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DESCRIPTION

Technical Field

[0001] The present application relates to an electricity meter having a fault detection
mechanism and to a fault detection method.

Background

[0002] Electricity meters are used to meter the amount of electrical energy that a consumer
withdraws from an electrical energy distribution grid. Typically, electricity meters include a
current transformer which comprises a conductor (referred to as "primary conductor” in the
following), a winding (referred to as "secondary winding" in the following) and a magnetic core
which magnetically couples with the conductor and the winding.

[0003] For the purpose of metering the amount of withdrawn energy, the AC load current
supplied to the consumer is fed through the primary conductor. Due to the magnetic coupling
between the primary conductor and the secondary winding, the secondary winding yields an
output in accordance with the AC load current flowing through the primary conductor. On the
basis of this output, the energy withdrawn by the consumer may be determined.

[0004] In case, however, a DC magnetic field is provided in the vicinity of the electricity meter,
the metering accuracy of the electricity meter may be compromised. Current transformers in
electricity meters are used and sized to work in the linear region. The presence of an external
DC magnetic field can add an offset which pushes the working point of the current transformer
into the saturation region. As a consequence, the current flowing in the secondary winding is
no longer a suitable representation of the load current supplied to the consumer. For this
reason, the energy amount determined on the basis of the current flowing through the
secondary winding may be incorrect. A solution is needed to reliably detect the occurrence of
such a fault.

[0005] UK patent applications 2 232 493 A and 2 409 528 A, US patent 4,901,008 A describe
electricity meters whereby fraudulently or accidentally induced magnetic flux to a transformer is
either cancelled out of detected by using auxiliary windings. US patent application
2010/0164501A describes an alternating current switch device and a method for monitoring or
diagnosis of the operability thereof.

Summary

[0006] According to an embodiment described herein, an electricity meter is provided for
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metering an amount of energy in accordance with a primary AC current and an AC supply
voltage provided by an electrical distribution grid. The AC supply voltage of the electrical
distribution grid has a given AC voltage frequency and the primary AC current is fed through a
primary conductor. The electricity meter comprises a current transformer which comprises the
primary conductor, a secondary winding, an auxiliary winding, and a magnetic core arranged to
be magnetically coupled with the primary conductor, the secondary winding and the auxiliary
winding. The electricity meter further comprises a circuit which is configured to provide the
auxiliary winding with a test signal modulated in accordance with at least one of a first and a
second modulation state, the test signal having the same frequency as the AC supply voltage.
The electricity meter further comprises an electrical energy consumption measurement unit
which is coupled to the secondary winding and configured to provide a first test value as a
function of a secondary current flowing through the secondary winding when the test signal is
in a first modulation state. The energy consumption measurement unit is further configured to
provide a second test value as a function of a secondary current flowing through the secondary
winding when the test signal is in a second modulation state, and determine, on the basis of
the first and second test values, whether a measurement fault warning signal is to be
generated.

[0007] According to a further embodiment described herein, a method is provided for
detecting a fault in an electricity meter for metering an amount of energy in accordance with a
primary AC current and an AC supply voltage provided by an electrical distribution grid. The AC
supply voltage of the electrical distribution grid has a given AC voltage frequency and the
primary AC current flows through a primary conductor. The electricity meter comprises a
current transformer which comprises the primary conductor, a secondary winding, an auxiliary
winding, and a magnetic core arranged to be magnetically coupled with the primary conductor,
the secondary winding and the auxiliary winding. The electricity meter further comprises a
circuit which is configured to provide the auxiliary winding with a test signal modulated in
accordance with at least one of a first and a second modulation state, the test signal having the
same frequency as the AC supply voltage. The method comprises the step of providing a first
test value as a function of a secondary current flowing through the secondary winding when
the test signal is in the first modulation state. The method further comprises the step of
providing a second test value as a function of a secondary current flowing through the
secondary winding when the test signal is in the second modulation state. The method further
comprises the step of determining, on the basis of the first and second test values, whether a
measurement fault warning signal is to be generated.

[0008] According to these embodiments, the test signal has the same frequency as the AC
supply voltage frequency of the power distribution grid. According to advantageous but non-
limiting exemplary embodiments, the test signal can be generated easily by deriving it from the
AC supply voltage itself.

