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IMPROVEMENT OF SAIDI AND SAIFI RELIABILITY INDICESUSING A SHUNT
CIRCUIT-BREAKER IN UNGROUNDED MV NETWORKS

M anuel Gonzalez

ABSTRACT

This document has been created after the report
published at CIRED in 2005, 2009 and 2011 (Shunt
Circuit-Breaker in Ungrounded Medium Voltage
Systems — ref. 0028, 0875 and 0182), ref.[1].
Established in the cantons of Fribourg, Neuchatedl a
Vaud, the Swiss company Groupe E currently operates
its medium voltage networks in ungrounded mode.

To eliminate insulation faults, in the case of #&nline-
to-earth fault, we use shunt circuit-breaker systemith
unipolar closure connected to the MV busbars of our
substations.

This system facilitates fault elimination withoutet
necessity to open the faulty line. As for any etitim or
current limitation systems, Petersen coil or earth
resistance, the power quality is affected.

Initially we had favoured the operation of our netks
without interruption, acting solely to eliminategitive
ground faults, occurring in our aerial networks.

After this stage and with an increased rate of
installation of the arc suppression systems (shunt
circuit-breaker), we wanted to extend this phijosp
across our networks, including underground systems,
with the aim of maintaining operational continuitythe
event of permanent ground faults

According to our estimations, this extension ofhsic
application must improve the quality of our suppin
improvement can be seen from analyses of the events
recorded over five years and the calculation of (BEE
continuity indices, ref.[2].

However we also envisage some operating constraints
The changeover to the new operating method cannot
occur without a review of the protection settingswill

also be necessary for certain installations to bagted
including the operating and intervention processes
during the course of the fault clearance work
installations.

The purpose of this study is to verify these suppos.

ASSESSMENT AFTER FIVE YEARS OF
OPERATION

Per our disturbance statistics, we count almostfa0lds
of all types per year, of which half of them arewrd
faults.
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From the latter, 72% are faults of a transitoryunat
Using our previous operating method, the insulation
faults detected in our MV distribution networks wer
eliminated by opening the line concerned. We waited
reduce the effect of the occasional outages baliimgy
shunt circuit-breakers in the MV busbars sets andn
initial step, developed this technique only for aerial
networks.

The question then arises to extend the applicatiche
underground networks and to pursue the continuity o
the supply in the case of a permanent fault (28%hef
ground faults). The improvement potential is then
significant:

e Elimination of the faults, no degeneration of the
unipolar fault to a short-circuit

e Securing of the fault zone (increased fault
current)

e Stabilization of the network
(suppression of the transitory regimes)

* Improvement to the continuity of supply

voltage

It must be remembered that in a cable, a grountt fau
degenerates very quickly to a short-circuit between
phases unless we reduce the current at the fauaitiém
very quickly, (for example with the aid of an extiion

or current limitation installation). According tthe
studies made, the probability that this type ofltfau
appears is close to 80% of all faults; the stassthen
indicate that in 15% of cases, the fault degensratea
two-phase short-circuit, and in 5% of these even to
three-phase faults ref.[3].

The extension of the method of extinction by shunt
circuit-breaker to underground systems and the
pursuance of supply continuity can thus present
technical or operating constraints. However, adicoyr
to our estimations, it can also improve the quaiitypur

supply.

IMPROVEMENT OF CONTINUITY OF
SUPPLY DEPENDING ON METHOD

Restricted operation mode: extinction of only
fugitive ground faults; reminder of the
oper ating mode.

On the appearance of a ground fault, the line doeal
protections start and signal the presence of thie fa
Simultaneously the shunt circuit-breaker rigidlpgnds
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the affected phase at the HV/MV station, approxeatyat
0.3 seconds after detection.
Two distinct cases can then occur:
1. The zero-sequence curreist extinguished by
the action of the shunt
2. The fault is metallic and a load current is
established across the shunt.
In the first case, an automatic shunt opening isaed
after 5 seconds.
If the ground fault is permanent, the line cirdoieaker
eliminates the fault opening the feeder.

In the second case, discrimination takes placehey t
detection of the permanent load -current (active
component of the 10 current, exceeding approxingatel
25A) and the definitive opening of the shunt citeui
breaker.

