short circuit is displayed by a negative
polarity pulse (time tx). The end of the line or
an “open circuit” type defect is displayed by a
positive polarity pulse (time tx). Only the REIS-
305 is used for the implementation of this
method.

ICM is a method when a discharge caused
by a surge generator induces an oscillatory dis-
charge process (decaying wave process). The
device records these oscillations and outputs
a current waveform (hereafter referred to as
reflectograms in the text). The distance is mea-
sured between characteristic downward drops
of the impulse, which represent the period of

ISSN 2782-6341 (online)

the oscillatory process. Methodological guide-
lines recommend using the second period —
between the second (green rhombus in Fig. 2)
and third (red square in Fig. 2) downward
drops. This interval reflects the distance to the
damage location. This method employs the
GVI-24.3000IDM in standard acoustic mode,
the SDC50 current connection device, and the
REIS-305 reflectometer.

ARM is a method when a discharge in-
duced by a surge generator creates an electri-
cal arc at the cable fault, the low impedance
of which reflects the device probing impulse
analogous to TDR. The method also involves
comparing the reflectogram obtained by
conventional TDR before the discharge with

R
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Fig. 2. Connection diagram and reflectogram for the ICM method: a - connection diagram; b - reflectogram
Puc. 2. Cxema noakaroHdeHns u pepaektorpamma ICM metoaa: a — cxema NoAKAIOYEHUST; b - peprekTorpamma
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Fig. 3. Connection diagram and reflectogram for the ARM method: a - connection diagram; b - reflectogram
Puc. 3. Cxema noakaroueHus u pepaektorpaMmma ARM meToaa: a - CXxema NMOAKAIOYEHUS; b - pepaekTorpaMmma

the ARM reflectogram after the discharge,
both displayed simultaneously on the device
screen. The fault location is identified by the
characteristic significant downward deflec-
tion of the pulse (red square in Fig. 3) relative
to the pre discharge reflectogram. Because
the arc extinguishes rapidly, an arc-sustaining
choke is used as part of the surge generator
to allow it to be detected by the probing sig-
nal. This method is implemented using a GVI
24.3000IDM unit in impulse arc mode and
the REIS 305 reflectometer.

One feature of the REIS 305 in ARM mode
is the ability to probe the CL with multiple puls-
es (up to ten), each with configurable start
times and inter-pulse intervals.

https://ipolytech.elpub.ru

Currently, ARM has become the predomi-
nant fault zone locating method due to its sim-
plicity and high accuracy [16].

RESULTS

TDR on all investigated cable lines did not
produce reflectograms that allowed determi-
nation of the distance to the fault location,
which is due to high transition resistance and
a large number of inhomogeneities in the CL.

On the first cable line (CL No.1), it was not
possible to achieve a stable, readable reflec-
togram when working in ARM mode (Fig. 4),
which shows two impulses - ARM and TDR re-
spectively. Adjustments to signal gain and vary-
ing the timing intervals of the probing pulses
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(measurements) also did not yield results. One
of the conditions for confirming the validity of
a reflectogram when working with this meth-
od is its multiple repetition during a series of
discharges at the fault location. Besides the
absence of a characteristic strong impulse
reflection with negative polarity, a compara-
ble positive polarity impulse can also be ob-
served, as well as a series of inhomogeneities
at the beginning of the line. It is impossible

i A ) fl P &

Fig. 4. Reflectogram when using ARM on CL No. 1

Puc. 4. Peprextorpamma npu ncronb3oBaHum ARM Ha CL Ne 1

MELUR KUUIED.

Fig. 5. Reflectogram when using ICM on CL No. 1
Puc. 5. Pejprektorpamma npu mcrnoab3oBaHum ICM Ha CL Ne 1

A ] a1 =] el

ISSN 2782-6341 (online)

to interpret this reflectogram unambiguously,
so it was decided to utilize the ICM method;
a stable, readable reflectogram was obtained
through a series of discharges (Fig. 5).

