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Abstract - Various Fault Current Limiter technologies are under
development, all aimed at limiting fault current to a value within
the sub-station plant capacity. A fully tested pre-saturated core
fault current limiter (PSFCL), currently in live operation in a UK
substation, is presented. The governing technology is based on
conventional materials and manufacturing practice used in
transformer industry, thereby avoiding the technical risks of High
Temperature Superconducting conductor and cryogenics used in
competing technologies

I.

INTRODUCTION

Load growth, increased distributed / renewable energy
sources and increasing interconnection of networks lead to
higher system fault currents. Increasing fault levels need costly
upgrades to switchgear and other plant in the sub-station like
overhead lines, cables and transformers. Fault Current Limiter
technologies under development are aimed at limiting the
prospective fault current to just within the plant capacity thus
avoiding major upgrade costs and shortening the connection
time of distributed generation significantly.
Wilson Transformer has partnered with Israeli based GridON
Ltd. to design, manufacture and install a 10 MVA presaturated core FCL as a live demonstration unit in UK Power
Networks. The compact design uses conventional materials
and manufacturing practice avoiding the need for high
temperature superconducting materials and cryogenics used in
competing technologies. Maintenance and reliability levels are
comparable to a transformer which is attractive to operating
and maintenance staff.

Fig. 1. Major FCL locations

Technical and commercial advantages of the various
preferences are shown below:
A. Bus tie coupling

II. ROAD-MAP OF FAULT CURRENT LIMITER APPLICATIONS
CIGRE Technical Brochure 239[1] consists of four major parts
– State of art, Functional specifications, System demands and
Testing of FCLs. An extensive reference list of limiting
technologies is also included.
CIGRE Technical Brochure 497[2] contains preferred
applications/locations of FCLs, namely in bus-tie coupling or
transformer/generator feeder as shown in Figs. 1-3

Fig. 2. Bus tie coupling




Limitation of increased short-circuit capacity due to
coupling.
Increased meshing of the power systems leads to higher
short-circuit capacity during normal operation and:
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o Lower system perturbations and voltage drops,
o Higher steady state and transient stability,
o Improved load balance at the feeder transformers.
Higher security of supply and increase reliability (e.g.
there is no outage time in case of a transformer failure).
Protection of sensitive loads by connecting sensitive loads
to a separate busbar.
Within a grid coupling location, FCLs save the installation
of additional feeder transformers and the switchgear for
the transformer connection.
Reduction of network losses is achieved due to higher
meshing and improved load balance of transformers and
due to few transformers in operation.
Power systems with high short-circuit capacity at normal
operation allow the connection of higher consumer loads
than in grids with low short-circuit capacity. This means
that the connection of the consumer load to a higher
voltage level can be avoided.
A delay of system (e.g. circuit breaker) upgrade can be
achieved in this location depending on the specific
situation.
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 Lower dimensioning of the switchgear of power station
auxiliaries.
 Lower dimensioning of installations and devices
 Lower network
consumption.

losses

and

lower

reactive

power

 Higher consumer load due to reduced transformer
impedance.

B. Incoming Feeders

Fig. 4. FCL roadmap for Europe[3]

III. OVERVIEW OF FAULT CURRENT LIMITING MEASURES

Fig. 3. Incoming Feeders





Limitation of increased short-circuit capacity during fault
conditions leads to reduced short-circuit currents and
reduced mechanical and thermal stress on the power
system installations.
Higher short-circuit capacity during normal operation due
to reduced transformer impedance leads to:
o

Lower system perturbations and voltage drops,

o

Higher steady state and transient stability

 Higher security of supply and increased reliability.
 More flexible location of power stations because the
increase in short-circuit capacity due to new generator
capacity can be managed.
 Delays of system upgrade in case of increased of shortcircuit capacity.

Fig. 5. Overview of current limiting measures[2]
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IV.GRIDON TECHNOLOGY

8.

