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(57) Abstract: The present invention relates to a method and apparatus for detecting faults occurring in Multiple Earth Neutral
(MEN) power distribution systems. The apparatus comprises a detector which is arranged to determine an earth current value by
determining a differential current between the active and neutral conductors in the MEN system. By Kirchhoft's law, the differen-
tial current is the earth current value. The determined earth current value is used to determine what type of fault has occurred,
from a number of faults, such as degraded neutral fault condition, degraded earth, and others.
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METHOD AND APPARATUS FOR POWER SUPPLY FAULT DETECTION

Field of the Invention

The present invention relates to a method and
apparatus for power supply fault detection and,
particularly, but not exclusively, to a method and
apparatus that can detect faults occurring in Multiple

Earth Neutral power distribution systems.
Background of the Invention

A number of fault conditions can occur with
electrical power supplies, both domestic and industrial.
It would be advantageous to be able to detect as many
power supply faults as possible, so that action can be
taken to correct them or, in cases where the faults lead
to a dangerous situation, to shut down the power supply
until the fault has been repaired. ‘

Multiple Earth Neutral (MEN) power distribution
systems are known. A source of three-phase AC power
supplies premises within the service area, eg power to
domestic/office/industrial buildings in a vicinity. At
each premises, connections are made to either one or all
three active phases, depending on the power requirements
of the premises. At least an Active (A) conductor and
Neutral (N) conductor are attached to the premises and
also an Earth (E) is also attached to the premises. The
power supply is usually routed via an electricity meter,
for monitoring an amount of electricity consumed at the
premises. Some of the latest electricity meters also
provide intelligent functions, such as the ability to

remotely read the meter, the ability to provide the end



WO 2011/116433 PCT/AU2011/000354

10

15

20

25

30

- 2 -
user with information on their electricity consumption,
and other functions.

MEN systems are known in some jurisdictions as "“PEN”
(Protective Earth Neutral) Systems.

A number of fault conditions can occur in MEN power
supplies, some of which are extremely dangerous and some
of which can be difficult to detect.

In operation, the load requirements of a premises are
taken from the relevant active (A) phase, current flowing
from the A conductor, via the load and back via the
neutral (N) conductor. Faults such as a broken neutral
can lead to all the current returning via earth (E), which
can be an extremely dangerous situation (for example
making items in a dwelling, such as water pipes, “live”) .
A number of other power supply faults can occur, such as a
broken earth, crossed active/neutral, and other faults.
Tinkering with the connections to the premise’s power
supply, or incorrectly wiring the meter, can also lead to
a number of faults.

It has been proposed to detect faults such as broken
or degraded connection in the neutral or earth paths by
measuring current in both the neutral (N) line and the
active (A) line. A problem with this is that the active
and neutral currents are usually of very similar
magnitude, so measurement is required to be very accurate
and the corresponding measurement circuitry is costly.
Further, short or long term drift in the measurement
circuitry can cause errors and may require regular
servicing to ensure that calibration is correct.

Other methods of detecting faults have been proposed

such as detecting a fault in a neutral line by determining

' the integrity of the neutral line by measuring impedance

of the neutral return line. Impedance can be difficult to
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measure and leads, again, to expensive solutions.
No prior art solutions present a comprehensive way of
determining many of the fault conditions which can be

associated with a power supply.
Summary of the Invention

In accordance with a first aspect, the present
invention provides an apparatus for detecting fault in a
power supply, the power supply comprising neutral, active
and earth lines, the apparatus comprising a detector
arranged to determine an electrical status of the earth
line, and a processor for determining a fault associated
with the determined electrical status of the earth line.

In an embodiment, the electrical status of the earth
line that is determined is the magnitude of current
flowing through earth., Measurement of current in the
earth line has the advantage that the result can be used
to determine a number of different types of fault
condition in a power supply. Fault conditions including
broken earth, broken neutral, reversed active and neutral,
broken and degraded neutral connections and other fault
conditions can be detected.

In an embodiment, the processor for determining a
fault is arranged to determine which type of fault is
indicated by the determined electrical status of the
earth.

In an embodiment, the detector is arranged to
determine a differential current between the active and
neutral conductors. The differential current is, in
effect, the earth current. 1In an embodiment, the
differential current is determined by the detector sensing

the net magnetic field produced by the active and neutral
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lines. The detector may comprise devices such as current
transformers, coils, Hall effect devices,
magneto-resistive sensors or similar such devices to
determine the net magnetic field.