It is worth noting that the appearance of
the reflectogram differs significantly from the
one provided in the device operating manu-
al - downward peaks are followed by upward
peaks®. However, considering the distinct
downward drops at the location of the green

BHUTFOH

L

Tao=1
JO=1. vl SOte ©

SLIEA

FRIFAIA_CIEHANE G AR 0 W

8REIS-305 Reflectometer. Operation manual. Bryansk: Electrical line testing systems, 2014. 86 p./ Pedaektometp PENC-305.
PykoBOACTBO M0 aKcnAyaTaumu. bpsiHck: CUCTEMbI TECTUPOBAHUS INEKTPUUECKMX AHWIA, 2014. 86 c.
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rhombus and the red square, it was decided
that this reflectogram was valid, after which
the ARM method was applied again. The ICM
made it possible to determine at what dis-
tance the correct negative polarity pulses are
located.

Repeated application of the ARM method
still did not yield a stable or accurate reflec-
togram; however, knowing the approximate
distance from two previous discharges made
it possible to obtain the reflectogram shown in
Fig. 6.

It is worth noting that during the previous
procedures, the discharge voltage in CL No.1
decreased to 5-6 kV. Based on the results in
Figs. 5 and 6, a decision was made to define
the fault zone. Further on-site determination
using the acoustic method confirmed the re-
sults obtained from both the ARM and ICM
methods. Notably, in this case, the readings
from the two methods coincided within 0.1
meters.

For CL No. 2, series of repeated reflecto-
grams were obtained using the ARM method.
Fig. 7 shows three of the most stable and read-
able reflectograms for comparison with the
ICM method. Based on the results, it was diffi-
cult to determine the fault location due to their
inconsistency, as the presumed fault zone (red
square) is located at different distances.

ICM in this situation had a less readable
reflectogram; however, considering the shape

of the oscillatory process on the previous ca-
ble line and the stable repetition of the same
curve, a suitable reflectogram was identified
(Fig. 8). After analyzing the ICM results, it was
concluded that the true ARM reflectogram is
the one shown in Fig. 7(c), which was con-
firmed on-site using the acoustic fault location
method. The difference in distance between
the two methods on this cable line was 100 m.
ARM showed the more accurate location of the
fault. It should be noted that during the deter-
mination of the fault zone, the discharge volt-
age and transition resistance did not change.

On the third cable line (CL No. 3), ARM
could not be applied. During the determina-
tion of the fault zone, the discharge voltage
increased to 15 kV, and it was not possible to
achieve stable arc burning at the fault loca-
tion. In this situation, only the ICM method was
applied, which almost immediately produced a
form of oscillatory process that did not change
during a series of discharges (Fig. 9).

Further on-site determination using the
acoustic method confirmed the results of ICM.
The discharge voltage and the value of the
transition resistance did not change, and the
discrepancy on site was no more than 7 m.

We should make an important note that
the use of fault burning on these CL was not
considered due to a prohibition on its appli-
cation, which was caused by sections of the
route passing through cable structures. Prior

Fig. 6. Repeated reflectogram when using ARM on CL No. 1

Puc. 6. [loBTOpHasA pepaekTorpamma npu mcnorb3osaHmn ARM Ha CL Ne 1

https://ipolytech.elpub.ru
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Fig. 7. Reflectograms when using ARM on CL No. 2
Puc. 7. Pegpnrextorpammbi npu ncrnoab3osaHmnm ARM Ha CL Ne 2
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TR e vl

Fig. 8. Reflectogram when using ICM on CL No. 2
Puc. 8. Peprektorpamma npu ncrnonb3oBaHnm ICM Ha CL Ne2

Fig. 9. Reflectogram when using ICM on CL No. 3
Puc. 9. Pepnektorpamma npu ncnorb3osaHmm ICM Ha CL Ne 3

to accurately identifying the fault zone, fault
burning poses a high risk of fire if the fault is
located within cable structures.

It should also be noted that the number of
tests conducted were limited, and the results
obtained are most applicable to this particular
set and configuration of CLs. However, repeat-
able reflectometer traces were ensured for
each CL, which still allows for the interpreta-
tion of results for other CLs as well.