A. Overview
9.
GridON’s FCL is based on proprietary magnetic flux alteration
pre-saturated iron core technology, utilizing standard and well
proven transformer technology. No exotic materials or
superconductors are used. This enables scale up of products to
all voltage ratings supported by transformer technology (up to
transmission levels).
It is the first such fully tested,
commercially available pre-saturated fault current limiter
already in service.
It is a robust failsafe device, which maintains its fault limiting
capability even if auxiliary power and DC bias are lost. Being
based on transformer technology, it is reliable and simple to
maintain and operate.
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Ease of integration into existing protection schemes, with
minimal investment and changes.
Fail-safe device – provides fault current limitation even in
the event of DC bias loss.

GridON utilizes state-of-the-art development methodologies
including FEM simulation tools (Ansys Maxwell) to verify its
designs, as well as a set of in-house developed design and
optimization tools. Excellent correlation has been achieved
between FEM simulations and test results of commercial
product, prototypes and bench models. This further strengthens
the predictability of designs.

A comprehensive monitoring and control system is provided
with the FCL to enable seamless integration with existing
protection schemes, with minimal changes to protection
settings, and to enable real-time and/or event driven view of
the FCL operational parameters.

GridON works with Wilson Transformer Company (WTC) as
its manufacturing and engineering partner. WTC manufactures
the FCLs according to GridON’s design requirements and
conducts factory tests in its factory located in Glen Waverly,
Victoria, and Australia. Short circuit tests are performed
externally in an independent certified high power lab, under
the supervision of GridON and WTC engineers, a practice that
has been successfully demonstrated repeatedly, with a record
of 100% on time delivery.

B. Key technology advantages

C. Principle of operation

GridON’s technology consists of several patents and patent
pending applications, and offers unique performance
advantages over competing technologies:
1. High ratio between limiting-impedance and nominalimpedance – solution allows a broad range of ratios to be
designed, up to a ratio of 15.
2. Ability to design for high fault current reduction (up to
90% if needed) along with very low insertion impedance
during normal operation (below 1%)
3. Standard transformer technology – using no
superconductors or exotic materials, using reliable,
predictable and well established processes for design,
manufacturing, testing, transport, commissioning and
operation.
4. Maintenance – requires similar practices as power
transformers.
5. Scalability to very high transmission voltage levels.
6. Passive, self-triggered device – presents variable
impedance controlled solely by the current through it, with
no need for an active detection, decision circuit,
electronics or algorithm. This offers a reliable and simple
reaction to fault current presence.
7. Immediate recovery from fault and ability to limit multiple
consecutive faults – offer the ability to support reclosing
schemes with no interruption to normal protection scheme
operation.

The FCL is based on a pre-saturated iron core principle.
Variable impedance is obtained through utilizing magneticflux alterations, enabling increase of its normal impedance as
high as 15 fold in the presence of fault currents. The concept
utilized the non-linear magnetic characteristics of a
ferromagnetic core:

Normal condition
Fault
Laminated electrical steel

Fig. 6.

D. Normal operating condition
An iron core is magnetized by direct current bias from a set of
two redundant DC power supplies, flowing through coils
around the core. This bias creates a magnetizing field strong
enough to put at least a portion of the iron core into saturation.
AC coils which are series connected between a source and a
load are wound around that saturated area, carrying the AC
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current for which the FCL needs to provide current reduction
during fault events.
When normal AC current flows through the AC coils, the AC
flux generated by the AC current is not strong enough to get
the core out of saturation. The saturated portion of the core
behaves similarly to an air core, and the AC coils present
impedance similar to an air-core coil, which is very low.
The voltage drop on the AC coil is proportional to the variation
in flux density, and due to the small slope of the magnetization
curve in this regime – this voltage drop is very low, typically
below 1% of the source voltage.
Fig.7 illustrates the operating principle in the saturation regime
(the actual core design in the FCL is physically different).
Fig. 8.