An advantage of determining the differential current
between the active and neutral conductors is that it is
not necessary to measure the absolute current of each of
the active and neutral current conductors, which is
associated with the accuracy and drift problems discussed
above. Further, it has been appreciated by the present
inventors that the differential current between the active
and neutral conductors is in fact, by Kirchhoff’'s laws,
the current that is going to earth in a standard power
supply system, such as a MEN system,

In an embodiment, instead of measuring differential
current between the active and neutral lines, the
magnitude of current flowing through earth is measured by
a detector arranged to directly measure the current in the
earth line,

In an embodiment, the apparatus for detecting fault
in a power supply is associated with an electricity meter.
In an embodiment, the apparatus is incorporated with the
electricity meter and the measurements are taken from
conductors incorporated with the electricity meter eg, the
active and neutral conductors, routed via the electricity
meter. |

In the embodiment where the differential current
between the active and the earth conductor is measured by
determining the value of the net magnetic field, the
detector is, in an embodiment, mounted with meter
circuitry to measure the magnetic field from the neutral
and active conductors runnihg within the meter or

proximate the meter,
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In the embodiment where the earth current is
determined by a detector detecting the current flowing
through the earth line, in an embodiment, an electrical
meter is wired so that it incorporates an earth conductor
via which the earth current flows. The detector directly
measures the current flowing in the earth conductor.

In an embodiment, the apparatus further comprises an
indicator arrangement to provide notification of a fault
condition when a fault condition is detected. 1In an
embodiment, the indicator arrangement may identify the
type of fault condition detected. 1In an embodiment, the
indicator arrangement may provide a notification of the
fault condition to a local and/or remote location. The
notification may be transmitted via power conductors. It
may be transmitted to a power supply control location, for
example.

In accordance with a second aspect, the present
invention provides an electricity meter apparatus,
comprising an arrangement for monitoring electricity
consumption, and an apparatus in accordance with the first
aspect of the inventibn for detecting a fault in an
electrical power supply being monitored.

In accordance with a third aspect, the present
invention provides a method of detecting fault in a power
supply, the power supply comprising neutral, active, and
earth, the method comprising the steps of determining an
electrical status of the earth, and determining a fault
associated with the determined electrical status of the

earth,
Brief Description of the Drawings

Features and advantages of the present invention will
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become apparent from the following description of
embodiments thereof, by way of example only, with
reference to the accompanying drawings, in which:

Figure 1 is a schematic block diagram of a meter
apparatus in accordance with an embodiment of the present
invention;

Figure 2 is a further schematic diagram of the
apparatus of Figure 1 illustrating connections to a source
and a load;

' Figure 3 is a schematic diagram of a meter apparatus
in accordance with a further embodiment of the invention;

Figure 4 is a schematic diagram of a meter apparatus
in accordance with yet a further embodiment of the
invention; and

Figures 5 through 14 are schematic circuit diégrams
illustrating faults which may be determined by a meter
apparatus in accordance with an embodiment of the present

invention.
Detailed Description of Embodiments

Referring to Figures 1 and-2, an apparatus in
accordance with an embodiment of the present invention,
for detecting fault in a power supply, is generally
designated by reference numeral 1. The apparatus
comprises a detector 2 (Figure 1) which is arranged to
determine an electrical status of an Earth line (reference
numeral 3, Figure 2). A processor 4, in this embodiment
being a microcontroller 4, is arranged to determine a
fault associated with the determined electrical status of
the Earth line 3.

In this embodiment, the apparatus for detecting fault

1 is incorporated with an electricity metexr 1. The
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electricity meter 1 is also arranged to carry out metering
functions, as well as to carry out determination of
faults. The microcontroller 4 is arranged to control
metering functions. The meter 1 may provide inteiligent
functions, such as remote operation, or it may merely be a

standard electricity meter with the addition of the

apparatus for detecting fault in a power supply. 1In and

out active and neutral connections 6, 7, 8 and 9 are
provided to the meter 1. A current detector 5 is arranged
to detect the current on the Active line. A power supply
10 provides internal power to the meter, which may be

tapped off (eg via a transformer) from the mains power

~supply. A display 12 is provided for displaying meter

information. The meter information may include amount of
electricity consumed and, in an embodiment, may include
identification of a fault condition. It may display other
information.

