Transient Regime to Support Steady State
Directional Function in Presence of Strong
Capacitive Currents in Compensated MV Systems
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Abstract—A Single Line to Ground (SLG) fault location
task in systems grounded with Petersen Coil can kaut of reach
of steady state methods, based on detection of agticomponent in
faulted currents. Efficiency of these methods mayat be assured
when strong capacitive currents on faulted feeder qgieeze the
phase shift between the faulted and the sound zersequence
currents below actual acquisition limits.

Then the way to assure the directional decision i® exploit
data recorded in transient regime, where an apparenphase
difference is more important than actual phase difrence in
steady state. This is a consequence of the way thensient regime
develops, beginning just after the fault inceptionwith phase
opposition between the faulted and the sound curreérresiduals
and finishing in steady state with a slight phase dvance of the
faulted residual over all the sound ones.

Keywords: fault detection, distribution systems, cmpensated
systems

. INTRODUCTION

HASOR relationship between residual currents iresys

with single line to ground fault points unambigulgus
faulted feeder in ungrounded systems However, this may
be less efficient in systems grounded with PeterGeils
where selective ground fault detection methods theein-
phase component of the zero-sequence current ¢urﬂlaate
the faulted feeder. The method known for a longetii2]-[3
has until recently been still developed under
application options, either by comparing signs odjgctions
of zero sequence currents [4]-[5] or looking for hape
advance [6]-[7] of the faulted zero sequence cuiroser the
sound ones.

It has proved efficient in overhead line systenaficming
general consensus on these methods, which are atiynd
cited in literature, but never critically discussedowever,
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with cable proliferation in distribution systemss itre-
evaluation seems relevant because strong capactinents
diminish the phase advance between residuals, paisible
inhibition of the discrimination capacities of re¢a

We will see this phenomenon in steady state SLGt fau
regime in a radial compensated network (Fig. 1)cah be
analyzed on equivalent residual circuit (Fig. 2heve V” is
the voltage over a SLG fault emplacement in absefidbis
fault [8]-[9], I+ - zero sequence current on faulted feeder,
>l s— the sum of zero sequence currents on all sowtkefe
and | is the neutral point current composed of active an
inductive components.
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A radial distribution network with an Slféult.
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Fig. 2. An equivalent residual circuit of the distition system from Fig. 1,
with the up-stream line impedanceug from busbar to fault

Fig. 1.
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Fig. 3. The faulted feeder diagnosis depends adaiglity of the phase
advancep of lp s over b s

Fig. 4. Underground cable disposition in studyecas

In such conditions the minimal value of 30° for thiease
During the fault regime, the active component iespnt in advance |s_re_ached with 340km I|n_e_ and 4.5km cdaelines
zero sequence curremg on faulted feeder. The resultingthe length limits are actually not critical, butevhfault occurs
phase difference between the faulted and the saemd ©On & cable feeder, the 600Hz frequency may be mmigh to
sequence currents  (Fig. 3) is the basis of the wattmetricdetect the phase difference and to discriminatdetbeers.

methods of detection.

Il. PHASE ADVANCE READABILITY

Efficiency of wattmetric methods can be evaluatsd
their capacity to detect this phase differencevdftake 600Hz
as frequency of acquisition of actual relay thee thinimal
detectable value of the monitored phase differésicep= 30°.

In low capacitive lines the phase advance caninest|90°,
because under effect of compensation we have 2Fig.
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where the faulted residudl ¢ is dominated by its active

componentgy.

In cables however the faulted feeder capacitiveecit
dominates the composition ofy; and diminishes the
readability of the phase advance, particularly vighlt on a
long feeder or in case of system over tuning.

The same limitation is to be reckoned with in cade
another variant of the method, with projections z#ro
sequence currents serving for basis of directifunadtion. As
a matter of fact, the relevant static algorithnefficient if the
zero sequence capacity of faulted feeder is lems ¢ime third
of the total system zero sequence capacity [10].

