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ABSTRACT

6.6kV/11kV Oil CircuitBreaker of vi ntage 1 hérgdd dinf

still operating in many utilities today andpotentially
representa very high percentage of the total network
population.Originally installedcircuit breakeramayhave
become unsuitable for a number of reasons; such as their
operational requirements, or their asset condition, or they
may have a restricted network duty. This papetfines a
number of cost effective solutions to enablelder
equipmentthat is no longer manufacturgtb be rérofitted

with a modern design Furthermore it considersthe
experience of one electrical utilityafter undertaling a
retrofit programme of 1,100 circuit breakes. A
standardised approach is promoted to replace the many
variants and peripheral desigrwith just a handful of
modern products

INTRODUCTION

In the past decade, WK Distribution Network Operar
(DNO) has retrofittedn excess of one thousaddkV oil
circuit breakers( o ¢ bwiithsa) Vacuum or SF&ircuit
breakerwithin one of the regions.The volume represents
one thirdof the total 11kV feeder popuian. The thrust of
replacement was éwmsed onsix Original Equipment
ManufacturersQEM) and nineteemariants dating back to
the 196006s with differing
centres

RETROFIT TING i THE BUSINESS CASE

There are a number of reasorfer retrofitting 11kV
switchgear, not least fromtachnical or sategicviewpoint
Each DNO haslightly differing need due to Istorical
policies whichresults inan extensiveangeof requiremers
for any oneretrofit. Some tehnical and strategic reasons
are listed below.

Fault Level

A switchboard may be operating above its rated fault Tevel
for a number of reasons including network reinforcement,
added generaticemdparalleling ofsystemsFault rating on
UK oil switchgea at 11kV is generall13.1kA (250MVA)
and a modernacuum circuit breaker will be ratetiZ0kA

to 25kA (symmetricaRMS break)at 11kV.

To review the fault level of a circuit breakercamplee
fault level analysis is required, which goes beyond simply
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looking atthe fault levelratings stated oequipmentating
platsFeeder fault ratings

enerallyfully assessedt fixed periodsunless there are
&8in tik finferim,such as generation.
Although thereappears to beno standard practicer
internationally recogised guidelinegit is sensible to review
thefault levelof circuit breakersvhen itis withina margin
of 5%of anyof its keyratings. A more detailednalysican
thenbe conductedvhich looks atindividual ratings such as
peak making currentms brealng currentand circuit time
constants/asymmetrical ratings

In addition, deeder paneffixed portion is alwaysrated at
its circuit breaker equivalente.g, 13.1kA. When
considering mcreasing the rating dd circuit breakerthere
needgo bea parallel reassignment of teeitchgeafixed
portion. Experience has shown thiatriay be possible to
reassign the fixed portionith a higher fault rating from
valuesof 18.4kAupto 26.3kA. The proces to reassign the
fixed portion fault levelis subjectto anothertechnical
procedurgnot coveral in thispape).

Load Enhancement

A feeder circuibcbis typically rated at 400A and a modern
circuit breaker will be rated at 630Athere may be a
requirement tancreasea feederatingabove 400A and in
this casea review of the fixed portiorcurrent ratingis
required, Thebushingstopperconductos of the original
sv%itlﬁ:hgolar%sSWere %rﬁanrﬁac?u?ec'i (Bwﬂhs a arar}léje of h
standardied sizesnd are likelyd be ratecabove he value

of currentstated on theating plateas, generally speaking,
generous tolerances were built istdgtchgeardesignin the

1 9 6.0'liesomplete switchgear internal®uld needo be
analysedto determine the maximum thermal ingt of
individual panel types

Condition Based

Assetreplacement due to age profile, condition assessment,
faults or operational restrictions may trigger a need to
change a switchboard or to considke retrofit options
available

