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ABSTRACT

This work is related to protection systems on MV
distribution networks. Most of these grids are currently
protected by a single relay on the beginning of each feeder.
The Smart Grids necessity is becoming more and more a
reality for the grids of tomorrow. These more complex grids
with Distributed Generation (DG) interconnection could
require a more complex protection system to achieve high
quality service and enhance the grid stability. This work
proposes non communicating, distributed distance relays.
These deployed relays would divide the feeder in smaller
protected areas leading to shorter outage occurrence and
duration for loads and producers. The proposed method
was tested on all types of gridswith overhead lines, cables
and mixed, for all several different neutral groundings of
the HV/MV transformer with or without DG presence. This
method is subject to a patent deposition in 2012.

INTRODUCTION

The purpose of this work is to propose a methodotog
coordinate, set and optimize the selectivity oftiséributed
protective relays into the distribution grid. Tipiotection
scheme is based on non communicating relays tleatus

transmission impedance evaluation based technology

adapted for the distribution grids. The distribotgrid has
some particular problems such as the heterogeméity
feeders. This is due to the different types of cmols
(with different linear impedances) that are usethisitype
of grid. The adapted distance relays are deplay#eigrid
in order to divide the consumers and producerssmall
zones. The proposed relay algorithms do not relamn
communication system in order to detect a faulttartdp.
The only communication that might be added is lpees!
communication that could allow the relays to adygt
settings for an optimized protection of differeeeder
configurations. Therefore the relays are independer
from another.

Philippe ALIBERT
Schneider EteetFrance
philippe.alibert@sdter-electric.com bertrand.raison@g2elab.grenivipldr

Olivier CHILARD
EDF — France
olivier.chilgredf.fr

Bertrand RAISON
UJF - France

Sébastien GRENARD
EDF - France
sebastien.grenard@edf.fr

Many DGs are connected to the grid through power

electronics devices that limit the short circuitremt. But if
they are connected without power electronics cdrver
they can inject large short circuit currents [4]thé&r
methods to limit DGs contribution is to limit thedizes
when connected to a non-dedicated feeder [5]. Whik

presents an amelioration of the previously proposed

methods, which were computing the imaginary pathef
impendence (conductors actual value), as explamgg].
The method works for earth faults. This paper shomg
the single phase results.

THE DISTRIBUTION GRID

Many distribution grids are mainly operated ragialhd
have several feeders that are energized from théduof
the substation. A single protective relay is modraethe
beginning of the feeder and protects it. The cotatuc
segmentation of the feeder is very different frbmdne on
the transmission lines due to the different charéstics of
the grids structure and its evolution.

The tested grid is divided in several zones dueht
deployment of the relays. The relay locations anféeder
and the grid division are presented in Fig 1.

f11,..,£34 — possible fault locations

R;,R,,R; —relays

Underground
240mm?

250 nF/km <
Overhead lines
148/54mm?* 5nF/km

®)

The geographical distribution of a theeadst
feeder — relay deployment

The relays are equally distributed by the impedafdbe

protected conductors. Several tested fault locatawa also

presented in Fig 1: f11, f12, f13 are betweeafd R; f21,

Fig 1.

The presence of DG in a non-dedicated feeder of the f23, 23 are between JRand R and f31 to f34 are

distribution networks could cause the following lplems
[1],[2],[3]: short circuit current modifications,ndesired
relay tripping on the healthy feeders, relay bliesk)
tripping errors of the DG relays, unexpected isiagd
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PROPOSED LOGIC OF THE RELAY

Basic relay principles

The method is based on two steps: the detectiortrend
discrimination. Each of these distinctive stepsstitseown
measure instead of both using only one all-purpeszsure.
This is because none of the considered measurkagep
current, all their combinations and all of theirrfes —
phase, symmetrical components, different transfooms—
Park, Concordia, Fourier) showed the potentialtthatwo
combined measures can assure, [6]. The detectpnist
already available (ANSI code 67/67N, [7]). The attu
relays are able to detect the fault presence ewbdnhigh
impedant faults [8]. For this detection step, tlierourrent
based relay was proposed. The relay should betidine¢
for the purpose of making the difference betweerstiort-
circuit current injected from a DG or from the mawource
of the feeder [9]. The legislation that is currgnibed in
Europe does not allow islanding only with DGs asrees.
Therefore in all the studies, if the relay detecfault in its
upward position (a DG in its downward position is
generating the detected upstream current), it duss
continue with the discrimination step, hence itsioet trip.
The time discrimination step is necessary for iiated
relays that do not rely on communications in orter
determine the tripping delay (time delay). Indeetlipping
delay ofAt is needed while assuring time based selectivity.
Due to the usual value of this tripping delay (8)3the
limitation imposed by the load relays (0.2 s) dmllius bar
relay (around 1 s) a distributed relay can have timee
different tripping times (t0, t4t and t0+2At). Therefore a
maximum of three different zones can be defineééah of
the deployed relay (e.g. the relay R1 that hagestiolds
separating its three zones defined by the two dawdw
relays, Fig 1.). The proposed logic may be possiblag
microprocessor based relays [10]. The overcurrelatyr
solutions, [11], could not be applied due to thmptexity
of the discrimination step, especially on the grdth
compensating coil grounding of the transformer [6].
In order to perform the best discrimination of faalted
area, the index/measure that is used by the ralaytmave a
great sensitivity to the fault location variatiomdao be the
less sensitive as possible to the variation of fengt
resistance. These conditions are needed for
discrimination accuracy of the faulted zone. Theefsion is
needed in order to assure the selectivity andaaalouble
tripping. E.g. a relay should not discriminate alffan a
closer area than the real one.
The impedance index was proposed, for its high
performances regarding the criteria previously noeed.
Therefore the distance relay formula presentedjiraton
(1) was used, according to [12] and [13].
0 1
1= IViA # (1)
At K, 3z