https://ipolytech.elpub.ru

CONCLUSION

The obtained results highlight specific chal-
lenges and complexities, as the captured reflec-
tograms have a more complex appearance com-
pared to those presented in operating manuals
and literature. Moreover, it was revealed that the
ARM method, which is positioned as the most
effective, non-burning, and simple method for
locating cable line faults, does not perform suf-
ficiently well at high discharge voltages. Based
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on the experience of several electrotechnical
laboratories in Moscow, it was found that this
method has a discharge voltage limitation of
5-8 kV for arc ignition and obtaining readable
reflectograms, which makes it poorly applicable
to creeping discharges. In a situation where the
vast majority of faults are single-phase short
circuits exhibiting creeping discharge, this lim-
itation poses a significant obstacle to ARM im-
plementation® [17]. At the same time, ICM, pre-
viously considered difficult to use, is becoming
more feasible with the advancement of semicon-
ductor technology and it is a classical method
used since the last century. Its main difficulty lies
in the analysis of oscillograms and a large error
in distance. Furthermore, its application is lim-
ited by transition resistance in the hundreds of
kQ. However, it was successfully implemented on
the cable lines discussed above, where the resis-
tance value reached tens of MQ. The problem of
distance error remains open and difficult to solve
due to its operating principle. The most optimal
way to solve these problems is a combination of
the impulse current method and the impulse-arc
method. Then, ICM serves as a marker of the
fault zone for the ARM reflectogram, which in
turn provides minimal on-site error.

It follows that the most optimal sequence
of actions for efficiently determining the fault
zone locating may be the following algorithm:

ISSN 2782-6341 (online)

1. Insulation measurement with a meg-
ohmmeter to determine transition resistance
and fault type. In case of creeping discharge,
the megohmmeter may show normal insula-
tion resistance; in such a case, it is recom-
mended to check for fault using high-voltage
tests.

2. Application of the TDR method to rule
out CL breaks and faults with near-zero transi-
tion resistance.

3. Application of the ICM as a marker to es-
timate distance to the fault zone.

4. Application of the ARM to determine the
fault zone with minimal error.

5. However, it must be understood that
some methods may prove ineffective. In such
a case, it is necessary to achieve greater con-
sistancy of identical reflectograms using other
methods. If no method yields satisfactory re-
sults, proceed with cable burning (fault condi-
tioning).

6. After fault zone identification, it is nec-
essary to establish its geographical reference
using cable route maps. If unavailable, conduct
route tracing, then precisely locate the fault on-
site using any possible absolute method.

However, it should not be forgotten that
each new fault in a CL has its own character-
istics, precluding universal solutions for fault
locating.

References

1. Shaalan E.M., Ward S.A., Youssef A. Analysis of a practical study for under-ground cable faults causes. In: 22nd
International Middle East Power Systems Conference. 14-16 December 2021, Assiut. Assiut: IEEE; 2021, p. 208-
215. https://doi.org/10.1109/MEPCON50283.2021.9686288.

2. Kharchenko A.V. Fault locating equipment for underground cable lines. In: Vnedrenie sovremennyh tekhnologij
na ob”ektah zhilishchno-kommunal’nogo hozyajstva Minoborony Rossii: sbornik dokladov kruglogo stola v ramkah
nauchno-delovoj programmy Mezhdunarodnogo voenno-tekhnicheskogo foruma «Armiya-2022» = Implementation
of modern technologies at the housing and communal services facilities of the Ministry of Defense of Russia: Col-
lection of reports of the Round Table within the scientific and business program of the International Military and
Technical Forum “Army-2022”, 18, August 2022. Saint Petersburg: Military Logistics Academy named after the Army
General Andrey Khrulev; 2022, p. 122-127. (In Russ.). EDN: XAXJVP.

3. Kondratieva O.E., Borovkova A.M., Ryabchitskiy M.V., Kravchenko M.V. Modern approaches to fault location in
high-voltage cable lines. Elektrichestvo. 2022;12:59-66. (In Russ.). https://doi.org/10.24160/0013-5380-2022-
12-59-66. EDN: FHMGYT.

4. Diakonov V. Reflectometry and pulse reflectometers. Components and technologies. 2012;1:164-172. (In Russ.).
EDN: OPOFPB.

5. Soldatov V.A., Fokin L.V. Criteria and errors for determining the fault location in 35 kV electric networks with
transition resistance. Agrarian Bulletin of the Non-Chernozem region. 2022;1:36-42. (In Russ.). https://doi.org/
10.52025/2712-8679_2022_01_36. EDN: CEZGLD.

6. Soldatov V.A., Zakharov V.C. Determination of failure location in the 35 kV network at transitional resistance in the
location. Bulletin Bashkir State Agrarian University. 2021;1:119-123. (In Russ.). https://doi.org/10.31563/1684-
7628-2021-57-1-119-123. EDN: ECANCA.

