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ABSTRACT

Disconnectors on MV applications are often considered as
providing a safe separation froma live network. This paper
shows that the purpose of a disconnector is different, that
its specification is not actually focused on safety, and that
theinstallation conditions are highly influent on the actual
safety level downstream. It seemsrelevant to consider these
devices for what they are, and to deal with safety matters
through a more global analysis of the physical installation
and operation procedures. Awareness of all the playersis
needed in order to overcome many yearsof driftsand twists
around the function provided by disconnectors, and to come
back to an unbiased appreciation of these devices for the
benefit of all users.

INTRODUCTION

In the MV applications, disconnectors are oftercijgel by
procedures or even regulation, and described asfaty
devices", or providing a "safety function". Beyahe fact
that these wordings are not defined, such spetiditado
not address the concern of safety in a satisfastagy nor
do they use disconnectors for the purpose they haea
defined. It can be at the same time an over-sgatidin for
the device, and a poor specification for the sadfetycern.
International standards have adopted similar wgrdin
some clauses which brings confusion on the puraodé¢he
added value of disconnectors.

APPLICATIONS OF DISCONNECTORS

Basically, the usual meaning of the disconnectots get a
separation from a circuit which could be live, wiibtter
performances than that provided by another switchin
device. However, it could be wise to know a bit emabout
which performances are impacted and how.

The primary application is when two power suppkes
connected to an installation and can run indepehdén
order to ensure that each "sub-network" withstaisls
insulation level, and will not be affected by pbési
perturbation on the other sub-network, the locatiwhere
conductors from both sub-networks are present shall
provide extra features, and typically an enhandéustand
voltage level across the distance between setsdictors.
Such locations can be bare conductors in the lastat,
conductors within switchgear and, of course, ofenacts

of the devices intended to couple the sub-networks.
Then, the current specification of disconnectars|udes
only specific performance for the dielectric withsd
between open contacts to accommodate the higlesises
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under service overvoltage conditions. This withdtas
expressed through two values, for industrial fremye
voltage and lightning impulse voltage, and checkétt

usual acceptance criteria, meaning an acceptatsiedler
occurrence of 2/15 under test (for self-restorivaylation).

DISCREPANCIES BETWEEN
SPECIFICATIONS AND USAGES

The IEV™ definition for "disconnector" is:

A mechanical switching device which provides, ia dpen
position, an isolating distance in accordance gjitbcified
requirements.

The IEV definition for "isolating distance" is:

Isolating distance (of a pole of a mechanical dviitg
device): The clearance between open contacts ngaén
safety requirements specified for disconnectors.

The specified requirements which are expressedim t
standard for disconnectdfSintroduce only one dedicated
feature, different from other switching devices aprén as
related to safety, which is the dielectric withstaltages
between open contacts. The values applicable fdiume
voltage are stated as part of the insulation leirelthe
common specifications for HV switchgear and
controlgeaf™.

For application requiring longitudinal insulatiofiThe
phase terminals belong to the same phase of & plwaese
system temporarily separated into two independently
energized parts (e.g. open switching devices)), the
international  standard dealing with  insulation
coordination’” proposes combined voltage tests, using
rated industrial frequency voltage on one termémal rated
withstand voltage on the other (both for indusfriaduency
and lightning impulse); such way of specifying éegting is
closer to the intended application, but more ditfico
apply in the laboratories, hence the approach irséioe
standardisation for products. The values tabledhm
common specifications are rounded figures veryecfosm
the resulting stresses of the combined voltags.test
Then, the very idea of "safety requirement”, seemhbany
users as the key added value of disconnectors, fiact
limited to a dielectric withstand level relevantr fthe
disconnecting application, without any consideratbthe
surrounding installation conditions nor the possibilure
modes, whereas considering failure modes is thie bars
any safety analysis.

