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APPARATUS AND METHOD FOR DETECTING AN ARC FAULT

RELATED APPLICATIONS
This application claims priority from Great Britain Patent Application Serial
No. 2219811.3, filed 29 Decembaer 2022, which is incorporated herein in its entirety.

FIELD OF INVENTION
The disclosure is in the field of methods and apparatuses for detecting an arc
fault produced by a power ling, and relates in particular o an electricity meter

comprising such an apparatus for detecling an arc fault

BACKGROUND

Anarc faultis a high power discharge of electricity between two or more
conductors. Such a discharge may generate very high temperatures and may ignile
combustible materials, triggering an electrical fire. As such, arc faulis produced by
rasidential and commaercial power lines have the polential to cause enormous damage,
and pose a major safety risk.

Arc faults can range in current from a few amps up fo several thousand amps,
and may be variable in duration.

Arc faulls may be categorized into three main categories: ground arc fault;
parallel arc fault; and series arc fault.

Paraliel and ground arc faulls are usually caused by short circuits betwesn power
lines, which have higher current magnitude. As such, known short-circuit breakers or
fuses may sffectively delect arc faults and provide adeguate protection.

A current magnitude of a series arc fault may be limited by the load in a circuit.
The current in a series arc fault may generally be the same as the normal working
current, or aven slightly smaller, and its frequency spectrum charactsristics are
generally concentraied in the frequency band of 2 kHz (o 20 MHz.

As a result, known circuit breakers may not provide reliable protection. This is
becausa known circuit breakers may not respond fast enough 1o a sudden series arc

fault, due to its lower current magnitude and/or its high frequency bandwidth.
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I some territories, some degree of arc faull delection may be mandated by
tegistation. For example, in the United States of America, the National Electrical Code
{(NEC) comprises provisions for arc fault defection.

Current solutions for implementing arc faull detection may involve the use of a
current transformer (CT) or Hall Effect sensors. However, a drawback to such
approaches is their limited frequency bandwidth, which may be limited to a maximum of
about 200 kHz. As stated above, a typical series arc fault may have frequency
components up to and even higher than 20 MHz.

it is therefore desirable to provide a relatively low-complexity, reliable and
effective method and apparatus for detecting arc faulis within the above frequency
band.

Furthermore, it is desirable that such arc fault detection may be integrated with
an electricity meter. As such, it is reguired that such arc fault detection may be
implemented withoul inlerfering with coliocated iransceivers and/or circuilry within the
Electricity Meter.

it is therefore an aim of at lzast one embodiment of at least one aspect of the
present disclosure to obviate or al least mitigate at least one of the above identified

shortcomings of the prior arl.

SUMMARY OF INVENTION

The present disclosure is in the field of methods and apparatuses for detecting
an arc fault produced by a power line, and relates in particular {o an electricity meter
comprising such an apparatus for detecting an arc faull. According to a first aspect of
the disclosure, there is provided an apparatus for detecting an arc fault produced by a
power line. The apparatus comprises an antenna. The antenna may be for disposal in a
near-field of at ieast one power line. The apparatus comprises a receiver coupled to the
amtenna. The apparalus comprises processing circuitry coupled o the receiver. The
processing circuilry may be configured to identify an arc fault, e.g. an arc fault produced
by the at least one power line, based on a signal received from the receiver.

Advantageously, such an apparatus provides a relatively low-complexity, reliable
and effective means for detecting arc faults.
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Furthermore, such a solution may be implemented without interfering with
collocated transceivers and circuilry within an electricity meter, as described in more
detail below. That is, the use of such an anienna effectively provides a relatively non-
invasive series arc fault current detection sensor. The described antenna may function
as a near-field magnetic pick-up, and may produce a deiectable and measursable
current proportional to its magnetic field. Advantageously, use of such an antenna
minimizes interference 10 and from adjacent transceivers within the immediate vicinity of
the anienng, 8.g. within an eleclricity meter, thereby avoiding recsiver dessansitization,
as described in more detail below.

The near field of the at least one power line may be immediately adjacent the at
least one power line. The antenna may be for disposing adjacent the at least one power
fine such that a magnstic field induced by an arc faull in the power line may induce a
flow of current in the antenna.

The antenna may provide a near-fisld magnelic pick-up. Thal is, the antenna
when disposed in the near-field of the at least one power line may function as a near-
field magnetic pick-up.

The disclosed apparatus may provide an accurate, reliable, and low-cost
solution, while also minimizing/negating its impact o other coliocated radios, and vice
versa.