°Donaghy R., Clasen G. Fault location on land and submarine links (AC and DC): Insulated cables (B1). CIGRE, 2019. 152 p.
https://doi.org/10.23723/1301:2018-1/22502.

372 https://ipolytech.elpub.ru



https://ipolytech.elpub.ru
https://doi.org/10.1109/MEPCON50283.2021.9686288
https://doi.org/10.24160/0013-5380-2022-12-59-66
https://doi.org/10.24160/0013-5380-2022-12-59-66
https://doi.org/10.31563/1684-7628-2021-57-1-119-123
https://doi.org/10.31563/1684-7628-2021-57-1-119-123
https://doi.org/10.23723/1301:2018-1/22502

Zhilin E.V., Levin D.D. Analysis of the effectiveness of relative methods for power cable fault detection
XunuH E.B., N\éBuH A.A. AHarn3 3GPEeKTUBHOCTY OTHOCUTEABbHBIX METOAOB MOMCKA MOBPEXAEHUI KabEeAbHbIX AMHWUI

7. Gorbunov |.N., Zakharenko S.G., Zakharov S.A., Malakhova T.F. Application of neural networks for determining
the location of damage to air and cable electrical transmission lines. Mining equipment and electromechanics.
2019;4:48-55. (In Russ.). https://doi.org/10.26730/1816-4528-2019-4-48-55. EDN: FJSNCJ.

8. Sorokin A.V., Shabanov V.A. A two-way method for calculating the distance to a single-phase earth fault according
to the parameters of emergency and pre-emergency modes. Bulletin Nizhny Novgorod State Institute of Engineering
and Economics. 2024;11:58-69. (In Russ.). https://doi.org/10.24412/2227-9407-2024-11-58-69. EDN: LBFQUG.
9. Kashin Ya.M., Kirillov G.A., Sidorenko V.S., Gaydamashko A.l. A promising method for improving accuracy of detert
mining the damage location in cable transmission lines and a device for its implementation. The Bulletin of the Adyghe
State University. Series: Natural-Mathematical and Technical Sciences. 2020;3:52-58. (In Russ.). EDN: ZONFYR.

10. Maslov D.P. Review of cable fault locating devices. Tendencii razvitiya nauki i obrazovaniya. 2022;92-12:117-
118. (In Russ.). https://doi.org/10.18411/trnio-12-2022-581. EDN: JNZDCL.

11. Fedorov A.O., Petrov V.S., Razumov R.V., Petrov A.A. Features of traveling wave fault location on cable line. Relay
Protection and Automation. 2023;4:36-45. (In Russ.). EDN: IWPEXS.

12. Zhang Ren, Liu Haoming. Fault section location in urban distribution network based on fault marking. iPolytech
Journal. 2022;26(1):117-127. (In Russ.). https://doi.org/10.21285/1814-3520-2022-1-117-127. EDN: HISDEK.
13. Sorokin A.V. The combined application of the symmetric component method and the overlay method to detere
mine the location of a single-phase earth fault in a network with an isolated neutral. Bulletin Nizhny Novgorod State
Institute of Engineering and Economics. 2025;2:53-66. (In Russ.). https://doi.org/10.24412/2227-9407-2025-2-
53-66. EDN: NICKCB.

14. Azzag E.-B., Touaibia I. Cable fault location in medium voltage of Sonelgaz underground network. Revue de
Synthése. 2019;25(1):33-44.

15. Soldatov V.A., Smirnov N.V. Determination of the point of damage in networks 6 kV at clock through the transition
resistance. Bulletin Bashkir State Agrarian University. 2023;2:140-145. (In Russ.). https://doi.org/10.31563/1684-
7628-2023-66-2-140-145. EDN: NXEODC.

16. Kotelenko S.V. Methods for fault location detection of cable lines. Proceedings of the Tula State University. Tech-
nical Science. 2021;12:81-84. (In Russ.). EDN: LOZDHH.

17. AleksinskyS.0.,Sharygin D.S. Study of influence of transientresistance on distance faultlocation based on one-sid-
ed method. Vestnik of the Ivanovo State Power Engineering University. 2023;3:25-33. (In Russ.). https://doi.org/
10.17588/2072-2672.2023.3.025-033. EDN: QEAPPA.