E. Fault condition
When a fault occurs, the AC current through the AC coils
starts rising rapidly, and a large magnetizing field is created by
these coils.
As illustrated in Fig.9, in each AC half cycle one side of the
core gets de-saturated by the counter-flux from the AC coil,
which causes that coil’s impedance to increase instantly and
significantly. Similarly, the other side of the core gets desaturated in the second AC half cycle, and so on. This increase
in the FCL impedance acts to choke the fault current and
reduce it to a level acceptable to the system in which it is
installed.

Fig. 7.

A benefit of operating in this saturation state is that because
the flux changes are low – the iron core losses are also very
low, and losses are mainly determined by the copper heating,
which can be well controlled by the choice of appropriate wire
cross section.
Typically, the combined AC losses and DC power
consumption are in the order of 0.1% of the power rating of the
system.
Fig.8 highlights the current through the FCL during normal
operation, where the FCL is virtually transparent to the system.
Fig.9.

Fig.10 illustrates the prospective fault current (without the
FCL in the circuit) which would flow through the faulted
point, and the current limited by the FCL.
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auxiliaries. The prototype was designed and tested to withstand
full impulse voltages, and 10MVA current rating.
The 10 MVA design incorporated all lessons learned from the
prototype and was fully tested to applicable transformer and
reactor standards, in the factory and a certified short circuit test
laboratory. The test results, including over 50 stringent fault
tests, fully aligned with the product specification and design.
The FCL was delivered 4 months ahead of schedule and is now
in service in the UK Power Network.
E.ON has performed extensive system studies to assess impact
of 10MVA FCL on the existing system. Online monitoring of
the site parameters is gathering extensive operational field data
including the transformers and the FCL.
VI. PERFORMANCE OF THE 11KV FCL

Fig 10.

F. Recovery
When the fault is cleared from the system, the counter flux
created by the AC coils is reduced instantly, and the FCL
instantly recovers to its saturated state, presenting very low
impedance between the source and load.

V. 11KV FCL INSTALLED AND IN SERVICE IN THE UK

GridON has partnered with Wilson Transformer Company to
commissioned an 11kV 10MVA FCL into service at a UK
Power Networks primary substation in Newhaven, East Sussex
in 2013. This demonstration project was procured and funded
by the energy technologies institute (ETI).
A prototype 1MVA FCL was built in order to establish the
accuracy of simulation and modeling methodologies, and to
prove the performance envelope of the device and its

The FCL has been installed on the tail of a 33/11KV 10MVA
transformer. This substation has 3 transformers, and before the
FCL was installed, only 2 transformers could operate in
parallel, with the 3rd in standby, since fault levels would have
exceeded the switchgear ratings. The FCL installation enables
the parallel connection of all 3 transformers.

TABLE I: Key parameters
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A. Short-circuit tests:
The FCL was tested under multiple fault conditions and fault
levels.
Fig.11 shows a phase-phase-ground fault, with prospective
current (in fine line) of 4.36kA with maximum asymmetry.
The limited currents are shown in solid lines.
Fig.12 shows test results of instantaneous recovery from a fault
with maximum asymmetry back to normal load.
Fig.13 shows test results of consecutive fault limiting. Initially
the FCL is limiting current on a faulted line. Then, the fault is
cleared by the circuit breaker and the FCL recovers
immediately to its nominal state, ready to limit the next
consequtive fault. Then, after a 500msec dead time (dictated
by the test lab equipment limitations), the CB recloses back to
the faulted line. As shown, the FCL resumes fault current
limiting immediately.
VII. TESTING OF FCLs
IEEE [4] Draft Guide for FCL Testing recommends a full suite
of Routine and Type Tests
VIII. CHALLENGES
Technical challenges being solved on the 10 MVA units are:
electromagnetic compatibility, short circuit performancedynamic forces, core saturation, temperature rise- reliable DC
bias current supply, system studies to predict impact of FCL on
the system, and solving large multi-physics simulations on
high-performance computers.
IX. CONCLUSIONS
GridON’s compact, fully tested, commercially available HTSfree design, already installed in a live substation, coupled with
Wilson Transformer Co's advanced engineering and
manufacturing facilities, is offering novel, low-maintenance
FCL products for both Distribution and Transmission
networks.
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