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Abstract--In  radial distribution network with no
discontinuities in feeders’ impedances the shape thveling wave
induced by a single line to ground (SLG) fault incption is
modeled by multiple refractions and reflections fran busbar,
fault and loads. Only initial propagation zone preents a rigorous
polarity disposition of residual currents, with sownd residuals
having the same polarity. We can determine the minial
sampling frequency necessary to get in that zoneetcurrent data
indicating faulted feeder. The initial polarity length does not
depend on the fault position, its resistance valuer on the soil
resistivity, and if scrutinized on all feeders it @n point out from
busbar to faulted feeder in systems with laterals.

The propagating waves can thus be involved in diréional
procedures in lines or in cables. Under certain catitions the
faulted feeder detection can be assumed also in mik networks,
built up partly of cables and partly of lines.

Keywords: Traveling waves, fault detection, distritution
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I. INTRODUCTION
sed in transmission lines, the traveling waves haas

discharging currents. The latter are usually carsid as
useless and must be filtered in order to get irttarging
currents which are carriers of useful informatih [

We think that strong discharging currents, sometime

generating unfavorable conditions for protectiodays in
compensated systems, can be exploited as carfieeteant
information at a price of higher sampling frequency

High frequency of acquisition, of 1MHz order [4grsor’s
saturation with high dynamics of discharging cutseand
obligation of installing sensors on every feedee anain
drawbacks here. We propose an all current approedth
reasonable frequency requirements, being insengibdsensor
saturation and to regime of grounding.

It is worthwhile to note that wave velocity in cablmay be
about half the velocity in overhead lines, somewietieving
high frequency stress on acquisition. After faalteéption we
dispose of several tens of microseconds to gedaiee in wave
propagation area what imposes the acquisition &equ of
100kHz.

Magnetic cores saturation,
acquisition accuracy of transient currents witlyéadynamics,

an important obstacle

Uyet found confirmation in distribution systems, Whe js not relevant in our approach, where sensors teesend

feeders are short and impedance mismatches areefreq only 5 |ogical value, which is possible to acquwen after the
First approaches have been tempted to fault distangzyice has entered the saturation.

calculation, but researches of characteristic feegies have

proved as yet inefficient [1]. The coordination BPS of
traveling wave's data has been reported efficianthis task
[2], but involving GPS on distribution level may beerous.

In our opinion, as far as the traveling waves istridhution
systems are concerned [3], the detection of faulkedler is
more realistic challenge than fault distance caltboth.

As to number of sensors involved it should be ndted
new ideas on directional all-current procedureseapjin form
of a distributed protection [6] with current serss@n each
feeder. The fault would be located on amplitudesckiin all
along the way from fault to busbar. The necessakgctvity
however may be not assured on well compensatedriaw

We think it is possible to assure such selectivitghe

Necessity of extremely rapid fault detection ha®rbesensors record initial polarity during the propéamatphase

reported, in less than 1ms [4], when equipment twabe
protected against excessive currents. In this treaapidly
proliferating underground cables installations afespecial
concern because with characteristic impedance aletiares
lesser comparing to overhead lines, they produgghehi
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where we look for currents’ polarities to identifye faulted
feeder.

Il.  DETECTION OF FAULTED FEEDER IN SIMPLE RADIAL
SYSTEMS

The profiles of discharging currents becoming rbpid
inextricable because of multiple reflections anfitagtions of
traveling waves, and on the other hand being oeeisived by
rapidly developing charging currents, we think geful to
isolate a very short initial interval of clear wéwen profiles
where the critical condition is frequency of acdfios rather
than heavy analysis of frequencies. Hence the idaraf this
interval in several topological cases will be heue concern.

to



The following has been modeled in EMTP with frequen
dependent parameters.

A. Overhead system

We consider a simple overhead line network withe¢hr
radial feeders a,b,c with an SLG fault occurringfeeder a.
The analyzed data are residual current waves asded by
sensors on the busbar side of each feeder.

During initial traveling waves’
residuals arriving on busbar present rigorous digjpm of
polarities, as the sound feeders have the sametpaidich is
opposed to the one on faulted feeder. This diipastan be
perturbed when a current wave returns from thetehbsound
feeder after reflection on its load. The time Kkes to travel to
and fro along the shortest feeder determines ilialipolarity

regime the current
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Fig. 2 Current waves disposition along cable ihree feeder system a+b+c =

zone g, and gives the minimal frequency of acquisitiong.4+12.1+9.7km, fault on feeder a. Upper: onlyesoare shown, bottom:

necessary to get data pointing to faulted feeder (1

)

with v — the zero sequence mode velocity gid— the length
of the shortest feeder.

With the shortest feeder’'s length of 19.4km the |lst
frequency required is 7kHz (Fig. 1) and for robess
reasons — rather several times greater.
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Fig. 1. Three feeder system a+b+c = 36.8+24.2ki9.4residual currents

recorded on busbar side with a resistive SLG faluR= 1kQ on feeder a at
1/10 of feeder length from busbar. At t=12.05mswla&e returning from the
shortest feeder ¢ may change the initial polaritytiis feeder. The initial
polarity periodd,=0.144ms

B. Underground cable system

After the fault inception cables are siege of watvaseling
both in cores and sheaths, a core—to—sheath fiziriggalmost
the same waveforms as a core—to—ground one. Rigesents
an after-fault regime in a system of three feedlercawith fault
on the phase 3 of the feeder a, all sheaths bemgnded on
both ends.

core and sheath wave disposition on a sound feeder.