18. Gu Jyh-Cherng, Huang Zih-Jhe, Wang Jing-Min, Hsu Lin-Chen, Yang Ming-Ta. High impedance fault detection in
overhead distribution feeders using a DSP-based feeder terminal unit. IEEE Transactions on Industry Applications.
2021;57(1):179-186. https://doi.org/10.1109/TIA.2020.3029760. EDN: VUIAUN.

19. Xu Biao, Yin Xianggen, Zhang Zhe, Pang Shuai, Li Xusheng. Fault location for distribution network based on
matrix algorithm and optimization algorithm. Automation of Electric Power System. 2019;43(5):152-158. https://
doi.org/10.7500/AEPS20180115002.

20. Sun Kongming, Chen Qing, Gao Zhanjun. An automatic faulted line section location method for electric power
distribution systems based on multisource information. IEEE Transactions on Power Delivery. 2016;31(4):1542-
1551. https://doi.org/10.1109/TPWRD.2015.2473681.

21. Kong Pei, Liu Jianfeng, Zhou Jian, Zhou Yongliang, Song Ziheng. Fault-tolerant algorithm for fault location in dis-
tribution network based on integer linear programming. Power System Protection and Control. 2020;48(24):27-35.
https://doi.org/10.19783/j.cnki.pspc.200073.

22. Zheng Tao, Ma Wenlong, li Wenbo. Fault section location of active distribution network based on feedf
er terminal unit information distortion correction. Power System. 2021;45(10):3926-3935. https://doi.org/
10.13335/j.1000-3673.pst.2020.1991.

CnMucoK UICTOYHUKOB

1. Shaalan E.M., Ward S.A., Youssef A. Analysis of a practical study for under-ground cable faults causes // 22nd
International Middle East Power Systems Conference (Assiut, 14-16 December 2021). Assiut: IEEE, 2021. P. 208-
215. https://doi.org/10.1109/MEPCON50283.2021.9686288.

2. XapueHko A.B. ObopyaoBaHME AN MOUCKA MOBPEXAEHUI MNOA3EMHBIX KabeAbHbIX AUMHWWA // BHeppeHwe
COBPEMEHHbIX TEXHOAOTMM Ha O0OBbEKTAX XMAULLHO-KOMMYHAAbHOrO Xx03aMcTBa MWHOBGOPOHbI Poccum: cb. AOKA.
KPYrAOTrO CTOA@ B pPaMKax Hay4y.-AeAOBOM mporpammbl MexayHap. BOeH.-TexH. dopyma «Apmusa-2022» (r. CaHKT-
Metepbypr, 18 aBrycta 2022 r.). C6.: BoeH. akaa. MaTep.-TexH. obecneyeHrs UM. reHepana apmuun A.B. XpyneBa,
2022. C. 122-127. EDN: XAXJVP.

3. KoHapaTtbeBa O.E., BopoBkoBa A.M., Psabunukuii M.B., KpaBueHko M.B. CoBpeMeHHble NOAXOAbI K ONPEAEAEHWIO
MECT NOBPEXAEHMWSA BbICOKOBOALTHbIX KaBeAbHbIX AMHWI // dnekTpruecTBo. 2022. Ne 12. C. 59-66. https://doi.org/
10.24160/0013-5380-2022-12-59-66. EDN: FHMGYT.

4. NAbAKoHOB B. PedrektoMeTpuss U MMMYyAbCHblIE pedAeKTOMETPbl // KOMNOHEHTbI U TexHororuK. 2012, Ne 1. C.
164-172. EDN: OPOFPB.