The meter 1 also comprises a signal conditionexr 100
for current signal conditioning from the current sensor 5,
and a signal conditioner 101 for current signél
conditioning from the detector 2., A voltage signal
conditioner 103 is also provided. An analogue to digital
converter and digital signal processor. 104 is arranged to
convert the current and voltage signals to digital. The
microcontroller 4 also has a memory 105 and a real time
clock 106 associated with it. Further clocks 107 are
provided to drive the microcontroller 4 and a D to A
converter 104.

A communications module 180 is provided to facilitate
remote communications. An interface in the form of push
buttons 109 and an optical port 110 are also provided.

A relay control 111 is provided to enable switching

of power to/from the premises.
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Figure 2 illustrates a nominal arrangement for an
M.E.N. (Multiple Earth Neutral) power distribution system.
A source of three-phase AC power (typically a
transformer), as represented by the generator symbol 20 at
the left side of the diagram, provides three active phases
(A) and a neutral (N), which érovide power to premises
within the service area. At each premises, connection is
made to either one or all three active phases, dependant
on the power requirements of the premises. For
simplicity, a single phase connection is shown, although
the principles disclosed herein can also be applied to
multiple;phase-connected premises.

The load requirements of the premises are taken from
the relevant active (A) phase, causing current I to flow
through the active terminals of the meter 6, 9, thence the
load 21, and eventually returning to the neutral side of
the source 20. The return current from the load 21
reaches the neutral block (N/B) and then divides into two
branches. The major branch is via the neutral terminals
7, 8 of the meter 1, thence the neutral wiring back to the
source 20, as represented by curreht path I’'. The minor
branch is via the M.E.N, link, thence the earth block
(E/B), thence via various earth paths back to the source
20, as represented by current path I-. The proportion of
current returning via these two paths is dependant on the
relative impedance of these paths. Since the neutral path
normally has a much lower impedance than the earth path, '
the majority of the return current is via the neutral
path.

It will be appreciated that Figure 2 is schematic.
The load 21 may include any electrical load in any

premises. For example, in a domestic dwelling, the load
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may include domestic appliances, such as lighting, washing
machine, etc.

In addition to the standard metering function of
measuring the active current, the meter 1 also
incorporates a sensor 2 for the measurement of current
flowing via the earth path. The latter is achieved by
sensing the net magnetic field produced by the active and
neutral conductors within the meter 1. The sensor 2 may
be any of current transformers, coils, Hall-effect
devices, magnéto-resistive sensors or similar such devices
as are familiar to practitioners of the art. By such
means, processing circuitry in the meter 1 is able to
determine the proportion of active current that is
returning via the earth path(s) and thereby, detect broken
or degraded connections in either the neutral or earth
paths from the premises back to the AC power source. It
is aléo able to detect some instances of fraudulent meter
connections and misapplication of the meter, and other
faults,

In the prior art, detection of broken or degraded
connection in the neutral or earth paths is achieved by
measuring the neutral'current and comparing this to the
active current. Since active and neutral currents are
usually of very similar magnitude, this requires that
these two currents be measured very accurately, with
corresponding cost implications. In addition, any
short-term or long-term drift in performance of either the
active or neutral current measurement places the operation
of these neutral/earth integrity features in jeopardy. By
contrast, this embodiment of the present invention
directly measures the differential current, which by

Kirchhoff's current law, corresponds to the earth current.
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This advantageously avoids the accuracy requirements‘and
drift vulnerabilities of the prior art.

Figure 3 illustrates an alternative embodiment of the
present invention. Here, a neutral current sensor 30 is
employed instead of the usual active current sensor. The
active current measurement, which is what 1s actually
required for standard metering functions, is derived from
the summation 31 of neutral and earth current
measurements, either directly by analogue means familiar
to practitioners of the art, or by digital means after
analogue-to-digital conversion of both measurements, again
as familiar to practitioners of the art. The sensor 2, as
in the previous embodiment, measures the earth current
from net magnetic field produced by the active and neutral
conductors within the meter. The processor 4 then uses
this measurement to detect faults.

Figure 4 illustrates another alternative
implementation of the present invention. Here, the usual
neutral link within the meter 1 is substituted by an
extension to the M.E.N. (Multiple Earth Neutral) link.

The load current now returns to the neutral block (N/B),
divides into a major and minor proportion as before, but
now it is the minor proportion, the earth current, that
passes through the meter. The major proportion, that
returning to the source neutral wiring, no longer passes
through the meter. Since it is now the earth current that
passes directly through - -the meter, the earth current
sensor 40 no longer involves the active conductor in its
measurement. Also, what were previously the neutral
terminals of the meter, are now designated the M,E.N.
terminals of the meter.