Requlatory Pressure

Many older oil circuit breakers haélectrical trip and
manual closindunctionality. With a modern vacuum or SF6
retrofit circuit breaker a remote closperationis possible
to restore faulty feederaithout sending personnel to site.
The full open/closefacility of the source circuit breaker
becomes part of sdhame 0 eSdes
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the majorityof customer supplies within a few minutes of on-site mechanical modifications The circuit breaker

the fault occurringThe resultant benefits areductiorsin generallyevolvedas a result of the OEM pgression of a
Customerlnterruptiors (Cl) and GistomerMinutesLost product range from oil to vacuum or SF6, whereby the fixed
(CML) 7 System Average Interruption Frequency Index portion of switchgear was the same, or very similar.
(SAIFI) and System Average Interruption Duration Index Gener al |y, this successheon oc
(SAIDI). Thisformedthe mainbusiness cas®r most of vacuum or gas circuit breakeras certified tothe older

the 1,100 circuit breakergs mentioned in the introduction  internation&standards such as BS5311 or IEC56

to this paper.

Maintenance

Cost benefitand Health Indices (H.lanalysis by way of
assessing thetaldowntime and maintenance cqstan be

a deciding factor. Dauto-reclosers could be replaced with
virtually maintenanceréevacuum or SF@ircuit breakers

In addition, those motorised circuit breakers that become
spareas a result of the retrofaind wereon faultpronerural
feedes, can beswoppedo low fault urban feeders to enable
a closing feature to be addetieaplyto any particular
feeder

Not dl vintage switchboards are suitable for retrofits due to
their style, age and low population. In addititime fixed
portion single busbar switchboard typeare mostly rated
lower than the modern 2000A versions, and this has to be
taken into account wherviewing a reinforcement scheme.

Policy Figure 1 Roll out/Roll in truck (OEM

Asset managementpolicy to consider retrofit optiors

continuallytakes place with a parallel policy of switchboard  Solution 2i New Circuit Breaker plus original truck
replacements Separate policiesand standards may be  gomecircuit breakerretrofits need toutilise the truck /
requiredto replace other components of a siioardsuch carriage of the old unit. The neweaker and mechanism
as protection relays or batteries moduks can bditted onto the truck frame on sit® if the
circuit breaker is very largé may need to bansferredo
afactory environmentor modification

There is also a maturity of policwherebyafter aninitial
programme to replace circuit breakers that do not have a
remote clos¢at some point this reacheslumesaturatioi,

there is a transfeo a poicy of asset replacement due to age

/ condition

RETROFIT - PRACTICAL SOLUTIONS

The net effect and requiremerior a retrofit design is to
reduce the huge array of original equipment size, weight and
manufacturetypes and variants down to just a fewlesy

The choices of arc extinction can be either SF6 or Vacuum,
and the mechanisms / actuators can be spring charged or
magnetic.

Forthe followingfigures 1, 2 and 3, each image shows the
retained elements of the original oil circuit breaker in blue
andthe new elements of the retrofit solutiorréd.

Solution 17 Complete Roll out& Roll in Unit
This is a fully prepackaged item of plant requirimginimal Figure 2: Utilising existing truck
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Solution 37 Hybrid Circuit Breaker with original truck,
bushings and top plate

This interestingstyle of retrofit circuit reaker package
comprised a magnetic actuator vacuum aetdose circuit
breaker fitted beneath theiginal porcelain bushing top
plate This is the most onerous retrofit solution and a
complex onrsite undertaking. The complete ocb internals
and mechanism are removed and replaced with the new vcb
and a magnetic actuator, complete with its electronic
controller.Full routine testing including timing tests have to
be undertaken during congsioning. This solution
however,removes many of the fears concerned with the
primary interface between fixed portion and retrofit circuit
breaker.

Figure 4: BespokeRoll out, Roll in solution

Solution51 6 One Shotd& Remote Contr
On somemanually chargedpring mechanisms it aiy be
possible to install a spring release coil whiskhen
remotely operat will enable the circuit breaker to have a
one shot reclosut@llowed by site attendance to manually
charge the closing sprirnig readiness for the next remote
operation. Thisis a simple and cheap method but one that
is feasible oronly a limited range of switchgear. If a spring
release coil is added on old switchgear, there will be no
added advantages of savings in maintenandemproved
operational performanceompared tothat of a modern
circuit breakeretrofit.