5. ConpatoB B.A., ®okunH WU.B. Kputepmm 1 NorpeLliHoCTM ONpeAeneHra MecTa NOBPEXAEHUSA B IAEKTPUUECKUX CETAX
35 kB npv nepexoAHOM CONPOTUBAEHUK // ArpapHblii BECTHUMK HeuepHo3embs. 2022. Ne 1. C. 36-42. https://doi.org/
10.52025/2712-8679_2022_01_36. EDN: CEZGLD.

https://ipolytech.elpub.ru 373



https://ipolytech.elpub.ru
https://doi.org/10.26730/1816-4528-2019-4-48-55
https://doi.org/10.24412/2227-9407-2024-11-58-69
https://doi.org/10.24412/2227-9407-2025-2-53-66
https://doi.org/10.24412/2227-9407-2025-2-53-66
https://doi.org/10.31563/1684-7628-2023-66-2-140-145
https://doi.org/10.31563/1684-7628-2023-66-2-140-145
https://elibrary.ru/nxeodc
https://doi.org/10.17588/2072-2672.2023.3.025-033
https://doi.org/10.17588/2072-2672.2023.3.025-033
https://doi.org/10.1109/MEPCON50283.2021.9686288
https://doi.org/10.24160/0013-5380-2022-12-59-66
https://doi.org/10.24160/0013-5380-2022-12-59-66
https://doi.org/10.52025/2712-8679_2022_01_36
https://doi.org/10.52025/2712-8679_2022_01_36

m I 2025.T. 29. Ne 3. C. 363-375 ISSN 2782-4004 (print)
IPOI ECh Journal 2025;29(3):363-375 ISSN 2782-6341 (online)

6. ConpatoB B.A., 3axapoBs B.C. OnpeaeneHne Mecta NoBpexAeHus B ceTn 35 KB npu nepexopHOM COMPOTUBAEHWM B
MecTe 3aMblkaHUs // BeCTHUK ballKMpCcKoro rocyaAapCcTBEHHOIO arpapHoro yHueepcuteta. 2021. Ne 1. C. 119-123.
https://doi.org/10.31563/1684-7628-2021-57-1-119-123. EDN: ECANCA.

7. TopbyHoB W.H., 3axapeHko C.[., 3axapoB C.A., ManaxoBa T.®. [puUMeHEHUE HEWPOHHbIX CETEN B LEAAX
ONpeAeneHUs MecTa NOBPEXAEHUS BO3AYLLHbIX U KabeAbHbIX AMHWUIA 3AeKTponepeaaun // TopHoe obopyaoBaHKE M
anekTpomexaHuka. 2019. Ne 4. C. 48-55. https://doi.org/10.26730/1816-4528-2019-4-48-55. EDN: FJSNCJ.

8. CopokuH A.B., LLlabaHoB B.A. ABYXCTOPOHHWUIM METOA BbIUMCAEHUSA PACCTOAHUS A0 OAHO(PA3HOIO 3aMblKaHWUA Ha
3EMAK MO NapamMeTpam aBapuUMHOro U A0aBapuIHOro pexunmoB // BectHuk HITU3W. 2024. Ne 11. C. 58-69. https://
doi.org/10.24412/2227-9407-2024-11-58-69. EDN: LBFQUG.

9. KawwuH A.M., Knupmanos LA., CnupopeHko B.C., larpamaluko A.WU. MepcnekTMBHbIA ¢cnocob NoBbILLEHWSA TOYHOCTH
OMNpPeAENEHUSA MECT NOBPEXAEHUSA KabeAbHbIX AMHUIM IAEKTPONepeAaUn 1 YCTPOMCTBO MO ero peaansaumm // BecTHUK
AAbITEMCKOro rocypAapCTBEHHOMO YyHMBepcuTeTa. Cepus: EcTecTBEHHO-MaTeEMaTUYECKME U TexHMUYeckne Hayku. 2020.
Ne 3. C. 52-58. EDN: ZONFYR.

10. MacnoB A.M. 0630p YyCTPOWCTB AAA OMPEAEAEHNST MECT NOBPEXAEHUSA KabeAbHbIX AMHUI // TEeHAEHUMWU Pa3BUTUA
Hayku 1 obpasoBaHmsa. 2022. Ne 92-12. C. 117-118. https://doi.org/10.18411/trnio-12-2022-581. EDN: JNZDCL.

11. NetpoB B.C., ®epopos A.O., PasymoB P.B., MNetpoB A.A. OcCOb6EHHOCTM BOAHOBOIO OMPEAEAEHUS MecTa
NnoBpeXAeHUs KabenbHOW AMHWMK aneKTponepesaun // PeneliHan 3alumta M aBToMmatuaaumsa. 2023. Ne 4. C. 36-45.
EDN: IWPEXS.

