
Superconducting FCLsgo on
trial in ,the UK
The first of three pilot installations in a project to develop an innovative

superconducting device, a commercial scale fault current limiter, is now

undergoing field trials in the UK.This kind of FCLcould playa key role in

future distribution networks.

I'

de"elopment of commercially availablc de"ices
that are capable of clamping fault le"els to within
network design limits. This can bring a number
ofbcncfits.

• SFCLs could be strategically deployed on the
network in areas either with existing high fault
le"el issucs, or experiencing a high degrce of
distributed generation connection activity (eg
urban combined heat and power generation
systems). In this application SFCLs could
provide a method of deferring the replacement
of switchboards or reconfiguration of networks
whilst ensuring fault levds are maintained
within safe limits.

• Where fault levels are generally high. there
may be operation al benefits associated with
minimising the often complicated switching
rcquired to ensure that equipment opemles
within its fault rating during network
reconfiguration and outages. This could reduce
the risk of ineurring eustomer interruptions
arising from either network switching or from
oper.lting pans ofthe network temporarily on
single circuit sccurity. An improvement in statT
safety mayaIso bc ddivered.

• If network fault currcnt magnitudc:s are
restrict~-d cquipmcnt will be subjected to
rcduced electrodynamic and thennal stress
(these are both proportional to the square ofthe
current, so a modest reduction in fault level
results in a considerable rcduclion in these

stresses). potentially rcducing the probability
of consc:quential faults and prolonging the
asset life.
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mther than dectronic. electromechanical.

mechanical or pyrotechnic components.
When the superconducting material is cooled

below its eritical temperature it loses all cleetrieal
resistance. thercby allowing nonnalload current
to flow with negligible losses. Eitherthe increased
currelll density caused by the passage of fault
currcnl. or the lass ofthe liquid nitrogen cooling
medium. causcs the temperature of the
superconducting material to risc with the result
that the material reverts to a nonnal resisti"e state.

This added rcsistance has the etTect of reducing
the fault current to a lower, more aeceptable le"el.
This process is referrcd to as 'elamping' because
it etTectively sets a limit above wh ich the fault
currcnt will not rise.

The SFCLoperates in a few milliseconds, after
which its resistanee remains high until the fault
current is elcared by a circuit breaker. The
SFCL's opemtion is sufficiently fast. bcaring in
mind that at 50 Hz a quarter wave represents 5
mS, to cnsure that the first peak of the fault
current is limited; this is vitally important when
considering the elosing of a cireuit breakcr onto
a scction of faulty network. The degree to which
the subsequent currcnt is limited can be set at the
design stage to suit a specific application. It will.
in many ca ses, be convenient to choos.: this levcl
sueh that existing protection arrangements do not
need to be adjusted.

The three pilot installations will rcsult in the
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This projc:ct is being undertaken und"r the UK's
Innovation Funding Incentive (lFI) in whieh
network operators are encouraged to invcstigate
and be involved in the development of new
techniques and t~'Chnologies which ha"e the
potential to bring improvements to their networks.
The IFI. introduced by the UK gas and e1ectricity
regulator Ofgem in 2004. allows all electricity
distribution network owners to spend a percentage
of their re"enue on innovative projects.

Fault currcnt limitcrs are currcntly onc of

the most attractive applications for high
temperature superconductors in electric
power systems. Resisti"e conccpts in

particular seem to ha"e excdlent chances of
achie"ing economic and technical viability. This
has been demonstrated up to the I() kVII 0 MV A
level in the succcssful Gennan project CURL 10
which utilised melt east processed (MCPJ
BSCCO 2212 superconductor tTom Nexans
SupcrConductors. The publiely funded project
was the world's first live demonstration of a
rcsistive HTS fault currcnt limiter.

The next stage is to develop a commercial
version of the superconducting fault eurrent
limiter (SFCL). The trials. initially for the UK
market. are being undertaken by Applied
Supcrconductor LId (ASL) in collaboration with
NSC. the New and Renewable Energy Centre in
BI)1h and distributed network operator partners
CE Eleetric UK. Electricity North West and
ScottishPower EnergyNetworks.

