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ABSTRACT

Recloserswith special protection functionality allow for the
utilisation of existing overhead distribution lines beyond the
traditional limit. For example, loop automation is used for
restoring supply from an adjacent feeder and broken
conductor detection enhances the safety in distribution
feeders.

Beside of the typical application in overhead lines,
reclosers are increasingly utilised as feeder breaker in
substations. While the commonly employed vacuum
technology allowscircuit breaker like application, reclosers
are tested differently to circuit breakers. The paper
discusses differences in testing and consequences for the
application.

INTRODUCTION

Distribution systems are in transition from simplypplying

energy to multifunctional grids with focus on high

reliability and efficiency. Reclosers play an imiamt role
for overhead systems because of their unique aiiitin.

They are installed in remote locations and act as a

"outpost”. Based on their good protection, commatii
and control functions, reclosers can fulfil a numifeduties
including (i) reacting like a circuit breaker in ufa
situations, (ii) reclosing and re-configurating gystem to
restore supply, (iii) monitoring power quality arfo¥)
controlling the load to stabilize the distributisystem.
This paper describes functions which are utilizeshodern
reclosers for distribution automation beyond thiginal

task of simple breaking and reclosing. This covers

protection functions to utilize existing lines up the
thermal limit, load shedding and broken wire detect
They are used to extend the life of existing eqeptrin
order to defer investments for upgrade.

The paper will also cover the use of recloseraustgute
for circuit breakers. This trend is observed beeaok
compact design and easy installation of reclogased on
the vacuum switching technologies of modern reckote
behavior is comparable to circuit breakers. Dughi®
differences between recloser and circuit brealardsirds
the testing is different and has to be taken iotmant for
these applications.
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RECLOSERSIN DISTRIBUTION FEEDERS

Reclosers have changed significantly during regeats.
Modern reclosers are normally based on vacuum ot

with magnetic actuator, which ensures performance

comparable to a circuit breaker. The integratedrobis
often equipped with more functions than the prabect
relay of switchgear, and is specifically designeud f
overhead feeders.

Protection functionsfor rural O/H networks

Beside of the basic overcurrent protection, reckohsan
provide special protection functions required feeidnead
feeder protection.

1) Long rural lines and its specific characteristics

Long rural feeders have high line impedance dulerig

feeder lengths, which result in low fault currentdls. This
makes it difficult to distinguish faults from ovedd

situations with similar current levels, especiatliycase of
distant faults. 50 or 51 overcurrent protectiomelats may
not operate because of the low fault level.

For these special cases the 51V voltage dependent

overcurrent function has been developed. It endripgsng
of the recloser only in fault situations. The cdiwdi to trip
is based on a combination of the current level trel
voltage drop level. This distinguishes betweentfanid
overcurrent situations.

Overload situations are common for long rural feddey
vary in current and length, so it is difficult tets trip level.
Setting the level too low will lead to both unnssary
tripping and power interruption. If the level iothigh, it
may damage other equipment when the fault lastotap
The real issue during overload is the thermal stoedines

and transformers. This can be prevented using the

49 Thermal Overload function in the recloser, which
calculates the integral heating of line. It takexhbthe
current level and the time for this load into aauoidigh
levels of load current will be tolerated if theywmiat last too
long. When the current is low, the overload doeshaom
the line when it lasts for an extended time. Thigtgction
allows the maximum utilization of existing linesthdut
nuisance tripping.
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2) Load shedding in case the demand deviates from the
supply to prevent outages

In the not-so-distant past, blackout prevention avasajor
topic; however today this issue is rarely discussed
However, reclosers allow smart load shedding sckeme
using their satellite position in the network. Wheer the
network becomes weak, i.e. the demand is higher ttia
available supply, the voltage and frequency innéevork
will start to drop. A fast reaction within seconsgsequired

to switch off certain parts of the distribution wetk in
order to reduce the load, keeping the remainingvort
powered up and stable. The decision about droppénts

of the feeder will be made on utilizing the 81 Uri@wer-
frequency and 27/59 Under/Over-voltage elementgyTh
will contain settings for which frequency or voleap the
network section shall trip the recloser. When thppdy
normalizes, the feeder recloser will be switchedkban
while monitoring for overcurrent issues. [3]

The 51C cold load function makes sure the feedimnet

trip immediately after closing. It allows increasaarent
levels for a determined period of time, which iital for
cold start situations.