12. YxaH XXaHb, Ato XaOMUH. AOKaAM3aums NOBPEXAEHHOIO y4acTka B rOPOACKOW pacnpeAeAUTEAbHON CETU Ha OCHOBE
MapK1poBKK noBpexaeHus // iPolytech Journal. 2022. T. 26. Ne 1. C. 117-127. https://doi.org/10.21285/1814-
3520-2022-1-117-127. EDN: HISDEK.

13. CopokuH A.B. CoBMECTHOE MPUMEHEHUE METOAA CUMMETPUYHbBIX COCTABAAOLLIMX MU METOAQ HANOXEHUA AAA
onpeAeneHus MecTa 0AHOdA3HOMo 3aMblKaHUS Ha 3EMAKD B CETU C M3OAMPOBAHHOW HeWTpanbto // BectHnk HIMIN.
2025. Ne 2. C. 53-66. https://doi.org/10.24412/2227-9407-2025-2-53-66. EDN: NICKCB.

14. Azzag E.-B., Touaibia I. Cable fault location in medium voltage of Sonelgaz underground network // Revue de
Synthése. 2019. Vol. 25. Iss. 1. P. 33-44.,

15. ConpatoB B.A., CmupHOoB H.B. OnpeaeneHve MecTa NOBpPEXAEHMS B ceTax 6 KB npu 3ambikaHuax 4vepes
NepPexXoAHOE COnpoTUBAEHUE // BeCcTHMK BallKMpCKOro rocyaapCTBEHHOMO arpapHoro yHmsepcuteta. 2023, Ne 2.

C. 140-145. https://doi.org/10.31563/1684-7628-2023-66-2-140-145. EDN: NXEODC.

16. KoteneHko C.B. Metoabl onpepeneHUMa MeCT MOBPEXAEHUA KabeAabHbIX AUMHWIA // WU3Bectns TyAbCKOro
rocyAapCTBEHHOIO yHUBepcuTeTa. TexHuueckre Hayku. 2021. Ne 12. C. 81-84. EDN: LOZDHH.

17. AnekcuHckuin C.0., Wapbirmd A.C. UccnepoBaHUE BAMSAHWMS MEPEXOAHOrO COMPOTUMBAEHUA Ha AWCTAaHLMOHHOE
ornpeaeneHne MecTa NMOBPEXAEHUA Ha OCHOBE OAHOCTOPOHHEro metoaa // BeCcTHUK MBaHOBCKOIO rocyAapCTBEHHOIO
3HepreTuyeckoro yHuBepcuteta. 2023. Ne 3. C. 25-33. https://doi.org/10.17588/2072-2672.2023.3.025-033.

EDN: QEAPPA.

18. Gu Jyh-Cherng, Huang Zih-Jhe, Wang Jing-Min, Hsu Lin-Chen, Yang Ming-Ta. High impedance fault detection in

overhead distribution feeders using a DSP-based feeder terminal unit // IEEE Transactions on Industry Applications.

2021. Vol. 57. Iss. 1. P. 179-186. https://doi.org/10.1109/TIA.2020.3029760. EDN: VUIAUN.

19. Xu Biao, Yin Xianggen, Zhang Zhe, Pang Shuai, Li Xusheng. Fault location for distribution network based on man
trix algorithm and optimization algorithm // Automation of Electric Power System. 2019. Vol. 43. Iss. 5. P. 152-158.

https://doi.org/10.7500/AEPS20180115002.

20. Sun Kongming, Chen Qing, Gao Zhanjun. An automatic faulted line section location method for electric power
distribution systems based on multisource information // IEEE Transactions on Power Delivery. 2016. Vol. 31. Iss. 4.

P. 1542-1551. https://doi.org/10.1109/TPWRD. 2015.2473681.

21. Kong Pei, Liu Jianfeng, Zhou lJian, Zhou Yongliang, Song Ziheng. Fault-tolerant algorithm for fault location in

distribution network based on integer linear programming // Power System Protection and Control. 2020. Vol. 48.

Iss. 24. P. 27-35. https://doi.org/10.19783/j.cnki.pspc.20007 3.

22. Zheng Tao, Ma Wenlong, li Wenbo. Fault section location of active distribution network based on feeder termie
nal unit information distortion correction // Power System. 2021. Vol. 45. Iss. 10. P. 3926-3935. https://doi.org/
10.13335/j.1000-3673.pst.2020.1991.