For all following tests the EMTP curves were sinedh
with calculation step frequency of 324kHz and theme been
downgraded to 600Hz data through anti aliasingerfiland
signal decimation.

A. Homogenous radial system
From the equivalent circuit (Fig. 2) we have
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B. Mixed radial system

This consideration can be of special interest ixehj cable
and line feeders, with faults occurring on the bead, non-
isolated part. Obviously, unless the latter is vdong
comparing to cable length, the phase differencevdst zero
sequence currents will be determined by the cable.
significant influence should be here expected frésmlt
resistance or fault location as stated in (Tabwith EMTP
simulation results for 5km cable + 30km overheat Ifor
each of three feeders in mixed 10kV 3*3.3MVA system

TABLE |
PHASE DIFFERENCHEP BETWEEN SOUND AND FAULTED ZERO SEQUENCE
CURRENTS IN MIXED CABLEFOVERHEAD LINE SYSTEM

Fault location Fault @in degrees
resistance

in the middle of line 100 25

in the middle of line 1Q 24

in the middle of cable | 100 28

in the middle of cable 10 25

With 5km cable we have here the phase differenaaye
less than the critical value of 30°.

C. Cableradial systemwith laterals

The above discussion on directional function can be
relevant in cables only in case of final stage asoh
degradation, which can rapidly develop toward a lestive
permanent faultObviously, an extraordinary complexity of
fault nature in cables — like space charge evatutimder
strong field, or electrical tree following a watéree or
mechanical or thermal stress - does not allow aplsim
modeling without contest [11]. We accept a faultisaflation
to be modeled as a switching-in of a resistancescm as
precursory phenomena prepare conditions for bremkdmd

We consider (Fig. 1) a 10kV 3*3.3MVA compensateghe breakdown occurs.

system with #y limited to 5A, which we get with [r= 115%5).

Then we can try a study case of a ramified systéRig. 5)

The overhead lines to carry this supply present 2Be0  with low fault resistance Q).
sequence capacity of C=0.0Q47km and the corresponding
underground cables (Fig. 4) - C=0.3&4km.
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With fault on feeder “d “ the zero sequence cusen all
sound feeders (“a”,”b” and “e”) are almost in-phagleereas
the phase differenag,. between currents on “a” and “c” is 7°,
indicating the fault on one of the “c” feeder's gp but this

Fig. 5. Feeders disposition for study case

phase is certainly too low to be detected with 600tz -10

acquisition.

With sensors on all feeders’ departure we get ma

pronounced indicationpy = 23°, but this is still too low
comparing to 30° limit.

When the fault occurs on “a” then residuals on"tJ;;d”,
and “e” are in-phase, whereas the faulted feedppiisted by
phase difference.=8°.

With fault on cable feeder there can always be sor%6 Phase difference between

problem with readability of the phase differencenting to
faulted feeder if its length reaches above certaiall
correlated length, here 4.5km.

D. Mixed radial systemwith laterals

To get the mixed system we replace cables on feggér
and “d” (of Fig. 5) by 30km overhead lines andcgldhe fault
on “d”. With in-phase residuals on “a”, "b” and ‘ethe
directional information in steady state is given phase
difference@,=14° measured on busbar, ordu=84°.

The fault signature becomes unreadable if theddutteder
“d” is not “replaced by a line”, but “prolonged layline” with
fault occurring on it; in example of Fig. 5 the ltasignature
@qWill have value of 23° or less, depending on teraf this
prolongation.

In cases where the critical cable length is of diomhl
concern, for example with only one feeder appraagtthis
length, there is no use in changing the instalidays, but their
efficiency will be confirmed if some auxiliary predures are
available.

As far as static methods are concerned there catwde
ways of dealing the limits of low frequency acqtidsi: either
to raise the active current componegy br to look after an
apparent phase difference in transient regime.