No wonder that such a complex and fuzzy businegkico
lead the users to some mis-understandings. The most
dangerous of them would be to consider that a disector
alone is able to ensure the safety for people dvess.
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MALFUNCTIONS AND POSSIBLE HAZARDS

Pole-mounted disconnecting switches

Back-track flashovers

Pole-mounted switches are of common use on overhead
networks, and most of them are specified as switch-
disconnectors. When checking the topology of ovadhe
networks, often radial, one sees that these svétatevery
seldom in a location possibly energised on bothssid

The extra dielectric withstand is seen as contiriigub the
safety of any operator downstream, with the assiompt
that, in case of any overvoltage coming from thergised
part of the network, the possible flashover wilppan
between line and frame, thus preventing the dowasir
conductors from being reached.

Figl : Expected behavior under lightning stroke
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Fig2 : Possible flashover towards downstream conductors

Some flaws can be established in such assumpti@mast
common being the "back-track flashover" when the
overvoltage on the frame of the disconnector, éfishover
between upstream line and frame, also reaches abme
the dielectric withstand; this overvoltage is lidk® the
current flowing through the grounding circuit ofeth
disconnector, and is appreciated compared withaiimote
earth potential present on the downstream condsictor

In that case, another flashover happens betweprefeand
downstream conductor, resulting in the same sinas a
dielectric breakdown of the isolating distance.

Some magnitudes are worth to be considered whdimgea
with these phenomena:

- usual grounding impedance of poles (dependsafrgt
and civil work): 10-50Q

- inductance of the earthing wire along the pslé&:uH/m

- rate of rise of a lightning current impulse: opbtkA/ps

- height of poles: 8-15 m

with average values (30, 5 kA, 2 kA/us, 10 m), the
resulting overvoltage on the frame would reach R0
which is higher than most withstand values to eanthwill
generate some other flashover, typically towards th
downstream conductors.

Flashovers around isolators are widely accepted on
overhead MV networks, and are somehow unavoidable.
Then isolators are commonly fitted with arcing h®to
prevent damage when a flashover occurs. Such iloeina

is accepted because of the self restoring charstiterof
the open air insulation. But it is in contradictiaith the
safety function wrongly expected from a disconnecto
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I nfluences of insulation technologies

When dealing with solid or gas insulations, theustence

of spurious flashovers are no more acceptable.l@hds to
the use of overvoltage limiting devices to ensure
coordination. The usual understanding about coatitin
focuses on the withstand values, and provided dmat
insulation A has a higher withstand value that #rgoone

B in parallel, it is assumed that A will be proestfrom any
overstress by B.

Such an assumption is right when considering slanyixg
voltages, as industrial frequencies, but has been
demonstrated wrong for the fast phenomena. It i we
documented” for air gaps that the flashover voltage varies
according to the rate of rise of the voltage: angap
demonstrates some kind of delay before flashoveursg
linked to propagation of ionisation. Some otheulagons,
and typically solid insulating materials and SF68,gdon't
have similar delay.

Fig3 : Behavior of an air-point discharger under

conditions of lightning impulse, as function of peak value

point discharger e = 350 mm
tests performed in 1.2/50 wave
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When an SF6 disconnector is submitted to a surgfeehi
than both withstand levels (to earth, and longitat)i the
difference between the discharge delays will leadat
flashover in SF6, possibly across the isolation gap

It has been demonstrated that, with rated withstahges of
125kV and 145kv respectively for earth and open gaf
with a demonstrated flashover value to earth bdlé@kV

in air outside the tank, the flashover was obtainetiveen
the open contacts when a disconnecting switch was
subjected to a lightning impulse of 200kV.

Then, two sets of surge arresters can ensurehthatternal
withstand values could never be challenged. Howsueh
an installation could let some leakage currentsvifig
downstream when the open device is subjected to a
lightning surge on the line (see previous 8).