Impact on the supply reliability

In this initial operational phase, we notice thaet
enhancement concerns principally rural networks and
mainly, though with only slight effect, the MAIRhdex
(Momentary Average Interruption Frequency Index)
according to the classification of short interrops less
than three minutes. This is quite justified sinaalts of
this type occur principally on overhead grids, aitgh

the number of short duration faults is more impairta
than those of long duration.

It can therefore be assumed that the applicatiothisf
method favours the supply quality perceived by the
customers not subject to short duration outages but
having little influence on the measurement index.

MAIFI (rural network improvement)
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Figure 1: influence of the shunt circuit-breaker thie
MAIFI continuity index (extinction of the transitpr
faults only in aerial networks)

Extended operation mode: protection of the
underground  networks and maintenance  of
continuity of supply during per manent ground faults.

The selective logic is identical to that used istrieted
mode. However, to prevent a ground fault degeregati
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to a short circuit, the system must respond morektu
than in the preceding case. The adjustments to the
protection relays must be revised.

The action of the shunt circuit-breaker is then
instantaneous: reduction in the mechanism readtitiog

is approximately 60 to 80 ms. The maintaining of th
supply can then take place. As with restricted afen,

the fault current is greatly reduced at the faottation,
sufficiently to avoid a breakdown of the element.
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Figure 2: Permanent fault in a network with insedht

ground, voltage 18 kV, reduction of the capacitive

current at the fault location (test carried outhwiitip at
0.359)

As the distribution networks are provided with nplé

opening points fitted with line circuit-breakershet
operator can then manually or automatically inguthe
faulty area before it suffers a breakdown, desimacof

the element and interruption of the supply.

The extinction is only possible if the energy disded in

the electric arc is relatively modest, permitting a
regeneration of the electrical insulation (air msulating
material).

If the current at the fault location is too grestitistics
show that 92% of the ground faults degenerate as
described and bring about the interruption of tinepsy
before the operator is able to isolate the faudtstion.
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Figure 3: Ground fault degenerating to a shortegfrin
a network with isolated neutral, voltage 18 kV
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Impact on the supply reliability

An analysis of the performances of the extendedaukt
shows an improvement in operational continuity in
urban and suburban networks, directly influencihg t
SAIFI indices (System Average Interruption Frequenc
Index) and the SAIDI (System Average Interruption
Duration Index). Although the probability of a fauh

an underground network is less than in an overlosad
the improvement potential is more significant tirathe
previous case because of the greater customertyglensi

SAIFI
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Figure 4: Improvement of SAIFI and SAIDI indices in
the urban and suburban networks, by using extended
method of extinction (maintenance of supply)
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Figure 5: Improvement to the SAIDI index of urbarmda
suburban networks by the application of the mariaj
of the voltage in the case of a ground fault.

OPERATIONAL CONSTRAINTS

Compliance with the safety standards applicableigt
voltage installations must be guaranteed. In trentof
the functioning of a shunt circuit-breaker in cldse
operation with permanent fault, values of contaud a
step voltage must not exceed the permissible ljmétfs

[4].

This requirement involves ground connectors wittv lo
impedance values which is generally the case imrurb
networks but difficult to realise in rural overhekles
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(grounding of the MV/LV stations on masts, switch-
disconnectors, lightning arresters on posts etthen
the periphery of an urban underground network alden
to the overhead networks, it is possible — if the
conditions detailed above are not satisfied — t@lige
the definitive tripping of the aerial sector when
permanent faults have occurred precisely on thigrla
part.

This constraint compels us to conclude that thehotbt

of maintaining the supply can only be understood fo
entirely underground or mixed networks, with the
overhead sector guaranteeing the non-dangerous faul
voltages. In the opposite case, permanent fautistéal

in the aerial part must be eliminated by the system
isolation circuit-breakers whilst transitory faulise still
eliminated by the shunt circuit-breaker.

Repair of the faulty section in the case of a
per manent fault

With maintained operation on a zero-sequence fault,
capacitive current is generated and concentratetian
ground connectors of the source station, but aqaarte
taken back to the fault location. This characterist not
to be neglected as the localisation operationshef t
faulty sector and its insulation are live.