INFORMATION ABOUT THE AUTHORS MHOOPMALUA OB ABTOPAX
Evgenii V. Zhilin, XXunuH EBreHmit ButaanbeBuu,
Cand. Sci. (Eng.), Associate Professor, K.T.H., AOLEHT,
Associate Professor of the Department AOLIEHT KadeAPbl SHEPTETUKU U IHEPTOIPEKTUBHOCTHU
of Energy and Energy Efficiency in Mining Industry, FOPHOM NPOMBbILUAEHHOCTH,
University of Science and Technology MISIS, YHuUBEPCUTET HaykK 1 TexHonornii MUCUC,
4/1 Leninskiy prospekt, Moscow 119049, Russia 119049, r. MockBa, AeHUHCKWUI npocn., A. 4, cTp. 1,
zhilin.ev@misis.ru Poccus
https://orcid.org/0000-0002-2076-6463 zhilin.ev@misis.ru

https://orcid.org/0000-0002-2076-6463

374 https://ipolytech.elpub.ru



https://ipolytech.elpub.ru
https://doi.org/10.31563/1684-7628-2021-57-1-119-123
https://doi.org/10.26730/1816-4528-2019-4-48-55
https://doi.org/10.24412/2227-9407-2024-11-58-69
https://doi.org/10.24412/2227-9407-2024-11-58-69
https://doi.org/10.18411/trnio-12-2022-581
https://doi.org/10.21285/1814-3520-2022-1-117-127
https://doi.org/10.21285/1814-3520-2022-1-117-127
https://doi.org/10.24412/2227-9407-2025-2-53-66
https://doi.org/10.31563/1684-7628-2023-66-2-140-145
https://elibrary.ru/nxeodc
https://doi.org/10.17588/2072-2672.2023.3.025-033
https://doi.org/10.1109/TPWRD
https://doi.org/10.13335/j.1000-3673.pst.2020.1991
https://doi.org/10.13335/j.1000-3673.pst.2020.1991
mailto:zhilin.ev@misis.ru
https://orcid.org/0000-0002-2076-6463

Zhilin E.V., Levin D.D. Analysis of the effectiveness of relative methods for power cable fault detection

XunuH E.B., N\éBuH A.A. AHarn3 3GPEeKTUBHOCTY OTHOCUTEABbHBIX METOAOB MOMCKA MOBPEXAEHUI KabEeAbHbIX AMHWUI

Daniil D. Levin,

Postgraduate Student,

University of Science and Technology MISIS,

4/1 Leninskiy prospekt, Moscow 119049, Russia
24 m1805181@edu.misis.ru
https://orcid.org/0009-0004-0580-8604

Authors’ contribution

The authors contributed equally to this article.

Conflict of interests
The authors declare no conflict of interests.

The final manuscript has been read and approved by all
the co-authors.

Information about the article
The article was submitted 15.05.2025; approved

after reviewing 30.06.2025; accepted for publication
11.07.2025.

https://ipolytech.elpub.ru

AéBuH AaHUUA AMUTPUEBUUY,

acnupaHT,

YHUBEpPCUTET HayKK U TexHonornin MUCIUC,

119049, r. MockBa, AeHUHCKWUI npocn., A. 4, cTp. 1,
Poccus

> m1805181@edu.misis.ru
https://orcid.org/0009-0004-0580-8604

3anaBAeHHbIN BKAAA, aBToOpoOB

Bce aBTOpbI cAEAAAM SKBUBAAEHTHbIV BKAQA B MOAFOTOB-
Ky nybAnkaumu.

KOoHPAUKT uHTEpEecoB
ABTOPbI 3aABASIKOT 06 OTCYTCTBUM KOHPAUKTA MHTEPECOB.

Bce aBTOpbl MpPoOYUTaAuM M OAO0BPHAM OKOHYATEAbHbIMN
BapuaHT PyKOIMMUCH.

UHdopmauums o ctatbe
Cratbsi nocTynuaa B pepakumio 15.05.2025 r.; opobpe-

Ha nocae peueHaupoBaHua 30.06.2025 r.; npuHATa K
nybamkauumn 11.07.2025r.

375



https://ipolytech.elpub.ru
mailto:m1805181@edu.misis.ru
mailto:m1805181@edu.misis.ru