The advantages of this implementation are that the

neutral path is more direct (has less series connections),
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the meter can more readily be applied for its intended
purpose of detecting the fault conditions described herein
on premises where multiple meters are fitted, additional
current sensor technologies (such as resistive shunts) are
now suited for this application and the meter could now
potentially break the M.E.N. connection in the event of a
reversed active-neutral condition, thereby reducing the
serious hazard this condition presents.

The following description describes the fault
conditions that may occur with the M.E.N. power supply and
meter 1 and how embodiments of the present invention may
determine the fault conditions and deal with them,

In Figures 5 through 14, the embodiment of the
present invention which is utilised is the first
embodiment (the embodiment of Figures 1 and 2). It will
be appreciated that other embodiments could be used to

detect the faults.

Broken Neutral Condition

Referring to Figure 5, the neutral connection is
broken, anywhere between the street mains and the neutral
block following the meter (N/B). In this case, the load
current I flows through the active terminals of the meter,
through the load, then returns via the M.E.N., link, earth
block (E/B) and thence the various earth paths back to the
AC power source. In this case,‘the active andvearth
currents measured by the meter will be approximately
equal, within the uncertainties of the measurement.

Note however, that a “three-wire” connection to the
meter (a misapplication of the meter, described later)
also presents the same characteristics, so both these

conditions are indicated when the active and earth
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currents are approximately equal in magnitude and phase

~(an investigation will be required to determine which is

the actual fault).

Degraded Neutral Condition

Referring to Figure 6, there is excessive resistance
45 in the neutral path, which may be anywhere between the
street mains and the neutral block following the meter
(N/B). In this case, the load current I flows through the
active terminals of the meter, through the lcad, then
returns via the neutral block (N/B), where it divides into
two paths (I’ and I”). What distinguishes this condition
frém the normal case, is that the proportion of load
current flowing via the earth path exceeds what is deemed
to be acceptable. Since the object of this test is to
validate the neutral path and detect a “degraded” neutral,
the threshold for this test should be based on the
relevant impedance of the earth path(s) at that site. For
a site with a “low” earth impedance, a higher proportion
of earth current (and correspondingly, test threshold) is
appropriate. Conversely, for a site with a “high” earth
impedance, a lower proportion is appropriate.

The processor 4 will be set to an appropriate

threshold to determine for a degraded neutral condition.

Broken/Degraded Earth Condition

Referring to Fiéure 7, there is either a broken earth
connection or excessively high resistance in the earth
path, anywhere from the neutral block following the meter
(N/B), back through to the AC power source via the.earth

paﬁhs. In this case, the load current I flows through the
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active terminals of the meter, through the locad, then
returning via the neutral block (N/B), where it divides
into two paths (I’ and I”). However, unlike in the normal
case, the proportion of this current that flows via the
earth path is lower than what is deemed appropriate,
indicating an excessively resistive earth path. If the
earth current is approximately zero, within the
uncertainties of the measurement, then a broken connection
is indicated. 1In the more general case, where the
proportion of current returning via the earth path(s) is
below an appropriate threshold value, an excessively
resistive earth path is indicated.

The meter 1 processor 4 1s set with the appropriate
threshold for earth current to determine this fault

condition.

Adjacent Premises Fault Conditions

As well as being able to detect fault conditions in a
premises which the apparatus is associated with (e.g. by
being incorporated in the electricity meter for those
premises), another advantage of embodiments of the present
invention is the ability to detect some fault conditions
in adjacent premises. Figures 8 and 9, illustrate two
potential situations in which fault conditions can be
detected in adjacent premises.

The adjacent premises may include a meter 50 and load
51. The meter 50 may not have the functionality of a
meter in accordance‘with the present invention. It may ke
a simple electricity meter, for example, w;thout any
intelligent functionality. Or it may be an intelligent
meter which does not incorporate an apparatus in

accordance with an embodiment of the present invention.
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It is therefore not possible for the meter 50 to detect
fault conditions. This may still be done, however,
utilising this embodiment of the present invention.

Figures 8 and 9, illustrate two situations in which a
significant “neutral” fault condition exists in an
adjacent premises (whose meter is presumed not to include
“‘neutral/earth” integrity features) and how an embodiment
of the present invention is able to detect such
occurrences, The two fault conditions illustrated are
where the neutral path is broken (Figure 8) and where the
active and neutral connections to the meter are reversed
(Figure 9), both of which conditions are able to inject
significant amounts of current through the earth paths
from the adjacent premises.