The first of three SFCL pilot installations
(Figure I) hasjust been carricdout in a substation
in the Electricity North West network. The
limiting module comprising superconducting
eomponents. cryostat. current leads and sensors
fortemperature. coolant level and \essel pressure
monitoring was designed. engineered and
asscmbled at NSC according to the specifications
defined by ASL together with the DNOs.

Lcading manufacturers and research
establishments have been in"cstigating fault
current limiting deviccs for scveral years in order
to otTer an alternative to network rcconfigurationl
assct rcplacc:mcnt in tackling rising fault levels.

The superconducting FCL is designed to be a
low risk fail-safe device. utilising a non linear
'high-temperatur.:' superconducting ceramic
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limiling fUnelion for caeh ofthe Ihree phases.

-----'---------\•••••• it-..~"-~lgUres.
Exploded vlew of the FCL

oflhe two Irans formers is calculated 10 be 11 kA

peak. 4.2 kAnn.' It was decided Ihal Ihe SFCL
should limit the fault currenl seen by any cireuil­
breaker 10 95 % oflhe old breaker raling. thai is.
7.48 kA break and 18.72 kA make.

The SFCL. which is deploycd in a bus-seclion
configuration. efTectively in parallel wilh Ihe
exisling bus seclion cireuit breaker (which is
being lef! open during' the lrial). muSI limillhe
fault conlribulion from Ihe healthy 10 Ihe faulted
busbar when a fault occurson an oulgoing eircuil.
This conlribulion. logelher with the contribulion
from Ihe lransfonner dircclly feeding the faulted
bar, must be no more Ihan 95 % ofthe rating of
the old swilchgear. The limiling. or clamping
performance oflhe SFCL is Iherefore defined by
Ihe network charaeterislies and Ihe raling of Ihe
available planl.

t

The aetive part of Ihe SFCL. consists of 48
supercondueling elements per phase eonnected
in series. immers~-d in liquid nilrogen in a
eryogenic vessel (Figures 4. 5). The elemenl
asscmbl ies are connected to Ihc oUlside of the

vessellhrough high "oltage bushings and currcnt
leads designcd 10 cope wilh Ihe lemperature
gradienl belween the liquid nilrogen and Ihe
exterior of Ihe "esseI. The liquid nitrogen is
cooled by an exlemal eryocooler. A eireuil
breaker in series wilh the limiler is tripped when
Ihe fault currcnt has been reduced.

The firsl SFCL 10 be deployed successfully
completed aseries oflesls allPH in Berlin, for
short-eireuit performance. lighlning impulse and
AC voltage withstand and partial discharge. In
carly 2009 il was installed into the nelwork and

Ihe field trial programme is now underway.

Worldwide inleresl in FCL devices is growing
sleadily. especially in relation 10 Iheirsuitability
for smart grids. Concurently with Ihis project.
NSC has developed a 12 kV system for 800 A
operaling currcnl whieh will be installed in a
German power plant laler in 2009. A follow-up
system for the UK (pilot 2) based on Ihe
speeifications of ASL and anolher ONO is also
in the design phase.
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The Sile for Ihe first UK pilol was seleetcd in
2006. lt is in a sem i-urban loealion in Laneashire

and was ehos,:n for Iwo reasons - Ihere is plenty
of spaee for the installalion and Ihe sile pro"ides
an example ofwhere an SFCL might be instalIed
in response to areal need.

Thc Iwo 33/11 kV Iransformers f~'eding the
Substalion had been rccently upgraded. with the
rcsult Ihal the fault level incrcased to above the

making and breaking capacilies of the cireuit
brcakers. 11was Iherefore necessary to build a new
substalion and install a new II kV swilehboard of

primary distribution cireuit breakcrs comprising
len feeders.lwo incomers and one bus-scction. So.
while Ihe fault-level problem was addrcsscd in a
eonvenlional manner. the situation has allowed the

d<."Signofthe SFCL 10 be determined according 10

realistic criteria. as it was aetually being used 10
provide a solution 10 the fault level issue.