It is not recommended to proceed with these opmrsti
via the actions of the aerial switch disconnecters,
these are not designed to stand these electrical
constraints. Although the closure of the shuntuiirc
breaker permits this action, it is more appropriateise

the line circuit-breakers.

The advantage of maintained operation is that the
duration of the power cut necessary to realiser¢peair
work is limited solely to the faulty section. Cogsently

the number of customers finally affected is reduced

In the event of the restricted method being appiigdly
to fugitive faults, a power supply cut is initiatéd the
presence of a permanent fault, Seconds after the
appearance of the fault (faults degenerating thats
circuit are eliminated instantly by the line circui
breakers). Thus the intervention teams work fraant s
to finish without the presence of voltage.

For safety reasons, mixing the two operating
philosophies and the repair is prohibited.

This reflection prompts us to state that maintained
operation in the case of a permanent ground faiit c
only be understood when our MV networks have
achieved a sufficiently high installation rate dfet
extinction system. At that time, a development af o
operating philosophy is envisaged.
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CONCLUSION

By the application of the continuous operation
philosophy during permanent ground fault, the gcbun
fault extinction system improves the continuity tbe
service. Moreover, in the underground networks, it
avoids degeneration of ground fault into a shatui.

However, some precautions have to be considered:

- Adjustments of the protection system must be
adapted to new references

- Earthing system of electrical equipment must
be improved to guarantee the safety of persons
and property.

- Overhead lines have to be separated from
underground systems.

- Intervention procedures must be adapted during
breakdown localization operations.

CIRED2013 Session 2 Paper No 0112

REFERENCES

[1] Jacques Dutoit, P-A. Chamorel Shunt circuit-
breaker installed in ungrounded medium voltage
systemsCired 2005

[2] IEEE-1366 2003 Guide for Electrique Power
Distribution reliability indices

[3] P.-A. Chamorel et W. Schoch, avril 1993, SRE —
Réseaux de répartition et de distribution 20 k\id€tde

la protection sélective contre les défauts a lager

[4] Chancellerie fédérale, Ordonnance sur les
installations électriques a courant fort 734 (fuillet
2012)

BIBLIOGRAPHY

M. Espalieu, 12 janvier 2001, EDF GDF Services —
Montées en potentiel et réseaux HTA ruraux et
périurbains

P.-A. Chamorel, 1998, EIVD Energie électrique Il -
Notes de Cours — Chapitre Calcul des courants deteo
circuit

ETG - Informationstagung, 13. Marz 1991 und Luzern,
17. April 1991:Sternpunktbehandlung in MS — und HS —
VerteilnetzenBurgdorf

ETG - Journée d'information de I'ETG, 15 juin 1993:
Exploitation des réseaux a moyenne tension (1 RGO
lors d'un défaut a la terre maintenBribourg

H. Persoz et autres, EDF — Eyrolles 1984, Collactie

la Direction des Etudes et Recherches n° 5Qa-
planification des réseaux électrigydaris

SRE/SEC, 5 aolt 1992 Réseaux de répartition et de
distribution 20 et 10 kV, Traitement du point neutr
Courants de terreClarens

G. Koppl, 98-03-18, KPE Sternpunktbehandlung im 16
kV-NetzSTW Baden, Alternativen

VSE Druckschrift 5.68 d/f, Fachtagung .18ovember
2004,Erdschlussprobleme in Verteilnetz

Dr. Becker MAT GMBH, D-22941, 6.01.2002,
Maschinen und Anlagentechnik Bargteheide -
Entlastung de Fehlerstelle durch Phasenerdung
Siemens AG — Oktober 200Pransient earth-fault relay
SIPROTEC 7SN600

ABB — Unité de commande et de protection REF542plus
ABB — Breaking HM1 Synchro, Medium voltage SF6
gas insulated synchronous circuit-breaker for priyna
distribution

ABB Sécheron SA - Powertage 4. mai
Anwendungsspezifische Systemlésungen von
Beispiel: Erdungsschalter in isolierten Netz&erlikon.
Schneider Electric — Distribution publique - Maite
mise a la terre du neutre HTA

2004,
ABB,