Furthermore, the disclosed apparatus may mitigate a requirement to implemeant
other more complex and/or expensive solutions for series arc fault detection, such as
solutions involving the use of a current transformer (CT) or Hall Effect sensors.

The antenna may comprises a coll anlenna. The coll antenna may comprise a
plurality of tums.

A magnitude of the current induced in the anienna may be substantially
proportional to a quantity of turns provided in the antenna. As such, more tums may be
added to the antenna. An amount of furns in the antenna may be limited by an available
space within a PCB upon which the antenna may be implemented.

The antenna may comprise a planar antenna.

That is, the antenna may be formed in a metal layer of a PCB, and thus may be
substantially planar. Advantageously, such a planar anienna, e.g. a planar coil,
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minimizes interference with cother transceivers and/or high frequency circuitry in the
vicinity of the antenna, yat while also providing adeguate sensitivity to detect are faulls.

The antenna may be provided on one or more metal layers of a printed circuit
board (PCB).

For example, the antenna may be provided on a top layer of the PCB, as close
as possible to the at least gne power line. The antenna may be provided on a plurality of
lavers of the PCB, thereby increasing an overall number of tums of the antenna, and
thus improving a sensitivity of the antenna.

The receiver may be configured to receive signals in the frequency range of at
least 2kHz to 20MHz.

A series arc faull may typically exhibit frequency spectrum characteristics
concenirated in the frequency band of 2kHz to 20MHz. As such, said receiver may be
optimized for detection of arc faults.

Furthermore, the disclosed apparatus may mitigate a requirement to implement
more complex and/or expensive solutions for series arc faull delection, such as
solutions involving the use of a current ransformer (CT) or Hall Effect sensors, wherein
a technical drawback of such prior art approaches is their limited fregquency bandwidth,
which may be limited to about 200 kHz.

The receiver may be a broadband receiver.

The processing circuitry may be configurad to identify peaks in the signal.

In some examples, the processing circuitry may comprise one of more digiial
signal processors (DSPs), and/or processors configured o execute DSP routines.

The processing circuitry may be configured 1o analyze a signal based on the
peaks to identify and/or characterize an arc fault.

That is, the processing circuitry may be configured to distinguish a signal
generated by an arc faull from general noise and/or other signals.

The processing circuitry may comprise an amplifier configured to amplify a
current provided by the anienna.

The processing circuitry may comprise a psak-detector circuit for demoduiating
an output of the receiver.
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The processing circuitry may comprise a comparator for conditioning an cutput of
the peak detector circuit.

The processing circuilry may comprise at least one processor configured to
analyze the ouiput of the comparator to identify an arc fault.

In an example, the antenna may function as a near-field magnetic pick-up. The
anterna may produce a current proportional to its magnetic field. That is, a current
induced in the anienna by a signal caused by an arc fault on the al least one power line
may be proportional o its magnetic field. That current may be amplified by the receiver.
The receiver may be provided with sufficient gain to ampiify the current. An output of the
receiver may be demodulated via a peak detector o provide a peak-detected signal.
The peak-delected signal may undergo signal conditioning via a comparator. The
comparator may produce puises based on an arc fauli signaiure. Said pulses may be
analyzed by afthe processing circuitry, e.g. by a metrology microprocessor. Such
analysis may be by way of an algorithm, such as a proprigtary algorithm. Said algorithm
may be selected/configured to reliably deisct are faults.

The apparatus may comprise the al least one power line.

The at least one power line may be electrically isolated from the antenna.

The at least one power line exiend across the antenna in a plane substantially
paraliel to a plane defined by the antenna.

The at least one power line may exiend across the antenna in a plans
substantially parallel io a plane defined by the antenna. The receiver may be relatively
close to the antenna, thus maximizing its sensitivity. This technigue may alsc mitigate
imterference generated by the other radiation sources, e.g. other radios, while
minimizing re-radiation coming from the antenna.

The near-field may be an inductive near field.

According 10 a second aspect of the disclosure, there is provided an electricity
meter comprising the apparatus according fo the first aspect.

The processing circuitry may also be configured as a metrology processor.

That is, the procsssing circuitry may be configured for mstering consumption of
slectrical power based on current and/or vollage measurements of the at least one

power line.
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The electricity meter may comprise a sub-gigahertz radio. The electricity meter
may comprise a Bluetooth radio. The eleclricity meter may comprise a Wi-Fi radio. The
electricity meter may comprise a ZigBee radio. The eleclricity meter may comprise one
or more DC-to-DO converters.

The anternna may be formed on a same substrate as the processing circuiiry.

Advantageously, by implementing the anienna as a planar antenna on a plane
defined by the substrate, e.9. PCB, interference between the antenna and other radios
or transceivers may be limited.