As soon as a voltage does appear between the &dsnoin
the downstream surge arrester, a current will floreugh

it. The value will depend on the characteristi¢hef surge
arresters and the voltage value but, anyway, thiot has
to be directed to ground. If the line is open davweeam, the
resulting voltage will be somehow equal to the agdt on
the frame of the disconnector which would be unpizaise.
The grounding conditions are therefore critical whe
appreciating the actual independence of the twessid
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RING SUBSTATION

When operating an open-loop network, the normatigro
point is typically in a situation which requests a
disconnector. The two ends of the loop can be gghpl
from different transformers, thus being actuallytpaof
independent networks. Then the loop-switches oRihg-
Main-Units are specified with good reasons as
disconnecting switches.

Fig4 : Typical connection scheme of a MV/LV substation
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When cable sections are earthed, the dielectressts
between open contacts and between live parts amefare
equal. In such a situation, the higher dielectrithstand
between open contacts is useless, especially bedars
discharge occurs within the substation, the metpHirts of

the substation and the earthed cables share the sam
grounding connection; the two failure modes - tougd

and across open gap - will lead to the same coesegs.

A surge could be diverted correctly through a samgester

and nevertheless generate a voltage (comparedesithite
earth) through the grounding impedance, voltagehvis
applied on all the conductors connected to the same
grounding connection.

If the surge generates a flashover within the $wiéar
itself, then the probability of a three phase in&rarc is
high, and heavy damage will be added to the irgtifects

of the phase to ground fault. That does not chahge
consequences for the downstream conductors, narttee
higher withstand of the disconnecting gap help tiimgi
damage.

CONSIDER A DISCONNECTOR ASIT IS

So, what is a disconnector defined for? A discotores
defined to be used at locations where separateonefwan
be present, so to ensure the consistency of thsaiien
levels of the overall system. That means the vathcst
values are not decreased by the fact these twarietvare
operated separately, under normal operating camgiti
All withstand values are demonstrated with a prdisic
approach, and, while failures are not completetheded,
the failure mode is not specified. In addition, @dy
minimal withstand values are specified, it is pbkesfor the
actual withstand value phase to ground to be hitjtzerthe
withstand value between open contacts. Then:
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- if the failure mode is a self-clearing curremivil through
the open gap, with no operation of circuit-breaker
damage to the disconnector, the disturbance isnmaini
such behaviour appears with vacuum bottles foants;
- if the failure mode is a current flow through thygen gap,
which needs to be interrupted by an other devieerésult
will depends on the present situation of the nektwaiith
earthed downstream conductor, earth fault protectiti
act perhaps fast enough to prevent a major fauttwiith
two live networks, the current possibly flowing Wwetn
these networks will be more difficult to diagnosen
evolution towards a major fault within the discoatue is
possible. Such situation could be observed withaa
insulated disconnector (air or SF6);

- if the failure mode is a flashover to ground tulibances
and damage will depend upon the neutral systerteqiron
plan and the insulation which failed (self-restgror not).
The installation conditions are much influencinge th
response of a disconnector to a high overvoltage, a
considering the disconnector alone as providingeskimd

of safety seems a mistake. When dealing with argted
downstream conductor, the extra withstand valughef
disconnecting gap does not bring anything compartda
"normal” value, meaning equal to the phase to gieatue.

In any case, if the conditions for a phase to gidlashover
are met (value and/or probability), consequenced bie
expected on the downstream conductors.

The usual understanding can be dangerously misigaais
the contribution of a disconnector to the safety of
downstream conductors is low and can be impairgubloy
installation conditions.

ENSURE SAFETY BY PROPER MEANS

insulation co-ordination

Insulation co-ordination is defined in the inteioaal
standardisatioff! as "selection of the dielectric strength of
equipment in relation to the operating voltages and
overvoltages which can appear on the system farwthie
equipment is intended and taking into account éreice
environment and the characteristics of the avalabl
preventing and protective devices".