Brief Description of the Drawings
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[0009]

Figure 1 illustrates a schematic block diagram of an embodiment of an electricity meter.
Figure 2a illustrates an amplitude modulation of a test signal having a square waveform.
Figure 2b illustrates a phase modulation of a test signal having a square waveform.

Figure 3 illustrates a schematic block diagram of a further embodiment of an electricity meter.

Figure 4 illustrates a flow diagram of an embodiment of a method for detecting a fault in an
electricity meter.

Figure 5 illustrates a flow diagram of a further embodiment of a method for detecting a fault in
an electricity meter.

Figure 6 illustrates a flow diagram of a further embodiment of a method for detecting a fault in
an electricity meter.

Figure 7 illustrates a flow diagram of a further embodiment of a method for detecting a fault in
an electricity meter.

Detailed description

[0010] First, an embodiment of an electricity meter will be described with reference to Figure
1.

[0011] The electricity meter 100 shown in Figure 1 includes a current transformer 110, which
comprises a primary conductor 101, a secondary winding 111, an auxiliary winding 112, and a
magnetic core 113. The magnetic core 113 is arranged to be magnetically coupled with the
primary conductor 101, the secondary winding 111 and the auxiliary winding 112.

[0012] The electricity meter 100 further comprises a circuit 130 which is electrically coupled to
the auxiliary winding 112 and configured to provide the auxiliary winding 112 with a test signal
VTest- The test signal Vst may be modulated to be in at least one of a first and a second
modulation state. That is, the circuit may provide the test signal Vi in the first or in the
second modulation state. Non-limiting examples of modulating the test signal include
modulating the amplitude or the phase of the test signal. It is noted that the test signal Vgt is

not limited to a voltage signal, but may be any other electrical signal, such as a current signal.

[0013] The electricity meter 100 further comprises an electrical energy consumption
measurement unit 120, which is electrically coupled to the secondary winding 111. The
electrical energy consumption measurement unit 120 is configured to determine an energy
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amount based on the current flowing through the secondary winding 111 (this current is
referred to as "secondary current” in the following).

[0014] The electrical energy consumption measurement unit 120 is further configured to
determine test values when the test signal is in the first or second modulation state. According
to a preferable but non-limiting embodiment, the test values are obtained using the energy
consumption measurements performed by the energy consumption measurement unit anyway
present in the electricity meter. The test values are a function of the secondary current flowing
through the secondary winding. They may represent an electrical measure supplied by the
secondary winding to a measurement circuit. Suitable examples of electrical measures are at
least one of voltage, current, active power, reactive power, energy. Alternatively or additionally,
the test values may represent an electrical measure like electrical energy or active and/or
reactive power that is obtained for example by multiplying the current or voltage supplied by
the secondary winding by the AC supply voltage and averaging or integrating the product over
time as appropriate. The person skilled in the art will appreciate that various electrical
measures are suitable for obtaining the test values and the present invention is not limited to
using any particular electrical measure. Many different ways of representing the output of the
secondary winding are conceivable - the output may be represented by energy values, power
values, voltage values, current values or any other values which are a function of the
secondary current.

[0015] The electrical energy consumption measurement unit 120 is further configured to
determine, on the basis of the test values, whether a measurement fault warning signal is to be
generated. This determination is based on at least two test values which are determined in
accordance with at least two different modulation states of the test signal. In other words, for
determining the different test values the test signal takes different modulation states. As a non-
limiting example the amplitude of the test signal is modulated, a first test value is determined
when the amplitude of the test signal has a first level, and a second test value is determined
when the amplitude of the test signal has a second level different from the first level. As
another non-limiting example the phase of the test signal is modulated, a first test value is
determined when the phase of the test signal takes a first phase value and a second test value
is determined when the phase of the test signal takes a second phase value different from the
first phase value.

[0016] In the following, a non-limiting example of the operation of the electricity meter will be
given.

[0017] In operation, i.e. when the electricity meter is coupled to an electrical distribution grid
and meters the amount of energy provided by the electrical distribution grid to a consumer, the
AC load current (also referred to as primary AC current in the following) which the consumer
withdraws from the electrical distribution grid, is fed through the primary conductor 101. Due to
the magnetic coupling between the primary conductor 100 and the secondary winding 111, the
secondary current flowing through the secondary winding 111 is a function of the primary AC
current.
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[0018] In one embodiment, the electrical energy consumption measurement unit may meter a
power or energy amount provided to the consumer on the basis of the secondary current and
the AC supply voltage of the electrical distribution grid. This metering of a power or energy
amount may be conducted in a manner well known per se. In accordance with a further
embodiment, the electricity meter may be configured such that the AC supply voltage is
provided to the electrical energy consumption measurement unit. Alternatively or additionally,
the electricity meter may be configured such that a signal derived from the AC supply voltage is
provided to the electrical energy consumption measurement unit. An example of such a
derived signal may be a signal obtained from a voltage divider connected to the AC supply
voltage. Another example of such a derived signal may be a signal which varies in accordance
with the phase of the AC supply voltage.