I1l. AN APPARENT PHASE ADVANCE IN TRANSIENT REGIME

As a matter of fact, an analogous parameter insiean
regime can be much larger.

with the well known phase advance of the faultesidal
over all the sound ones.

A. Homogenous radial system

We apply our diagnosis to 3 feeder radial cableesys
(18.4+12.1+9.7)km of 3*3.3MVA with fault on the Igast
feeder and inception angle 90°. With=RkQ the phase
difference between faulted and sound zero sequeuntents
is 8° in steady state and 73° in transient regirfig. (6).
Unfortunately, the latter depends on fault resistamalue. In
the study case the phase difference falls down °tdo8
Rf:].Q.
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zero sequencentsiiretransient regime is
much greater than in steady state=(RQ)

Still there is a parameter in transient regime,chhgan be
associated with notion of “apparent phase diffeeénand
points undoubtedly to faulted feeder. The mattezsgabout
the way the residuals cross zero level immediaaétigr fault
inception.

The development of current residuals is correlateth
evolution of the neutral point curren Emoothly growing
from zero to its permanent value. During the firéllisecond
after fault inception it can grow very slowly, pattlarly with
resistive faults, because of high values of thetragyoint
elements § and R..

On the contrary, the feeders’ line-to-ground catoasi G
and G charge and discharge vigorously. During a shoneti
interval after fault inception the neutral pointr@nt Iy is
negligible comparing to capacitive zero sequencesats.

Then the faulted zero sequence current is initialphase
opposition to the sound feeders zero sequencentsyigee (3):
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and proceeds toward zero level with different goés (Fig.

7). The capacitive zero sequence currents haviagsignts
with time constants very short before the fundamlepe¢riods
they take rapidly form of sinusoids leading theozeequence

®3)

voltage \§y by 90°. Being all under the same charging

conditions, the sound residuals cross the zerd ievbe same

This is consequence of the way the transient regif®®ment, whereas the faulted one develops oppositrity
develops, beginning with phase opposition betwemritdd POSSibly with an exponential component.
and sound current residuals [8] and finishing ieadly state
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Fig. 7 Zoom on initial transient regime from the.F6

In case of radial system the procedure to poitihédfaulted
feeder is:

We detect slopes of filtered current residualshairtfirst
zero crossing after fault inception. If all but owéness the
same slope sign in the same time instant, thenamedeclare
the latter as the faulted one:

IF1,(t,)=0fork=1--n-1

dl dl di
AND sarf — |=sanl —% |=...=sgr] —"=X |att =
of &l )= =sal o=

THEN then™ feederis thefaulty one.

4

This is a one shoot procedure, without possibility
verification. On the other hand it is a conclustest, as the
matter goes about unambiguous identification gbesd signs.

B. Systemwith laterals

The same occurrence of zero crossing for soundualsi is
also valid in systems with laterals (Fig. 8), ltkee one of Fig.
5 with cable feeders “d” and “e” prolonged with B0kof
overhead lines. The fault location on the feedérisdoointed
by residuals “c” and “d” which cross the zero leetdewhere
than three other residuals crossing zero at the $astant.
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Fig. 8 Faulted (“c” and “d”) and sound current degls in radial five
feeders system of Fig. 5, with 30km overhead lpredonging cables on
feeders “d” and “e”, an SLG fault on “d”. Rf €1, 6=90°

IV. CONCLUSION

In distribution systems grounded with Petersen <dike
faulted zero sequence current is initially in phagposition to
the sound feeders zero sequence currents and peotmeeard
zero level with different polarities. Examinatiorf these
polarities assumes the directional function no ematthat is
the weight of capacitive currents in the monitosgdtem. It is
a robust procedure but it can be applied only ocimc¢he
transient zone, so it can serve as a subsidiarytwalye well
known steady-state methods whenever their effigienay not

be assured because of low frequency of acquistifomero
sequence currents.
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