3) A broken conductor application with focus on
personnel safety

A broken line situation poses a high risk to persdn
working on or around the distribution lines, espligiwhen
the line has fallen to the ground. While it is easynany
networks throughout the world to detect downed
conductors, it is difficult in the multi-groundeatworks
common in North America. An excellent solution &tett
this fault is through the broken conductor functiorthe
recloser. If a broken conductor is detected, thie sa
assumption is that it has fallen to the ground. fewtoser
trips the circuit, and a repair team should be icliately
deployed to correct the situation.

A broken conductor can be detected by comparingtiey
and positive phase sequences in the feeder. A jnrie
level indicates a broken conductor, regardless haf t
upstream or downstream location. Since the sanszteff
happens when a CT or VT fails, there are some iaddit
features to distinguish these faults as well.

4) L oop automation

The LOV function is applied by reclosers at thetiseing
points along a feeder and by a Normally Open (Fait at
the junction of two feeders, see fig. 1. The puepissto
ensure the automatic restoration of power to asyman
customers as possible. Cain [4]

Following the permanent-fault lockout of a souraat,only
the faulted section will lose, but also the dowesin
healthy sections of the network. Automatic network
reconfiguration improves system availability anduees
Customer Minutes Lost and SAIDI by automatically
isolating a faulted section and then quickly raetpservice
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Fig. 1: System diagram showing ring (loop) withmaily
open (TIE) point

to the unaffected healthy sections of the systehis &
achieved by sequential opening of the downstreatoser,
which has not seen fault current, thereby isolatimeg
faulted section and then closing a Normally OpesFaint
to back feed the healthy sections. Automation isnadly
applied in areas where there are Normally Operi?oiats
to other feeders to enable system restorationagé feeds.
Controller protection settings must, therefore, loe
directional with forward and reverse settings t@atda
grading in either direction independent of system
configuration.

RECLOSERS AS FEEDER BREAKERS
SUBSTATIONS

Circuit-breaker for medium voltage application aecloser

use similar technology. Vacuum interrupters aréntreat of
both devices. Despite the use of the same basindémgy,
circuit-breakers and reclosers are tested accortting
different standards including different test duti€gcuit-
breakers are tested according to IEC 62271-10ERBEI
C37.09 but recloses are tested according to thé dua
standard IEEE C37.60 / IEC 62271-111.

IN

Comparison between short-circuit testing on
circuit-breakersand reclosers

The first difference is that circuit-breakers ussharter
operation sequence. It usually consists of 3 openations,
and the time between the second and the third iogak
operation is significantly longer than the firstmé
difference. A common sequence is O - 0,3s — COin3m
CO. Reclosers usually have 4 open-operations in an
operating sequence, and the time delays betwesetoad
and following open-operations are usually shohtentfor a
circuit-breaker. A typical sequence is O - 0.290 C2s -
CO - 2s — CO. Due to the shorter time between tBe C
operations the vacuum interrupter in the reclosiéhave a
higher stress than a circuit-breaker.
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Despite the higher stress from the operating sexgjehe
following investigation evaluates the total numbsr
operations at different current levels. The dufyssl E1,
defined for circuit-breakers in IEC 62271-100, eom$ one
operation sequence for each test duty. The stresben
equipment under test is obviously less than théstes
according to the recloser standard. Because dfetiisthis
investigation will only compare the duty defined t62-
class circuit-breaker with the duty defined in theloser
standard.

Table 33 of IEC 62271-100 contains 3 different test
methods for testing class E2 circuit-breakers, refiers to
the calculation between the methods in referente [5
Vacuum interrupters are usually tested accordingt.
Some types of vacuum interrupters can withstand a
significantly higher stress than is defined in8sSince list

3 exceeds the contact wear generated from listtihtgby
34% according to the calculation in [5], the conigam is
performed on the test duty given in list 3 onlycdintains
one full sequence (3 times open) of T10 and T3G&idgle
open operations of T60, 15 full sequences (3 tiopes) of
T60 and 2 full sequences of T100.

