CIRED

22d|nternational Conference on Electricity Distribution Stockholm, (38 June 2013

Paper 1012

CONTROL-CENTER-BASED AUTOMATIC FAUL T ISOLATION AND REST ORATION
SYSTEM FOR RURAL MED IUM VOLTAGE NETWORKS

Jukka KURU
Tekla Corporation Finland
jukka.kuru@tekla.com

ABSTRACT

In severe weather conditions when many fault interruptions
are simultaneously ongoing in overhead line networks,
control center operators are overworkieelcause dfieavily
increased dispatching tasks. At theekstt when outage
statistics reveal that the first corrective switching actions
repetitiously take too long, a new cesfective distribution
automation tool to pursue SAIDI reduction should be
introduced.This paper presentthe principles ofa new
controlcenterbased automation system (called FLIR) for
rural medium voltage network#\ proof of concept is
enclosed to provide an overview, key results asdr
experiences of the first implementation at Elenia Oy.

INTRODUCTION

Various algorithms [1] andtechrologies have been
attemptedn the area of automatic fault isolation and supply
restoration.Many of the recently implementegolutiors,
e.g.[2], arebasedon modern intelligent electronic devices
(IEDs) utilizing local automationand therefore not
applicable in large scale without making significant
investments on network assets and data communication.

Themain objectivas to reduce outage times by speeding up
fault location, isolation and restoration. The study assumed
that automation is exploited iggical current Finnish rit
networks, having some remetentrolled load
sectionalizers, some tie points for interconnections, and only
few fault indicators, if anyAs a starting point, FLIR is
expected to work withouany additional network asset
investnens, such asipgradedEDs.

In software architecture, further development of existing
distribution management systgd@MS) and SCADA was
considered to be the key to the solutiBy.minimizing the
efforts of modelling because required information isadly
available The roles of these subsystems were defined
clearly. DMS composes switching sequence proposals and
SCADA deploys them into real actions in the field and
substations, eietr by beingsupervised bypperators or fully
automatically. Automation process requires detailed
informationof network asset® beintegraed not onlywith
thereaktime status of thanetworkbut alsowith the status

of remote control.Especially in a multvendor system
environment, the communication between DMS and
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SCADA is essential to success.Web Service interfage
called FLIR WS, was developed to enablseamless
interoperability FLIR WSprovides mangadvantagesghen
compaedto traditional tweway-communication based on
immediate executer check before executgpe of control
commandgavailable in standard protocals)

In an interconnected circuyitFLIR is able to isolate the
faulted zone of the network and the supply for reingin
parts can be restored viaptrated back feeds. Iradial
circuits, automation camnly use the main feed router
restoration.

CONCEPTUAL MODEL DYNAMICS

FLIR creates twosimplified runtime models from the
actual faulted feeder and its surroundisggtchmodel and
areamodel These models are dynamic in order to enable
FLIR to adapits functionality to differenkind of changes
while automation is runnin§¥hen composing the proposal
of isolation sequence, the focus is only onaheamodel.
Switch model (figure 1) enables SCADA to perform
required evaluation (both precondition gkt condition)
steps while executing the sequence.

Figure 1. Switch model of a sample feeder F1

Switch model is basically a list of all related remote
controlled switchegdmthe faulted feeder F1, including the
feeder circuit breaker (CBF1), loadctionalizersq.g.SF1)

and tie points€.g.T). The switches in the main feeolute

e.g. circuit breakers (CBMFR) and busbar disconnectors
(SMFR) of the main transformer are included. The
corresponding switches of all possible back feed routes are
presented in the switch modas well
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Figure 2 emphasizes the dynamicthefareamodel Onthe
left, sample feeder F1 is pmyed ina prefault situation
(tie points T4 and T5o0nedrom Al to ABenergizednda
distributed generation DG1 connecteat)the middlethe
same feeder is psentedafter being faulted (CBih open
state DG1 disconnected and thenes deenergized).

Area model
reduction

Figure 2. Dynamics ofareamodel

On the right, the same feeder is presented afteax
precondition evaluation that revealdthis time) two
sectionalizers (S2 a@nS3) beingnoperative To prevent
control actions for thesavitcheszonesAl, A2 and Bare
merged into zone A123Thanks tothis area model
reduction procedure, which naturally covers manually
operated switcheg¢e.g M8) as wel] the composing of
sequence proposaiakes place in aimple andconsistent
manneibut not forgetting adaptation to recent changbis
increaseshedegree okuccessn the long run

ZoneB3 presents a sectionalizistation.lt can be esumed
that like in with reclosers €.9.R7), the switches ofhese
stations are ssembled with more reliabBmmunication
compared to single polmounted remote controlled
switches in the fieldThis division affectsthe operation
principleof thesequeneproposalfigure 4, which enables
FLIR to splitthe rolling sequence in tosparse phase (more
reliablei less accurajeand dense phase (less reliable
more accurade