In the cable’s core the current wave of -289A, agganied
in its sheath by magnetically induced synchronoasenof
opposite polarity, arrives at busbar without exgjtiother
phases because of mutual cancelling of externa¢ @ord
sheath fluxes (Fig. 2 upper part). There it supsepawith its
own reflection: -289A(1+1/3)=-386A. At busbar reft@an the
386A wave is equally distributed between faultecgas on
feeders b and c: -386A/2=-193A.

The residual currents are the sum on three corgents.
They are dominated by the faulted phase waves.3ghows
the simulated currents with paramount initial pibjazone,
which for the shortest cable feeder of 9.7km |&st23ms,
giving a theoretical value for minimal frequencyaufquisition
of 8kHz.
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Fig. 3 After-fault residual current waves in a thréeeder cable system

18.4+12.1+9.7km, fault of R1Q resulting in important amplitudes.

dip=0.123ms

12

C. Mixed cable and line system

One of application of directional function basedasralysis
of the initial polarity zone may be with fault ocdng on an
overhead line in mixed systems, with cables on auside
and overhead lines leading to loads. We preseanatysis of
a three feeder (a,b,c) system with 1:2 ratio ofi€dbngth to
line length and an SLG fault on phase 3 of the deed With
the fault occurring on cable (Fig. 4) the high freqcy
amplitudes are several times higher comparing ¢octise of
faulted line (Fig. 5) and may affect more serioustuipment
isolation.



1. DETECTION OF FAULTED FEEDER IN SYSTEMS WITH
LATERALS

We consider a five feeders “a-e” network with a
ramification on feeder “c” (Fig. 6) and cable shesagjrounded

%U Bip | C 1 on both sides. Current sensors should be presertheat
w beginning of each feeder, including laterals.
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Fig. 6. Five feeders(A - E) network with one ramificatiomdaan SLG fault
-200E ) B on feeder “d".
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Fig.4 Residual currents with an SLG fault gERQ in mixed feeder system With fault on feeder “a” the current waves alongders

(55.2+36.3+29.1km ), with cable to line length edt, the fault occurring on (Fi 7) develo artlv as in radial network
cable at 9/10 of the cable length. Upper — zoonthentraveling wane zone. 9 p partly )

3ip=0.123ms, the reflexion wave returning from l@adving theoretically on

busbar at t=12.24ms a _
When the fault occurs on overhead line near lodds, —
travelling wave from fault position to busbar reft when é:r_; 804 —T b
meeting impedance discontinuity at the line-ande@tint. In 386*’3‘{9?‘,% T —
this case, the amplitude of arriving wave on busbamaller &
than the one induced by a fault occurring on cable. 19:35; —
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L L L 12'35 I Fig. 7 Current waves disposition along cable inve feeder system with
121 1215 122 1445 123 : 12.4 ramifications, and SLG fault on the feeder “a” & from busbar. Only cores

are shown

The unique polarity of current waveforms at buspaints
to the faulted feeder “a” (Fig. 8)
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Fig.5 idem, the fault occurring on line at 9/10 of the lirength. Upper —
zoom on the traveling wane zord#p=0.123ms, the reflexion wave returning
from load arriving theoretically on busbar at t=3Z6ms
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Weather the fault occurs on cable in vicinity oé tbable i . L
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and line joint (Fig. 4) or on line near loads (Fj.the initial i)
polarity zone 1S the samed,=0.123ms, its duration gy g the fauit on feeder A pointed by current esivpolarity at busbar.
corresponding to time the wave takes to go to amdbétween 5p=0.05ms

busbar and cable-and-line joint on the shortestdeéc”.




In general, the faulted feeder can be tracedistarith
identification on busbar of a unique sign, that wall
“witness” sign, which is different from others. the fault
occurs on one of ramification, e.g. on “d”, then feow all
indications of the same polarity as the “witnesghsThe fault
is at the end of the chain (“c” and “"d” on the F®). In case
presented on the Figure 8 the polarity of “e”, whamnforms
locally to that of “a” (the witness sign), cannatimt to fault
because the intermediary feeder “c” is out of thpp®sed
faulted chain.
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Fig. 9 The fault on feeder dip=0.05ms, same as in the of the Fig. 8.

B. Mixed feeders

The laterals “e” and “d” of the Fig. 6 are now pmoged
with overhead lines of respectively, 11.7 and 2th4iWVe
analyze two cases: first, with fault occurring @able segment
of the feeder “d” (Fig. 10) at one third from busband then
with fault occurring on overhead segment of “d"gF1L1) at
one tenth from loads. The waveform disposition shgwhe
faulted feeder is fundamentally the same in botbesawith
the same length of the initial polarity zor&,=0.05ms.
Consequently, at least 20kHz frequency of currequsition
is required, and realistically rather 200kHz.

We note (Figs 9 and 10) similitude of waveform disition
for cable system and the same cable system wittefse
prolonged with lines. The latter don’t influenceyrsficantly
the data for faulted feeder detection.
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Fig. 10 The fault on cable part of the feeder “ddip=0.05ms.
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Fig. 11 The fault on overhead part of the feeder@p=0.05ms.

IV. CONCLUSIONS

The rapid identification of faulted feeder usingamnatic
analysis of residual currents recorded in travelivaye zone
can be assured at price of high acquisition frequeie
evaluate it on 100kHz in systems where the shortable
feeder has length of several km. Impedance misnaftofixed
systems with laterals not an obstacle to the fdufeeder

detection if sensors can be installed on everydeed
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