The old swilchgear was raled al II kV wilh a
short-circuit eapability of 150 MV A. This equates
10 a breaking capacity of7.87 kA and a making
capaeily of19. 7kA. The fault conlribulion of eaeh

• SFCLs may. subject to resolulion ofproleclion
issues. allow exisling radial cireuits 10 be
operaled interconnecled. with associated
impro"emenls to customer supply conlinuity
and power qualily (flicker and harmonies).
Thiseould faeilitate a radieal change in Ihe way
networks are designed and opcraled.

In addilion to Ihe above. Ihere are speeifie
benefils assoeiated wilh Ihe Iype of design uscd
in this projeet. whieh is based on Ihe
supereondueting to normallransition.

In ils normal operaling stale. Ihe SFCL doc:; not
add signifieanl reaetanee 10 Ihe network and
therefore does not afTect Ihe upper Ihreshold of
Ihe nelwork impedanee envelope so thai ONOs
can ensure thai Ihey do not exceed voltage
levels in Ihe e"ent of sudden loss ofload ete. lt
will also not increasc nelwork lasses.

A significanl issue for ONOs loday is Ihe
increase in Ihe nelwork X/R ralio (reactanee­
resistanee ratio) which inereases Ihe OC
eomponent and Iherefore the asymmelrical
eurrcnt whcn a eireuit breakcr "pens. This also
(to a lesser efTect) impaels Ihe peak making
currcnl under fault conditions. Inlroducing a
se ries reactor inlo Ihe network will reduce Ihe
AC componenl of short-cireuit current. bUI it
may make Ihe X/R ratio rise and although il
reduces the overall asymmetrical currcnl. Ihe
oe eomponenl can be made grealer. Circuil
brcakers are nollesled for Ihis increascd OC

component and associaled longer areing limes.
• Ouring the lransilion from Ihe superconducting

to normal stale. the SFCL adds resistanee to
the fault path. This rcduces the AC and OC
componenls of currcnl and Ihe level of
asymmetry dramalieally. This provides much
easier making and breaking duties for a eireuil
breaker and additionally. greatly reduces Ihe
peak voltage generaled (transient recovery
"oltage) al the point of eurrcnl interruption.

• The level of fault eonlribution from eonnected

induclive load is now ealculaled according 10
IEC60909 and DNOs are finding sites where
the peak making currcnts of circuil breakers are
being exceeded. The fasl clamping oflhe SFCL
reduces Ihese peaks to wilhin cireuit-breaker
r.llings. This eliminates Ihe need 10 reconfigure
networks before closing operalions.

The SFCL is based on high temperalure
supereonductor (HTS) ceramic material that
becomes a superconduetor when cooled 10

around _196°C - a temperature Ihal can be
obtained using relatively inexpensive and readily
available liquid nilrogen.

SFCL prolOtypes have been designed using Iwo
types ofHTS - known as BSCCO and YBCO - in
various guiscs. A tubular BSCCO component
manufactured by NSC was used forthe first major
live nelwork trial. 'CURL 10'. hosled by RWE al
Siegen in Gerrnany in 2004. It was therefore
decided 10 use a BSCCO maleri:11 (8i-2212) for
Ihe developmenl of a commereial SFCL.

The basic SFCL componenl is made from a lube
of melt-cast Bi-2212 soldered 10 the inlerior of a

eopper-nickel-manganese tube. whieh provides a
melallic shunl to prevenl the fonnation of hot
spots in the HTS. This arrangemenl is then cut
into a helix giving an efTective length of 3 melres
forcaeh eomponen!. Theeomponent is supported
from Ihe inside by a tube of libre-reinforeed
plastie. Pairs of tubes are join<.:d end 10 end and
24 ofthese eonn~'Cted in series provide Ihe eurrcnt
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