The international standardisatih also expresses that
"Standard withstand voltage tests are performed to
demonstrate, with suitable confidence, that theuadct
withstand voltage of the insulation is not lowearhthe
corresponding specified withstand voltage". Forhhig
voltage switchgear, the confidence level is charészd by
the accepted failure rate during type tests.

Looking for a better level would not be always wise
knowing that the analysis of the insulation co-patiion
already incorporates many assumptions; these asisunsp
are made by experts, with the normal inaccuracytoltiee
non predictable nature of some events. Completlysina
requires significant effort -time and money- fosiagle
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installation, and are seldom performed for MV iliateons.
Then, some margin is used so the probability difai
would be low enough, on an economical point of view

overvoltage protection

Overvoltage protection is dedicated to the respédhe
dielectric withstand values of the equipment. When
correctly selected, it can prevent virtually argsfiover or
puncture through the insulation to ground. The prop
selection of surge arresters need some more assms\pt
about the possible level of surges which have to be
expected. The available information to support such
assumptions is most often limited, and over-speatifin of
surge arresters could be very expensive; therghbiee is
partly arbitrary.

Arresters limit the voltage at their own terminaad any
additional impedance between the arresters and the
insulation to be protected can increase signifigatite
stresses on the insulation. Good wiring practited! e
implemented so the arresters can actually provide
protection. The figure (frorft) shows examples for pole
mounted devices, but the same rules apply in asg:ca
identify where current can flow, and ensure that th
resulting voltage is not applied to the protectesuilation.

As reminded previously, the voltage of the "coldnpbof

the surge arrester, compared with remote earth,bean
rather high due to the grounding impedance. Bldragas
this point is common to all the accessible condegbarts,
the safety of a local worker can be ensured (ntecliec
breakdown thanks to the surge arresters,
equipotentiality of the area due to proper interamtion of
the conductive parts)

Fig5 : Arresters wiring: connections as short as possible

%:ﬂes(er % ii ‘
=

right wiring

and

wrong wiring

grounding impedances

Grounding impedances introduce voltages between
grounded parts and remote earth when subjecteclitwent
flow. Such current could be a fault to ground somene in
the installation, or a current surge through aesier. A low
value of the grounding impedance is necessaryeoent
the phenomenon of "back-track" flashover, and soal
critical if some other conductors within the inkttibn are
referenced to a remote earth potential; telecomeatioin
wires is an example of such conductors.

Surge currents flowing through earth wires and gding
impedances are the most common source of overesitag
for LV networks.
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working procedur es

Working procedures and technical awareness aredtegs
when addressing safety issues. Requesting a disctmin
when one side is earthed provides no technicaleyals
reminded previously, and can give undue confidéodtke
operators. Any switching device provides the satoaton
when the intended work means accessing conductochw
are previously earthed. But the safety has to sared by
locally bonding the conductive parts together idewsrto
prevent any potential difference between the aduess
parts within the working area. The potential of Waking
area compared with remote earth is not a concgtang as
equipotentiality is provided. "Step voltage" anauth
voltage" are defined by the standardisatibso to prevent
dangerous situations for human beings. Beinguasan of
assessing such thresholds within a working aredemun
various abnormal events, is the way for safetyaftalso to
be considered that human mistake is the most common
cause for electrical accidents, and proceduresowith
proper understanding and rigour are not alwaysiefft.
Teaching the basics of electricity and electriedéty, with
regular reminds, is part of a responsible actiomatds
safety, too.

CONCLUSION

Disconnectors on MV applications are often considexs
providing a safe separation from a live networkisTgaper
shows that the purpose of a disconnector is diftetkat its
specification is not actually focused on safety] #rat the
installation conditions are highly influent on tlaetual
behaviour. It seems relevant to consider thesecds\ior
what they are, and to deal with safety mattersutpnoa
more global analysis of the physical installationd a
operation procedures. Awareness of all the players
needed in order to overcome many years of driftisaists
around the function provided by disconnectors tamdme
back to an unbiased appreciation of these devimethé
benefit of all users.
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