The current being injected into the earth from the
adjacent premises (shown on the right) divides itself into
the available earth paths, one of which is the meter 1 of
the embodiment of the present invention (shown on the
left). Since the amount of current involved is
significant, the proportion that returns via the earth
connection of the meter 1 on the left can be readily
detected in accordance with the present invention,
indicating a significant fault in an adjacent premises.
It will be seen that this earth current as detected by the
meter 1 on the left, flows in the opposite direction to
the proportion of its load current that normally flows
through the earth path. To more accurately measure the
earth current that is due to an adjacent premises
“neutral” fault (represented by the current symbol I'),
the processor 4 may optionally deduct the proportion of
its active current that it may expect to return via the
earth path(s). Again, to aid in the accuracy of this

fault determination, the processor 4 may optionally
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attempt to correlate the measured earth current with the
measured active current, since earth current from an
adjacent premise will have no such correlation.

It will be noted that the adjacent premise (with the
significant “neutral” fault) may be connected to any of
the three active phases of the AC power source. To
further improve the accuracy of measurement of current I’
and the detection of these fault conditions, the processor
4 may optionally take into account the +/-120° phase shift
(relative to the meters active phase voltage, which is ‘
taken as reference) that will occur in current I’ if the
adjacent premises is connected to a different active phase
(as is shown in the above two diagrams).

Tt will be further noted that the actual phase shift
of current I’ will depend on the nature of the load
(i.e. whether it has a significant reactive compdnent or
whether it is predominantly resistive) at the adjacent
premises, in the event of a broken neutral. In the case
where this differs noticeably from 60°, 180° or 300°, the
meter may optionally distinguish the specific condition of
a broken neutral connection, rather than the combined
fault indication for the two conditions.

In the event that the detected earth current is at
approximately 180° of phase, the processor 4 will need to
apply a threshold test on the magnitude of the current, so
as to distinguish a significant “neutral” fault in an
adjacent premises from an active-neutral reversal
conditién in this premises. Larger earth currents will be
detected in the latter case, as the entire fault current

will be seen by the meter.

Reversed Active-Neutral Condition
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Figure 10 illustrates the situation where the active
and neutral connections to the meter are reversed. Not
only is main voltage present on the neutral wiring of the
premises, it is also present on the earth wiring (which
connects to the chassis of class I equipment, typical of
so-called “white goods” such as refrigerators) and
possibly also the plumbing. While there will be a service
fuse between the incoming mains and the meter (not shown),
this will almost certainly be on the active terminal of
the meter, which here is incorrectly connected to neutral
potential. Even if it is connected to the active
potential, the earth impedance (resistance) will normally
be sufficient such that the resultant current flow will be
less than the rating of the service fuse.

In this situation, a large earth current (designated
here by the symbol I’') will flow. In addition, load
current (designated by the symbol I”) may also flow. The
load current flows through the active terminals of the
meter and the combined current (designated by the symbol
I) flows through the neutral terminals of the meter
(sourced by the active phase of the incoming mains).

Although the active current sensed by the meter
(designated by the symbol IA) is flowing in reverse, the
meter’s perspective is also reversed, due to the reversed
active and neutral potentials into the meter, thus this is
perceived as flowing in the forward direction. Similarly,
although the earth current sensed by the meter (designated
by the symbol IE) is flowing in the forward direction, it
will be perceived as flowing in the reverse direction.
Also, as the earth impedance can be expected to be
predominantly resistive, there will be little additional
phase shift in the eartﬁ current.

The meter can therefore detect this fault condition
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"by the presence of a “large” earth current flowing in the

reverse direction, It can distinguish this condition from
that of a similar fault in an adjacent premises by
applying a threshold test on the magnitude of the earth
current.

Where the above threshold is exceeded and there is no
significant phase shift in the earth current (relative to
180°), either this fault condition or a bypassed meter
(electricity theft) is indicated. An investigation will
be required to distinguish these two possibilities.

Where there is significant phase shift (relative to
180°) in the éarth current, the meter can conclude that
this current is not due to this fault condition. Rather,
it is due either to a significant “neutral” fault at an
adjacent premise (connected to a different active phase)
or to bypassing of the meter (electricity theft). A
threshold test on the current magnitude can optionally be
used to distinguish between these two possibilities, on
the basis that fault currents from an adjacent premises
will be lower due to “dilution” by multiple alternative

earth paths.