The conceptual model dynamics enables SCADA to execute
simultaneou&LIR caseseven whemaving sharedbjects

in themainbackfeed routeswithout harmful interactionas

long as thearea modelslo notoverlap

PRINCIPLE OF AUTOMAT ION

The response of anleetricity distribution system to
corrective switching actiongannot be detefined in
advance There are always somfactors of uncertainty
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which means thathe final state can vary a IdEigure 3
highlights this dilemma withraarea model of smaltscale
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Figure 3. Alternate final states of automation

After estimatigp possible benefits, drawbacks and
performance issues of different approaches, it was decided
thatthe composing of switching sequence proposal should
take placen two phases

(1) The first phase starimmediately after having switch
model sharedbetween DMS and SCADAThis phase
results in gproposablealingwith theisolation of the faulted
zoneand restoratiofif possible)via the main feedroute

(2) The second phase &dplace aftetheexecution of the
isolation sequendaascompleted This time the proposal is
focused on back feed restoration only.

The approacheads to thdollowing conclusion: It is not
enough to compile a straightforward sequence that contains
only the most probable path of execution. Instead, the
proposal must include cblk points(for evaluating the result

of the previousaction) and conditional paths after each
check pointBy using this principlel-LIR is able taeact to
various changes in the switching state of the related network
while automation is running, evevhen havingareliable
hypothesis ahat the faulted zone.

Before composinthe isolation sequence, FLIR perforens
fault location analysis, which resuitsone the followingas
astarting pointfor the execution of the proposal

(1) Reliade hypothesis atutthefaulted zoneThis can be
reached when there are enougtiable fault detectors
mounted at the line crossing points whemotecontrolled
switches are located.

(2) One suspected zone. This can be reached by asing
computational fault locatiormethod based on actual
measurements in thsubstation Another method is to
calculatefault probabilities for each zone based on fault
frequency data of each network component in the feeder.
FLIR introduces a probability calculation method that
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combines tk results of the computational fault location restore power via the main feed, or if trial 2 disproves
methodand the fault frequency method. suspected zone to be faulted. Rolling is started with sparse
roll sequence by nams of sparseoll sectionalizerse.g.S3

and R7(figure 2. Rolling takes place downstream and
switches are closed havingstream side energized. Sparse
roll sequence is successful when all zones are restored or,
more evidently, when the fault is locdtén a section
between two consecutiveparseroll sectionalizersand
when the supply is restored to possible zones via the main
feedroute If necessaryautomation continues with derse

(3) Faulted zone unknown. THigppensvhen the methods
described above are not available or the results of them are
not good enougliarth faults are examples of casdseve

the faulted zone iypically unknown.

Figure 4 presents the operating principle of the proposal.

Reliable

hypothesis about ’ i roll sequence. This time, rolling is performed by means of
faulted zone

denseroll sectionalizers e.g. S2 and S6.Denseroll
sequence is successful when all zones are restored or, more
evidently when the fault is located in a single zone ted
supply is restored to possible zones via the mainrfasted

The last part of the sequsm proposal contains closing
actionsfor tie points (e.gT4 in figure 2)to restoresupply
from back feeds tthe deenergized zones locatéehind
the faulty zoneThestagetakes advantage of power system
analysis to evaluatdternateback feed situatins. Rossible
limit violations regardingoad gradeandvoltage dropare
detectedln addition, the protection condition regardthg
minimum phasédo-phase short circuit current is checked.

. . o WORK FLOW
Figure 4. Operating principle of the sequence proposal
The work flowin FLIR (figure 5)letsSCADA execut ezh
As a prologug(if not disabled bysystemconfiguration) sequenceithouttheneed fomon-stogping communication
automation beginwith a simpétrial sguence, callettial betweerthe subsystems

1, contairing only one control actionwhich closes the
feeder @rcuit breaker. The purpose thfetrial is to checkf
the faultexiss. If the faultdisappeas, the execution of
more complicated actions is avoidetrial 1, like any
closing action in a sequeng@oposal, may precede a
computed witing period to avoidconstraintviolations
regardingthe shorttime thermal withstand afonductors

Thenextsubsequencegnsidedashed rectangiéorm the
isolation sequence. #reliable hypothesis about the faulted
zoneexistsor when one zone is suspected, the isolation
sequence contains two paths to end up: either the
straightforward patkiia animmediate isolation sequence or
via afallbackpathto rolling sequenceésparse andense)

The roling sequence are the only possible route ihe
faulted zonas unknown.

In straightforward path, the immediate isolation sequence

includes not only the isolation diie suspected zone but

also restoration to possible zones tfiamainfeedroute

When enabled by system configuratiothe sequence  rjgyre 5 Work flow anddataexchangeommunication

continues withanother trial sequendgial 2) to guarantee

theisolatedzoneto bethe faulted one. In pracs, trial 2 Thedataexchanggommunicatiorvia FLIR WS is used to

causesnextraoutage period taonesalreadyrestored. manage thdife cycle of eachFLIR casesynchronized o
bothsides For IT security reason§LIR WS requests are

Fallback pathis chosen if the immediate isolation sequence always initiated by SCADABeside FLIR WS, a standard
failsi.e. if another zone is detected as faulted when trying to ’
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