[0019] Next, the fault detection functionality of the electricity meter will be described in detail.

[0020] As mentioned in the introductory section, the correct determination or measurement of
the energy amount supplied to the consumer may be compromised by a saturation of the
magnetic core 113 caused by the application of an external DC magnetic field. In case such
saturation of the magnetic core 113 is present, the secondary current is no longer a suitable
representation of the primary AC current. As a result, the energy amount determined by the
electrical energy consumption measurement unit 120 does not represent the actual amount of
energy withdrawn by the consumer.

[0021] In accordance with the present invention, such fault may be detected by means of the
circuit 130, the auxiliary winding 112 and the energy consumption measurement unit 120. The
auxiliary winding 112 is magnetically coupled to the secondary winding 112 via the magnetic
core 113. Therefore, the secondary current is a function of the current flowing through the
auxiliary winding (this current is referred to as "test current” in the following). The relationship
between the test current and the secondary current is a function of the working point of the
magnetic core 113. That is, when the above mentioned fault of a saturated magnetic core 113
occurs, the relationship between the test current and the secondary current is different from
the relationship between the test current and the secondary current when the magnetic core
113 is operated in its linear region. By providing a predetermined test signal to the auxiliary
winding 112 and assessing the resultant output of the secondary winding, it may thus be
determined whether the magnetic core 113 is saturated; i.e. whether a fault has occurred.

[0022] As an advantage of this approach of coupling the test signal into the system via the
auxiliary winding, one does not have to modify the primary conductor. Moreover, as a further
advantage, if the energy consumption measurement unit is used for determining the first and
second test values, the described fault detection mechanism may be implemented in a cost
effective manner, since an energy consumption measurement unit is already present in a
conventional electricity meter and is able to determine power or energy amounts, which may
be used as test values.
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[0023] It is noted that, while a conventional energy consumption measurement unit is not
configured to determine whether a measurement fault warning signal is to be generated on the
basis of first and second test values, this functionality may be added by adapting the
conventional energy consumption measurement unit. Such adaption may be performed in
many different ways. If, for example, the energy consumption measurement unit comprises a
programmable chip, the software of the chip may be adapted to realize the described
determination whether a measurement fault warning signal is to be generated. As an
alternative, a further chip or further circuitry may be added to the conventional energy
consumption measurement unit, or another chip of the electricity meter may be reprogrammed
to realize this functionality. It is to be understood that such additional hardware does not
necessarily need to be physically integrated with the conventional energy consumption
measurement unit in order to implement the energy consumption measurement unit as
described herein. That is, the described energy consumption measurement unit is not limited
to a single physical entity but may also be realized by a group of different physical entities such
as a group of chips, etc. Of course, the energy consumption measurement unit may also be
realized by a group of software modules.

[0024] The electrical energy consumption measurement unit 120 is configured to provide two
test values in accordance with two different modulation states of the test signal. For this
reason, the determination of whether a measurement fault warning signal is to be generated
may be based on a differential assessment of the test values. That is, it may be assessed how
the output of the secondary winding changes from one modulation state of the test signal to
the other. This has the advantage that the presence of a primary AC current may be
compensated. If the same primary AC current is present during both the determination of the
first and second test values, the contribution of this primary AC current is the same to both the
first and the second value. The contribution of the primary AC current can thus be easily
cancelled out by e.g. basing the determination of whether the measurement fault warning
signal is to be generated on the difference between the first and second test values.
Alternatively or additionally, a degree of correlation of the test values and the modulation state
of the test signal to each other over time can be used as a basis for determining whether a
measurement fault warning signal should be generated.

[0025] In the following, the test signal Viest Will be described in more detail with reference to

the examples shown in Figures 2a and 2b. Generally, the circuit 130 is configured to provide
the test signal in a first and a second modulation state. In accordance with an embodiment, the
first modulation state may differ from the second modulation state in at least one of amplitude
and phase of the test signal.