As mention before, the major problem is the hetenedty

the

wherek, =
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of the distribution grid. Indeed, correction fackgiis thus
different for every type of conductors. That prablean be
solved by an optimization of the formula. Thekefficient

is chosen as a complex number that is optimizeég Th
optimization part is explained later in this papaut first
the logic of the relay is presented.

The relay logic

When the relay detects a fault and starts theidigtation
step using the parameters found in the optimizgtioness,

it determines a value of a virtual impedance basethe
coefficient k. This value will be compared to the first
thresholds in the complex domain (Fig 3. ) in ortter
decide whether the fault occurred in the first,oset or
third zone (there are 3 zones available for R1l)e Th
comparison of the determined value with the thrisio
done mathematically simply finding on which sidetlod
threshold it is found. After the zone determinatidime
tripping delays are computed accordingly to this
determination (and of course the number of downward

relays). Fig 2. presents this logic.
Optimized ko
Thry; Thr

Measure: Va & | 5

2. i e

yes

no

A

Fault determined at Zone3|
Tripping time delay:
T=t,+2-At

£ 3

Fault determined at Zone2;
Tripping time delay:
T=to+At

Fault determined at Zonel
Tripping time delay :
T=t,

K 2

£

R 2

Tripping after the delay T N\
Fig 2. The relay logic

The relay will trip after a specific delay onltlife detection
step is still alerting the presence of the fauthédwise the
relays that are used as back-up will cut safely the
downstream part of the network (e.g.ddd R for a fault
that occurred at the end of the line and thé&iRped in ¢).
The settings values needed in this logig, (for the
impedance computation) and the thresholds,(@ima Thg)

are previously optimized for a given grid configima.

METHOD DESCRIPTION - FINDING THE
SETTINGS FOR A GIVEN RELAY

The proposed method consists of an optimizatiocgs®
done in order to find the setting and the functignof the
deployed relay, assuring its selectivity with thiees relays

of the protection system.

The relay will use a set of settings for every grid
configuration. Each relay will have its own set dase it
will compute different measures and will take digfiet
decisions. Finding the settings consists in findig
optimized complex coefficiengland a set of maximum two
thresholds (due to the maximum of three zones},aha
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able to discriminate the most cases of fault lecetiwith
the wider range of fault resistance. The methodsseme
information of the grid structure (such as the tarand the
independences of the conductors as well as dleofgteder
construction geometry, for conductors and if tfeeeeDGSs).

The coefficient research

The research is done within a predefined domaithii
coefficient in the complex space. The domain aedstep
size are input values that will impact the resgitslity
while following the proposed methodology. The bigge
the domain chosen the greater are the chancethéhbést
coefficient will be found within the domain. Theptsize of
the domain sets the accuracy of finding the coiefiic(its
precision). This coefficient has lost the physichstance)
representation that it had in the original form{@a In this
representation, it is just a complex number chosen
mathematically.

Choosing the thresholds — without DG presence

The coefficient is tested using as thresholdsiies created
by two values, obtained with the given coefficiesitthe
faults that are both located at the boundary optio¢ected
zone but have different resistances. Fig 3. shawses
theoretical values obtained for the determined uhapee.
Tm(z) 21 Threshold1