That is, the disclosed arc faull detection solution may be suitable for
implementation within a “Smait Electric Meter”, e.g. a meter having communications
functionality. The disclosed antenna solution may be suitable for operation alongside
coliocated potential interferers such as ZigBee, Wi-Fi and/or Sub-Gigahertz radio,
microprocessors and/or one or more DC-to-DC converters.  Implementation of a
relatively low-profile planar PCB coil antenna may limit the polential interferers from
reducing the arc detection receiver sensitivity and vice-versa.

In response to detection of an arc faull, the processing circuitry may be
configured to transmit a message indicating occurrence of an arc fauit.

fn response to detection of an arc faull, the procsessing circuitry may be
configured 1o isolate a power supply 1o the at least one power line.

For example, the processing circuitry may be configured to trigger a service
disconnect switch as a safety measure, to isclate the at least one power line from a
toad.

According 1o a third aspect of the disclosure, there is provided a method of
detecting an arc fault produced by a power line. The method comprises disposing an
antenna in the near-field of at least one power line, wherein the antenna is coupled 1o a
receiver and processing circuitry is coupled to the receiver and configured fo identify an
arc fault based on a signal received from the receiver.

The above summary is intended io be merely exemplary and non-limiting. The
disclosure includes one or more corresponding aspects, embodiments or features in
isolation or in various combinations whether or not specifically staled (including claimed)
in that combination or in isolation. It should be undersiood that features defined above
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int accordance with any aspect of the present disclosure or below relating to any specific
embodiment of the disclosure may be ulilized, either alone or in combination with any
other defined feature, in any other aspect or embodiment or to form a further aspect or
embodiment of the disclosure.

BRIEF DESCRIPTION OF DRAWINGS
These and other aspects of the present disclosure will now be described, by way

of example only, with reference 1o the accompanying drawings, wherein:

Figure 1a  depicls a photograph of a top surface of an example apparatus comprising
an antenna, according an embodiment of the disclosure;

Figure 1b  depicts a pholograph of a bottom surface of an example apparatus
comprising an anienna, according an embodiment of the disclosure;

Figure 2 depicts a further example of an apparatus comprising an antenna,
according an embodiment of the disclosure; and

Figure 3 depicts a block diagram of an example electricity meter, according o

according an embodiment of the disclosure.

DETAILED DESCRIPTION OF DRAWINGS

Figure 1a depicts a portion of a photograph of a top surface of an example
apparatus 100 comprising an antenna 105, according an embodiment of the disclosure.
Figure 1b depicts a portion of a photograph of a boltom surface of the example
apparatus 100.

The apparatus 100 may be suilable {or delecting an arc faull produced by a
power line, as will be described in more detail below.

The example apparatus 100 comprises a subsirate 110, which in the depicied
example is a printed circuit board (PCB).

The antenna 105 is formed on the subslrate 110. That is, the anlenna 105 is
implemented as a planar anienna 105. The antenna 105 does not protrude from a
surface of the substrate 110. The antenna 105 is not formed as a discrete component
that is mounted on the substrate 110. Instead, the anterma is formed on, or within a

layer of, the substrate 110. Advantageously, such a planar antenna, e.q. a planar coil,
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minimizes interference with cother transceivers and/or high frequency circuitry in the
vicinity of the antenna 105, yet while also providing adeguate sensitivily to detect arc
faults.

The antenna 105 may function as a near-field magnetic pick-up. That is, the
antenna 105, when disposed in the near-field of at least one power line, may function as
a near-field magnetic pick-up, as described in more detail below with reference to
Figure 2.

The example antenna 105 is implemented as a coil antenna, comprising a
plurality of turns. Although in the example depicted in Figure 1 only four tums are
depicted, it will be understood that in other embodiments the anienna 105 may be
implemeantad with fewer than or greater than four tums. A magnitude of the current
induced in the antenna 105 may be substantially proportional 0 a gquantity of turns
provided in the antenna 105. As such, more furns may be added 1o the antenna 105
which may, for example, ba limited by an available space within the subsltrate 110.

Similarly, the exampie anienna 105 is substantiaily elongate in shape, with each
turn corresponding (0 a subsiantially reclangular shape. it will also be appreciated that
cther shapes, such as sguare or polygonal, may be implemented.

i a preferred example, at least a portion of the antenna 105 is implemented on
an upper metal fayer of the substrate 110, at or close o the surface, thereby minimizing
a distance and/or shielding between the antenna 105 and one or more power lines that
may be disposed relatively close to the substrate.