The recloser test according IEC 62271-111 usesreéifit
percentages of the rated short —circuit currestebd of 10,

30 and 60 and 100% as used in 62271-100, the ezclos
standard tests with 20, 50, and 100%. Details aengn
table 1.
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Table 1 — Operating sequences E2 circuit-breakeds a
reclosers
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Different methods are used to calculate the comtiagion
or duty. In [5] the equivalent number of operatiass
calculated using

N = (05 sy

I
With Isc, = rated short-circuit current andcl= applied
short-circuit current
In addition, a 2-step model is proposed, where the
equivalent number of operations for current bel®fe3f
the rated short circuit current is determined with
exponent of 3. For higher currents between 35%180&6,
an exponent of 1.7 is used. This investigationaa on a
Sk buffer circuit-breaker. Vacuum circuit-breaker are
usually characterized with much higher short-circui
interruption capacity; therefore this 2-step madely not
be applicable for vacuum circuit breakers. In [#] a
exponent of 1.5 is discussed, together with an esgpioof 1
for smaller currents. In general it should be taksio
account that all these methods are models desigmed
provide guidance on electrical life measured bytacn
wear, using data from a limited set of currentrintption
tests. Ref. [6] describes the influence of différeontact
designs. The arc between the contacts in vacuunitseés
contact erosion and the amount of metal vapor agtdliic
particles depends on the contact material. Riffemodels
of contact erosion all use the general method koutzte
the equivalent number of operations. The choicetfe
exponent is based on past experience, and rangeduie
from 1 up to 2. To understand the effect of thpogent
value, the comparison between the circuit-breakdrthe
recloser tests was done for two exponents. Itig Meely
that all the different interrupter designs fallarihis range
of exponent variation. The exponent variation range set
to1.5-1.9.

Calculation

Fig. 2 shows the number of breaking operationsths.
breaking current. In multiple test series, and &i46], [6]
and [7], it was found that the relation betweenrthmber

of full short circuit breaks and the number of date
continuous current breaks at the M2-level (10000
operations) creates a line in a double logarithhdiigayram.
For a linear equation in a double logarithmicafdéen, the
slope of the line is equal to the exponent.

Similar to mechanical engineering, the wear is m@Ted

as a wear rate V.-The wear produced during a test is a
function of the number of operations, the contaosien
rate and the current.

V.=Nal?

where N is the number of operationgs, is the erosion rate,
lis the current ang3 is the exponent discussed previously.
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For a complete test series, the wear is

V, = ZViTX in which Vi« is the wear rate produced

during the different test duties.

For the circuit-breaker test this formula resutts i
ViCB :Vino +ViT30 +\/iT60 +ViT100
and for the recloser test

Vire =Vir20 *Virso ¥ Vit
From the circuit-breaker wear rate and the reclossar
rate a quotient is made

V

Q==
\/iCB

A recloser with the ratings 12.5kA, M2 class (1®00

mechanical operations) was calculated. We fouridtzen
stress of about 14% for the test according to dutoser
standard IEC 62271-111 as compared to the testdingo
to list 3 for an E2 circuit breaker in IEC 62271010 he

difference between exponents of 1.5 and 1.9 wa®min
with a difference of ~1% between the 1.5 and 1.9

exponents.
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percent of rated short-circuit current

Fig. 2: number of breaking operation in dependdrmm
applied short-circuit current
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CONCLUSION

Reclosers combine fault interruption with long élieal
and mechanical life, together with control systetimat
allow for sophisticated fault detection and pratatt This
combination allows reclosers to protect feedesrsags far
beyond the traditional duty of interrupting higloghcircuit
current faults. This performance, combined with $imall
size and easy installation, make reclosers anctttea
alternative to substation circuit breakers. Theloger
short-circuit test duty in IEEE C37.60 / IEC 622711 is
about 14% more strenuous than the E2 short-cidutit
according to list 3 in IEC 62271-100. Therefoeglosers
can be used as an alternative to standard circesikirs.
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