Bypassed Meter Condition #1 (Electricity Theft)

Figure 11 and Figure 12 represent situations in which
the meter has a fraudulent load connection, such that a
portion (IB) of the load curfent bypasses the meter’'s
active terminals. It is understood that this portion may
be 100% of the load current, although the description
given here is of the general case where some of the load
current may be metered (typically in an attempt to avoid
suspicion) .

In Figure 11, a separate load 61 is connected to the



WO 2011/116433 PCT/AU2011/000354

10

15

20

25

30

- 18 -

input side of the meter, its current (IB) returning via
the usual neutral wiring, such that the combined neutral
current reaching the neutral block (N/B) is the total
consumed current. A small portion of this current (I”)
returns via the earth path, while the majority returns via
the meter’s neutral terminals. Since the current flowing
through the neutral terminals exceeds that flowing through
the active terminals, this is perceived by the meter as an
excessive earth current flowing in the reverse direction.

In Figure 12, there is no separate fraudulent load,
but rather a parallel path 62 for active current, such
that a portion of the consumed current bypasses the
meter’'s active terminals. Again, the total neutral
current returning to the neutral block (N/B) is divided
into two paths, a small proportion flowing via the M.E.N.
link to earth, the majority returning via the meter’'s
neutral terminals. Again, the meter perceives an
excessive earth current flowing in the reverse direction,

The excessive earth current perceived by the meter in
this “bypassed” condition can be distinguished from that
of a significant “neutral” fault condition in an adjacent
premise by applying a threshold test, in the same manner
as with the ‘“reversed active-neutral” fault condition. If
the phase of the perceived earth current is close to 180°,
then this condition cannot be distinguished from a
“reversed active-neutral” fault condition, and an
investigation will be required to determine which is the

actual fault.

Three-Wire Misapplication Condition

Thelability of the apparatus of this embodiment to

measure earth current, and hence perform the fault
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detection tasks previously described, is dependant on the
correct application of the meter. Whereas the fault
conditions previously described represent hazards
(financial, in the case of electricity theft), Figure 13
represents a different class of fault, misapplication of
the meter.

Here, a “three-wire” connection is made to the meter,
such that neutral current doesn’'t flow through the meter.
In this case, the perceived earth current (IE) is
approximately equal to the active current (IA), both in
magnitude and phase. As this condition cannot be
distinguished from the “broken neutral” condition, an
investigation is required to determine which is the actual

fault.

M.E.N. Misapplication Condition

Figure 14 illustrates another potential
misapplication of the meter. 1In this case, the M.E.N.
link 1is hade to a neutral block (N/B) on the input side of
the meter. Load current passes through the active
terminals of the meter, thence the load, returning in full
through the neutral terminals of the meter. Although a
portion of this return current flows via the M.E.N. link
to earth as usual, this activity bypasses the meter, which
perceives zero earth current (within measurement |
uncertainties) .

As this condition cannot be distinguished from an
éctual “broken earth” condition, an investigation is

required to determine which is the actual fault.

Additional Refinements in Earth Current Measurement
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Load imbalances in the three phases distributed from
the source may, due to the finite impedance of the neutral
wiring back to the source, result in a (hopefully small)
potential difference between the neutral into a premises
and the earth mass. This in turn will result in a finite
current flowing through the earth path of the premise,
even without a load current being present, It may
therefore be advantageous to apply an offset to the earth
current measurement (determined empirically or by other
means) at individual premises, prior to applying the
above-described detection criteria for the various fault
conditions described.

As the various loads responsible for the
above-described load imbalance condition are liable to
vary over time, it may be advantageous to also apply a
“creep” threshold (where currents below a certain
magnitude are ignored as if non-existent) to the observed
earth current. Such a threshold may typically be
determined empirically.

It can be seen from the above description, that to
better discern the described neutral, earth, and related
fault conditions, it is advantageous to measure not only
the magnitude of the earth current, but also its direction
or phase shift (relative to the incoming mains voltage or
alternatively, the load current, taken as reference). AsS
real and reactive power or energy measurements derived
from the earth current and the incoming mains voltage may
serve as a proxy for the magnitude, direction and phase
shift of the earth current, the above disclosed fault
detection methods may also be applied using these derived
power or energy quantities, within the scope of this
invention.

As discussed above, the microcontroller 4 within the
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meter may include any appropriate electronics/algorithms
for carrying out the processing task to detect the faults
commen as discussed above. The invention is not limited
to the architecture disclosed in Figure 1, however. Any
appropriate circuitry or processor arrangement may be used
to implement an embodiment of the present invention.