[0026] Figure 2a illustrates an example of a test signal being provided in two modulation
states having different amplitudes. As may be gathered from Figure 2a, the amplitude of the
test signal in the first modulation state may be zero, while the amplitude of the test signal in the
second modulation state may be greater than zero. As may further be gathered from Figure
2a, the frequency of the test signal may be equal to the frequency of the AC supply voltage. Of
course, instead of applying a full on / full off modulation as shown in this non-limiting example,
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other modulation levels for the different modulation states can be used as well.

[0027] Figure 2b illustrates an example of a test signal being provided in two modulation
states having different phases. As may be gathered from Figure 2b, the phase of the first
modulation state may be shifted relative to the phase of the test signal in the second
modulation state. In the example of Figure 2b, the phase is shifted by an amount of 180°. As
may further be gathered from Figure 2a, the frequency of the test signal may be equal to the
frequency of the AC supply voltage. Of course, the present invention is not limited to a phase
shift amount of 180°. It is readily apparent that other phase shift amounts than 180° can be
used as well.

[0028] It is noted that, even though the test signal is shown as a square wave in these
examples, the test signal is not limited to a particular waveform. The test signal may also be
provided in any other suitable waveform such as a sine waveform, rectangular waveform or
triangular waveform.

[0029] Moreover, even though the examples show that the first modulation state is directly
followed by the second modulation state, one modulation state does not necessarily need to be
followed directly by another modulation state. Instead there may for example be an extended
time period between modulation states in which no test signal or no modulation of the test
signal is provided.

[0030] According to a further embodiment, the phase of the test signal may be set relative to
the phase of the AC supply voltage. As shown in Fig. 2a, the test signal may be provided with
the same phase as the AC supply voltage. The test signal may also be provided with a phase
shift relative to the phase of the AC supply voltage.

[0031] In the following, examples of how the circuit provides the test signal will be described.

[0032] In accordance with an embodiment, the test signal may be based directly on the AC
supply voltage of the electrical distribution grid. That is, when the electricity meter is in
operation and connected to the AC supply voltage, the test signal may be based on an
electrical signal branched off the AC supply voltage, for example by means of a voltage divider.
The circuit may be configured to receive the electrical signal and may further be configured to
adapt at least one of the amplitude and phase of the electrical signal for providing the test
signal in the respective modulation states. In other words, according to this embodiment, the
circuit may be configured to adapt at least one of the amplitude and phase of the AC grid
voltage and provide the adapted AC grid voltage as the test signal.

[0033] As a benefit of this approach, the test signal may be generated in a simple and cost
efficient manner. That is, in accordance with this embodiment, it is not necessary to provide a
complex and expensive function generator for generating the test signal. Instead, as
elaborated in more detail below, for adapting the amplitude or phase of the AC supply voltage
in order to provide the test signal, simple and inexpensive circuitry may be used.
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[0034] In one embodiment, the circuit comprises a switch which is connected to the auxiliary
winding. When the switch is open, no electrical signal will be provided to the auxiliary winding.
This state is equivalent to the modulation state in which the amplitude of the test signal is zero.
When the switch is closed, the test signal may be provided in the modulation state in which the
amplitude is larger than zero. In one embodiment, the electrical signal is the adapted AC
supply voltage.

[0035] In accordance with a further embodiment, the circuit comprises means for setting the
amplitude of the electrical signal. The circuit may e.g. comprise a variable resistor for this
purpose. The electrical signal may e.g. be the AC supply voltage, when the electricity meter is
in operation and connected to the AC supply voltage.

[0036] In accordance with a further embodiment, the circuit comprises means for adapting the
phase of the electrical signal. The electrical signal may e.g. be the AC supply voltage. This
functionality may be realized by a variable resistor. The circuit may additionally or alternatively
comprise passive components such as inductors, capacitors and resistors. The passive
components may be arranged to form an RL circuit or an RLC circuit together with the auxiliary
winding, such that the phase of the test signal relative to the phase of the AC supply voltage
may be set to a predetermined value.

[0037] In accordance with an embodiment, the circuit is connected between the AC supply
voltage and the auxiliary winding and comprises a switch and passive electrical components,
such as the resistors, inductors and capacitors mentioned above. In accordance with yet
another embodiment, the circuit consists of a switch and passive electrical components.