In the example it can be seen that a first layer of the antenna 105 is implemented
ont the upper metal layer of the substrate 110 depicied in Figure 13 and g second layer
of the antenna 105 is implemented on a lower matal layer of the substrate 110. A first
via 120 and a second via 125 connect first layer of the antenna 105 to the second layer
of the amtenna 105, By implementing the antenna 105 on a plurality of lavers of the
substrate 110, an overall number of turns of the antenna 105 may be increased within
an gvailable space, thereby improving a sensitivity of the antenna 105,

i some examples, a ground shield and/or power plane may be implemented in

the subslirale, such that the ground shield and/or power plane extends at least partway
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around the antenna 105, thereby minimizing potential interference between the
antenna 105 and surrounding circuitry and/or components.

The apparatus 100 aiso comprises circuitry 115, The example circuity 115
comprises processing circuitry and a receiver coupled 1o the processing circuitry.

fn the depicted example, the circuitry 115 comprises various discrele
components, e.g. resisiors, comparators, and the like. it will be appreciated that the
circuitry 115 is provided for purposes of example only, and in other embodiments the
circuitry 115 may comprise one or more integrated circuits. The circuitry 115 may be
configured o identify an arc fault, e.g. an arc fault produced by at least one power line,
based on a signal received from the receiver. The receiver may be configured 1o receive
signals in the frequency range of at least 2kHz o 20MHz. A further example of the
circuitry is provided in Figure 3 below. As shown, the receiver circuit is relatively close to
the antenna 105, thus maximizing its sensitivity.

Figure 2 depicis a further example of the apparatus 100 comprising the
antenna 108, according an embodiment of the disclosure. In the example of Figure 2, a
first power line 130 and a second power line 135 are dapictad.

The first power line 130 and/or the second power line 135 may be an alternating
current power supply nes, such as power supply lines that may be metered by an
electricity metler.

fn an example, the first power line 130 is a neulral line and the second power
line 135 corresponds o one phase of a power supply, such as a 120 volt or 240 volt, 50
Hz or 60 Hz alternating current power supply.

In the example in Figure 3, the power lines 130, 135 exiend across the
antenna 105 in a plane substantially paraliel to a plane defined by the antenna 105.
Although the power lines 130, 135 are depicted as altached to the subsirate 110 using a
fastener, in other examples the power lines 130, 135 may be adhered to, or even
embedded within, the substrale.

The antenna 105 is dispused in an inductive near-field of the power
fines 130, 135 for a signal in the range of 20kHz to 20MHz that may be generated by an
arc fault event on said power lines 130, 135.
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The power lines 130, 135 are provided sufiiciently close to the antenna 105 such
that the disclosed antenna 105 may function as a near-field magnetic pick-up, and may
produce a detectable and measureable current substantially proportional 1o its magnetic
field. As described below, such a current may be received/amplified/processed by a
receiver and processing circuiiry.

Figure 3 depicts a block diagram of an example eleclricity meter 200, according
o according an embodiment of the disclosure.

The electricity meter 200 comprises an antenna 205, which may gensrally
correspond 1o the antenna 1035 of the example embodiments of Figures 1a to 2. That is,
the antenna 205 may be a planar, coil antenna. Also depicted is a first power line 230
and a sacond power line 235 extending ovear the antenna 205. As described above, the
antenna may function as a near-field magnetic pick-up to the first power line 230 and g
second power line 235 extending over the antenna 205.

An arc delection receiver and peak deleclor circuil 215 is depicted. In an
axample, such a circuit 215 may comprise af least some of an ampilifier configured o
amplify a current provided by the antenna; a peak-deteclor circuit for demodulating an
output of the receiver and a comparator for conditioning an output of the peak detector
circuit.

An cutput of the arc detection receiver and peak detector circuit 215 is provided
o processing circuitry 230. The processing circuitry 260 may be configured to analyze
the outpul of the comparator to identify an arc fault In some embodiments, the
processing circuitry may also be configured as a metrology processor, for metering
consumption of electricity using a voltage and/or current sensing and signal conditioning
circuit 235. In other examples, a separate processcr may be provided for arc fault
detection.

For purposes of example, various sources of potential interference that may be
components of the electricity metar 200 are also depicted. For exampie, a sub-gigahertz
radic 240 is depicted. in examples, the sub-gigahertz radio may be configured io
raceive and transmit a signal at a 915MHz band. Also depicted is a "Wi-F” radio 245,
2.g. a radio conforming to IEEE 802.11, and a “ZigBee” radio 250, e.g. a radio
conforming to IEEE 802.11. {t will be understood that these are just examples, and in

10
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other examples further or alternative communications means may be implemented,
such as a Bluetooth radio conforming to IEEE 802.15.1, or the like. Other potential
interference sources include various power supplies, such as a switching supply with
DC-to-DC converters 255.