50&100

ZonetR=0
Zone1 R=10
Zone1 R=50
Zone1 R=100
Zonez Ri=0
Zonez R=10
Zonez R=50
> Zonez R=100
Fig 3. Threshold choice using determined values
This figure was just created for the purpose of
understanding the threshold choice. The red vatues
obtained for faults (of 0, 10, 50 and 1QPthat occurred at
the boundary of the zone. The choice is done usiege
values. The resistance values are chosen accoydmtile
probability of occurrence (0 to 1340 represents 94 % of
the fault). Least resistant faults have a greataability of
occurrence. The blue values are determined faahe set
of values of fault resistances but for all the fadsitions
that are between;Rind R (so for f11, f12 and f13). There
are several solutions for each couple of thesduksddue
to the choice of 4 values of fault resistance)ofalt of 6
lines may be chosen but not all of them are respgtite
wanted criteria of never discriminating a faultarcloser
zone than the real one. We use only the linesstydrate
all the red values in one side of the line. Tworegkes are
presented in Fig.3.: a line made for the 0 an@XBat will
be used for this case and a line made from 0 adXitBat
does not respect the criteria, so it is not used.

SO+ xo0+ x|

Re(Z)
-

The logic of the optimization
After finding, for each coefficient, the best séttoeshold,
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the decision between several coefficients with sdve
possible thresholds is done on the base of prababil
success. Naturally, we keep the set of parametats t
discriminates most of the faults (with various ltiaas and
various fault resistances). The logic followed inist

optimization is presented in the Fig. 4.
\V,I measured for all the fault locations and all the fault resistances/

Size of research domain
I I

Iteration nr.: n =1
Resizing of

the
researched
domain

e 3
| mpedancesc!omputation

|

| Threshold computation
e 3

[

Evaluation of plan protection for k, coefficient

es
P <4 & Pii<100% s

no

Thresholds and coefficient for each rela

Fig4. Optimization logic ondcoefficient
The voltage and current values measured for alfahi
locations and all the fault resistances are obthiyeusing
dedicated simulation software for electrical griddter
obtaining the percentage of success of the discaitian
step, if the percentage 100% is not obtained ontimsber
of iterations is inferior to a pre-established eglthere is
another iteration of the same process of parameters
research. The new domain is build symmetricallyadxthe
best coefficient found at the previous iteratioromder to
find an even more accurate coefficient and theeetor
obtain a better percentage.

The DG impact - settings

The DG presence obviously will decrease the peagenf
success. The most important DG perturbation istduts

size. We imposed that the situation of discrimimgtihe
faultin a closer zone should never happen duestdouble
tripping that might occur. We can avoid this, & thoment
of coefficient selection criteria, by keeping ontiie

coefficients that always translate the DG contidoutin

discriminating the fault in a further zone.

RESULTS

The obtained values may have unexpected chardiceds
negative real and/or imaginary parts or an unexaect
variation due to the variation of the fault locatior the
fault resistance, Fig. 5.

— Threshold 4
~— Threshold »
ZonesR=0
Zones R=10
Zone; R=50
Zones R=100
Zone; R=0
Zone; R=10
Zone; R=50
Zonez R=100
Zone; R0
Zone; R=10
Zone; R=50
Zone; R=100

-0.2

S
\
\‘\3\\

IM(Zget)
\
N\
\
SO+ x<o0+ X

»
=

14 1.2 -1 -0.8 -0.6 04 -0.2 0
Re(Zget) Z.=12+12] Q

Results obtained for,Rn a rural feeder

Fig 5.
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As explained earlier, they should be treated abenadtical
values and only be compared to the thresholds tiem
point of view that they were constructed and notrira
physical representation or any expectation forrbaged on
experiences with other distance relays. The reatdisery
promising reaching 100% of success of discrimimafar
the most of cases that do not have DG injectiosuRiéng
the results in percentage obtained for differerdsgywith
different neutral groundings, using a"“and a complex
representation of the conductors, out of 46 cabe®did
not provided solutions with 100 % correct discriations.
Fig. 6. presents the percentages of success obhtaitieut
DG presence. By success we represent the prolyahéit
the method will function perfectly (for all possibl
situations). It must be understood that, the wayntiethod
is conceived, there are not any cases that allewoag
tripping. The difference from the obtained percgatand

the 100% value represents delayed tripping sitoatio

(under the maximum clearing time, always perforingthe
closest relay, which isolates the smallest posgibte).

IR

R1 RZ‘RI‘RZ‘RI‘RZ RI‘RZ R1 R2

Percentage [%]

12+12) 40 ACORDED -35A" ‘ +35A"
= rural IMPEDENT GROUNDING COMPENSATED GROUNDINGS ISOLATED
n

urba NEUTRAL
B mixed

GROUNDED
NEUTRAL

TRANSFORMER GROUNDING TYPES

Success probability of the method

Fig.6.

presence is a perturbation and if the errors iniced are
not controlled, the risk of double tripping appearse
method may apply to grids that don’'t change their
configuration frequently and that has a small numife
configurations (limiting the number of settings|ike the
grids with compensated grounding that are limitedhie
tuning precision — these grids have a lot of camfigjons).
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