In an embodiment, the apparatus 1 includes an
indicator arrangement, to provide notification of a fault
condition. The indicator arrangement may include the
display 12. In an embodiment, the indicator arrangement
may also include a transmitter in the meter electronics
for transmitting notification of the fault condition to a
remote location e.g. a power supply control centre. In
response to cgrtain fault conditions, an embodiment of the
meter may incorporate additional functionality, such as:

{a) A visual indication of the fault condition.
This may consist of an error code or message on a suitable
display, such as an LCD (liquid crystal display), or an
indicator lamp, such as an LED (light emitting diode).
Such an indication may be cycled so as to produce a
“flashing” indication, for added effect. The display may
be the display 12, or may a display in an alternative
location e.g. in a premises associated with the power
supply, or at a control centre associa;ed with the power
supply.

(b) An audible indication of the fault condition.
This may consist of tones produced via a suitable
transducer such as a speaker, or by the mechanical action
of a switching device such as a relay.

(c) Communication of the fault condition via a
suitable communications medium, such as radio, power-line
signalling, the telephone network or a local area network

(which may in turn be connected to a wider network).



WO 2011/116433 PCT/AU2011/000354

10

15

20

© 25

30

- 22 -

(d) Disconnection of premises power, via a
switching device or multiple such devices within the
meter, or via external such switching devices controlled
by the meter. |

{e) An audible and visible fault indication,
produced by repetitive switching of the above
disconnection device, such that lights and equipment
within the premises are noticeably disturbed.

(f) The recording of detected fault conditions, and
preferably, their associated parameters and event times,
within the memory of the meter, such that these may be
retrieved from the meter at a later time.

In the above embodiments, the apparatus for detecting
fault is incorporated with an electricity meter. The
invention is not limited to this. In other embodiments of
the present invention, the apparatus for detecting fault
in the power supply may be a separate apparatus. It may
be stand-alone, away from the meter for example, or it may
be incorporated with other electrical monitoring
apparatus. |

In the above embodiment, the apparatus is arranged to
detect faults in an M.E.N., power supply. The invention is
not limited to this. An apparatus in accordance with
embodiments of the present invention, with appropriate
adaptation, may be utilised with other power supply
arrangements.

It will be appreciated by persons skilled in the art
that numerous variations and/or modifications may be made
to the invention as shown in the specific embodiments
without departing from the spirit or scope of the
invention as broadly described. The present embodiments
are, therefore, to be considered in all respects as

illustrative and not restrictive,
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THE CLAIMS DEFINING THE INVENTION ARE AS FOLLOWS:

1. An apparatus for detecting fault in a power supply,
the power supply comprising neutral, active and earth
lines, the apparatus comprising a detector arranged to
determine an electrical status of the earth line, and a
processor for determining a fault associated with the

determined electrical status of the earth line.

2. An apparatus in accordance with Claim 1, wherein the
detector arranged to determine an electrical status of the
earth line is arranged to determine the magnitude of

current flowing through earth.

3. An apparatus in accordance with Claim 2, wherein the
detector is arranged to determine a differential current
between the active and neutral conductors, the

differential current being the earth current value.

4, An apparatus in accordance with Claim 3, wherein the
detector is arranged to sense a magnetic field produced by
the active and neutral lines, in order to determine the

differential current,

5. An apparatus in accordance with .Claim 2, wherein the
detector is arranged to directly measure the current in

the earth line.

6. An apparatus in accordance with any one of the
preceding claims, the processor for determining the fault
being arranged to determine which type of fault is
indicated by the determined electrical status of the

earth.
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7. An apparatus in accordance with any one of the
preceding claims, further comprising an indicator
arrangement arranged to provide notification of a fault

condition, when the fault condition is detected.

8, An apparatus in accordance with Claim 7, arranged to

identify the type of fault condition detected.

2. An apparatus in accordance with Claim 7 or Claim 8,
the indicator arrangement being arranged to provide a
notification of the fault condition to a local and/or

remote location.

10. An apparatus in accordance with any one of the
preceding claims, wherein if the detected earth current is
approximately equal to the active current, the processor
is arranged to determihe that a fault condition of broken

neutral or three line connection has occurred.

11. An apparatus in accordance with any one of the
preceding claims, wherein the processor is arranged to
determine whether or not the earth curfent is above a
predetermined first threshold value and, if it is so
determined, to determine that there is a degraded neutral

fault condition.