Advantageously, because the antenna 205 is implemented as a planar
antenna 205 that does not extend of protrude from the PCB, said antenna 205 may
function as a near-field magnetic pick-up to the power lines 230, 235, and may produce
a detectable and measureable current proportional to its magnetic field.
Advantageously, use of such an antenna 205 minimizes interference to and from
adjacent transceivers within the immediate vicinity of the antenna, e.g. gigahertz
radio 240, “Wi-Fi” radio 245 and “ZigBee” radio 250, thereby avoiding receiver
desensitization.

Although the disclosure has been described in terms of particular embodiments
as set forth above, it should be understood that these embodiments are illustrative only
and that the claims are not limited to those embodiments. Those skilled in the art will be
able to make modifications and alternatives in view of the disclosure, which are
contemplated as falling within the scope of the appended claims. Each feature disclosed
or illustrated in the present specification may be incorporated in any embodiments,
whether alone or in any appropriate combination with any other feature disclosed or

illustrated herein.

11
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REFERENCE NUMERALS

100
105
110
115
120
125
130
135
200
205
215
230
235
240
245
250
255
260

apparatus

antenna

substrate

circuitry

first via

second via

first power line

second power line
electricity meter

antenna

receiver and peak detector circuit
first power line

second power line
gigaheriz radio

Wi-Fi radio

ZigBee radio

DC-to-DC converters 250
processing circuitry
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CLAIMS:

~

. An apparatus {100) for detecting an arc faull produced by a power line (130,

135, 230, 235}, the apparaius comprising:

an antenna (105, 205) for disposal in a near-field of at least one
power line;

areceiver (215) coupled {o the antenna; and

processing circuitry (115, 260) coupled 1o the receiver and configured

to identify an arc fault based on a signal received from the receiver.

The apparatus (100} of ¢laim 1, wherein the anterma (105, 205) comprises a

coil antenna comprising a plurality of turns.

The apparatus (100} of claim t or 2, wherein the anienna (105, 205)
comprises a planar antenna.

The apparatus {100) of claim 1 or 2, wherein the antenna (105, 205) is
provided on one or more metal layers of a printed circuit board (FCR).

The apparatus (100} of any preceding claim, whereain the receiver (215) is
configured 1o receive signals in the frequency range of at least 2kHz o
20MHz.

The apparatus (100) of any preceding claim, wherein the processing
circuitry {115, 260) is configured to:

identify peaks in the signal; and

analyze a signal based on the peaks to identify and/or characterize

an arc fault,

The apparatus {100y of any preceding claim, wherein the processing
circuitry {115, 260) comprises:

13
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an amplifier configured o amplify a current provided by the antenna
(105, 205);

a peak-detector circuit for demodulating an cuiput of the receiver
(215);

a comparator for conditioning an output of the peak detector circuit;
and

atl least one processor (230} configured to analyze the oulput of the
comparator 1o identify an arc fault.

8. The apparatus (100) of any preceding claim comprising the at least one
power line (130, 135, 230, 235), wherein:
the at least one power line is electrically isolated from the
antenna {105, 205}, and
the at least one power line exiends across the antenna in a

plane subsiantially parallel {o a plane dsfined by the antenna.

9. The apparatus (100) of any preceding claim, wherein the near-field is an
inductive near field.

10. An slectricity meter (200) comprising the apparatus of any preceding claim.

11.The electricity meter (200) of claim 10, wherein the processing circuitry

(115, 260} is also configured as a melrology processor.

12. The electricity meter (200) of claim 10 or 11, comprising at least one of:
a sub-gigahertz radio {240);
a Bluetooth radioc;
a Wi-Fi radio (245); and/or
g ZigBee radio (250).

14
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13.The electricity meter (200} of any of claims 10 o 12, wherein the anlenna
(105, 205} is formed on a same substrate as the processing circuitry (115,
260).

14.The electricity meter (200) of any of claims 10 to 12 wherein, in response to
detection of an arc fault, the processing circuitry (115, 280} is configured fo:
fransmil a meassage indicating cccurrence of an arc faull; and/or
isolate a power supply {o the at lsast one power line (130, 135, 230,
235).

15, A method of detecting an arc fault produced by a power line (130, 135, 230,
235}, the method comprising disposing an antenna (105, 205} in the near-
field of at least one power line, whersin the antenna is couplad to a receiver
{215} and processing circuitry (115, 260) is coupled to the receiver and
configured to identify an arc fault based on a signal recsived from the
receiver.
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