Figure 3: Retention of original truck, primary bushings PROCUREMENT
and ocb top plate
Traditionally, the suppliers aktrofit solutions have been
) ) manufacturers witanOEM history. The problem is thate
So_lut.|on 47 B_espoke Roll @it & Roll In Unit history may go back to greagrandchild, and the
Thisis a dedicated and bespoke retrofit solution that has 4y4jlability of the originatecords of the manufactureould
been designed specifically for the héghvolume OEM be in question. A global search of manufacturers is
variants, but tested to modern international standards gometimes required to enable a satisfactory product to be
(IEC62271). located and it is increasingly acceptable for ROEM
] . o manufacturers to offer proven retrofit solutiofftsis not
This type of solution entails high investment costs, but o-onomical todesign, test and suppkpneoffo circuit
produces a circuit breaker that can take into account modern preakers or to have small scatsrofit programmesbut
design techniques and include additional individual experience has shown that larger scale programmes of

customer requirenmts or - specifications e(g, ENA supply andnstall provide a very econonstsolution.
Technical Specifications).

) ) There isthe inevitabledchickenand eg@ situation with
The bespoke solution can also take into account the many pqtentialmanufacturers as they will not invest without a

yegrsof retrofit_ serviceand operationaexperiencenpw promisedminimumvolume andtheDNOGSs wi | | no't
gained thus giving thend usea moreadvanedtechnical without acertified product. Therefore, lespoke products
solution. may mly be available for high population types of circuit

breaker as design and certification costsdmeoffsécan

CIRED2013 Session 1 Paper No 0086



CIRED

22d|nternational Conference on Electricity Distribution Stockholm, 138 June 2013

Paper 0086

be restrictive

Whichever route is adoptedwischgear approvaland
operator safety are mandatory amitical requirementsor
newequipment

ANCILLARY REVIEW

There are ancillary checks and mws that need to be put
into place when it has been decided to install a retrofit
solutionand these form part of a piespectionplan

Analysis is requiredor all itemsof plantin a Primary
substation that may impact on satisegtoperatioal duty
such as: i) prtal discharge checks, ii)eview of
maintenance and workecords for the equipment, iii)
internal inspectionf representative panels, iguithistory
of the plant type, v) electromechanicabigction relay age
profilesand functionalityvi) primary batteries capacignd
reliability, vii) panel secondary wiring condition, viii)
building condition, iv) eavironmental codition.

To clarify, if a circuit breaker is to be retrofittetthen other
paralleland supplementamyork may be requed, e.g, if
electromechanicarotection relaysvere to be changed for
microprocessounitsand batteries wette be upratedhen
additional preinspection procedures and company
standardsnayneed to be adopted
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CONCLUSION

Many switchboad s installed in the
providing exemplary service and showing no signs of
degradation, thereby delaying the need for their replacement.
Generally, retrofitsolutiors are not considered unless a
minimum life extension for the original switboard of at
least ten years is being soughecentretrofit programmes
have clearly proven that this is achievable

Circuit breaker etrofits areundoubtedlya cost effective
methodof improving and modernisgprimary substatios
subject to the critta mentioned above. Some modern
retrofits have been installed in equipment of 60 years old,
posing thequestion 6 fhow long does a switchboard
actually last for? o .

With increasingretrofit volumes andhe experience of
utilising a variety of manufactaré products in a large
number of product typespmie issues have arisen over the
10-year perioddescribed such as discharge on modern
bushings, mechanism design issues pnobuct quality
control. However, as with all evolving applicationspss
fertilisation and shared product experiencebetween
manuf act ur ehasbecrmertrémel) Ne@dgigah
helpingto ensurehat themoderrretrofit solution becomes
very economicalrobustand technically acceptaldelution
for many years to come