12. An apparatus in accordance with any one of the
preceding claims, wherein the processor is arranged to
determine whether the earth current is below a second
threshold value, and if so determined, to determine that
there is a broken or degraded earth fault condition or an

MEN misapplication condition.
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13. An apparatus in accordance with any one of the
preceding claims, wherein the processor is arranged to
determine whether a earth current is above a third
threshold value to determine that there is a fault in an

adjacent premises.

14, An apparatus in accordance with claim 13, wherein the
processor is arranged to determine the phase of the earth
current in order to determine the fault in the adjacent

premises.

15. An apparatus in accordance with any one of the
preceding claims, wherein the processor is arranged to
determine whether the earth current exceeds a fourth
threshold value and, if it is so determined, to determine
the existence of a reversed active-neutral fault

condition.

16. An apparatus in accordance with claim 15, wherein the
processor is also arranged to determine the phase of the

earth current.

17. - An apparatus in accordance with any one of the
preceding claims, wherein the processor is arranged to
determine whether the earth current exceeds a fifth
threshold value and, if so, to determine that there is a

bypassed meter fault condition.

18. An apparatus in accordance with claim 17, wherein the
processor is also arranged to determine the phase of the

earth current.
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19. An electricity meter apparatus, comprising an
arrangement for monitoring electricity consumption, and an
apparatus in accordance with any one of Claims 1 to 18 for
detecting a fault in an electrical power supply being

monitored.

20. A method of detecting fault in a power supply, the
power supply comprising neutral, active, and earth, the
method comprising the steps of determining an electrical
status of the earth, and determining a fault associated

with the determined electrical status of the earth,

21. A method in accordance with claim 20, wherein the
electrical status of the earth that is determined is the

magnitude of current flowing through earth.

22, A method in accordance with claim 21, wherein the
step 6f determining the electrical status of the earth
comprises determining a differential current between the
active and neutral conductors, the differential current

being the earth current value.

23, A method in accordance with claim 22, wherein the
step of determining the differential current comprises the
step. of sensing a magnetic field produced by the active

and neutral lines,

24, A method in accordance with claim 21, wherein the
step of determining the magnitude of current flowing
through earth comprises the step of directly measuring the

current in the earth.

25, A method in accordance with any one of claims 20 to
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24, wherein the step of determining the fault associated
with the determined electrical status of the.earth,
comprises the step of determining which type of fault is
indicated by the determined electrical status of the

earth,

26. A method in accordance with any one of claims 20 to
25, comprising the further step of providing notification

of a fault condition when the fault condition is detected.

27, A method in accordance with claim 6, comprising the
further step of identifying the type of fault condition
detected.

28, A method in accordance with claim 26 or claim 27,
wherein the step of providing notification of a fault
condition comprises the step of transmitting the

notification to a local and/or remote location.

29. A method in accordance with any one of claims 20 to
28, wherein the step of determining a fault comprises the
step of determining that a fault condition is a broken
neutral or three line connection, when the determined
status of the earth is that the earth current is

approximately equal to the active current.

30. A method in accordance with any one of claims 20 to
29, wherein the step of determining the fault comprises
the step.of determining that there is a degraded neutral
fault condition, when it is determined that the electrical
status of the earth is that the earth current is above a

predetermined first threshold value.
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31, An apparatus in accordance with any one of claims 20
to 30, wherein the step of determining a fault comprises
the step of determining‘that there is a broken or degraded
earth fault condition, or an MEN misapplication condition,

when the earth current is below a second threshold value.

32. A method in accordance with any one of claims 20 to
31, wherein the step of determining a fault is arranged to
determine that there is a fault in adjacent premises, when
it is determined that the electrical status of the earth

is an earth current above a third threshold value.

33, A method in accordance with claim 32, wherein the

step of determining the electrical status of the earth

comprises the further step of determining the phase of the

earth current.

34. A method in accordance with any one of claims 20 to
33, wherein the step of determining a fault comprises the
step of determining the existence of a reverse active-
neutral fault condition, when it is determined that the
electrical status of the earth is that the earth current

exceeds a fourth threshold value.

35, A method in accordance with claim 34, when the step
of determining the electrical status of the earth
comprises the further step of determining the phase of the

earth current,

- 36, A method in accordance with any one of claims 20 to

35, wherein the step of determining a fault comprises the
step of determining that there is a bypass meter fault

condition, when the determined electrical status of the
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earth is that the earth current exceeds a fifth threshold

value.

37. A method in accordance with claim 36 wherein the step
5 of determining an electrical status of the earth comprises
the further step of determining the phase of the earth

current.
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