[0038] Next, examples of the determination of the first and second test values will be
described.

[0039] According to a further embodiment, the electricity meter 100 comprises a control unit
150 configured to provide a control signal for the circuit. The circuit may be configured to
control the modulation state of the test signal in accordance with the control signal. In one
embodiment, the circuit may comprise a switch as described above and the control signal may
control the switch.

[0040] In accordance with a further embodiment, the control unit 150 may be configured to
provide the control signal also to the electrical consumption measurement unit 120 and the
determination of the first and second test values may be based on the control signal. In
particular, the electrical energy measurement unit may set a first and a second test interval on
the basis of the control signal and may determine the first test value on the basis of the
secondary current flowing in the first test interval, and may determine the second test value on
the basis of the secondary current flowing in the second test interval.

[0041] It is noted that a test value may be based on a single current value within a test
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interval, such as a peak amplitude. That is, a test value may be a single current value, voltage
value or power value based on a peak value of the secondary current flowing during the
respective test interval. A test value may also be based on an integration over the entire test
interval. That is, a test value may e.g. be provided as an energy value or averaged power
value obtained by integrating the product of the secondary current and the AC supply voltage
over the entire test interval. The first and second test values may thus be power or energy
values determined on the basis of the secondary current and the AC supply voltage.

[0042] Moreover, the electrical energy measurement unit 120 may be configured to generate
a pulse signal, the pulse frequency of which being indicative of at least one of active power and
reactive power determined as a function of the secondary current and the AC supply voltage.
The first and second test values may then be determined as time intervals between pulses of a
pulse signal. As the first test value, a first time interval between a first pair of pulses may be
provided and, as the second test value, a second time interval between a second pair of pulses
may be provided. In one embodiment, the test values may be based on time intervals between
successive pulses. In this manner, the minimum possible time interval is chosen as the basis of
the test intervals. This minimizes the probability that the primary AC current changes during
determination of the test values. This approach is advantageous since the accuracy of the fault
detection functionality may be compromised if the primary AC current changes while one of the
test values is determined, or changes in between the determination of the first and second test
values. In order to further reduce this risk that the primary AC current changes between
measurements the second time interval may directly precede or follow the first time interval.

[0043] Another approach of mitigating the influence of the primary AC current may consist in
averaging out the contributions of the primary AC current by determining the test values on the
basis of the secondary current flowing over a large time period. In one embodiment, the
electrical energy consumption measurement unit 120 may provide a pulse signal, as described
above, and the test values may be determined as numbers of pulses registered during
respective accumulation time intervals. In order to average out contributions of the primary AC
current, these accumulation time intervals may be chosen to be 24 hours or longer.

[0044] In order to further reduce the risk of the primary AC current affecting the fault detection
functionality, the measurement unit may comprise an acquisition unit, configured to acquire a
power consumption over time profile, and the measurement unit may be configured to set the
length of the first and second accumulation time intervals on the basis of the acquired power
consumption over time profile. It may thus be determined, how long the accumulation time
intervals have to be in order to sufficiently average out the influences of the first primary AC
current on the secondary current. Based on this determination, the accumulation time intervals
may be set.

[0045] In accordance with another embodiment, the risk of the primary AC current affecting
the fault detection functionality may be reduced by setting the first and second test intervals to
predetermined times of day. That is, the test intervals may e.g. be set to times after midnight or
early in the morning, when it is most likely that the load current withdrawn by the consumer
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remains relatively constant. In accordance with a further embodiment, the times of day may be
determined on the basis of an acquired power consumption over time profile.

[0046] In the following, embodiments of particularly beneficial combinations of providing the
test signal and determining the test values will be described.

[0047] In accordance with one embodiment of the present invention, the first and second
values are energy detection values indicative of an amount of energy due to active power. The
energy detection values are determined on the basis of the secondary current and the AC
supply voltage. Moreover, in accordance with this embodiment, the amplitude of the test signal
is zero in the first modulation state and larger than zero in the second modulation state.
Furthermore, the phase shift between the test signal in the second modulation state and the
AC supply voltage is 90°. In one exemplary embodiment, the test signal is a current signal.

[0048] The amplitude of the test signal in the first modulation state is zero. Therefore, when
the test signal is in the first modulation state, it does not influence the secondary current and
thus will not affect the energy metering operation of the electricity meter. Moreover, when the
test signal is in the second modulation state, its phase is shifted by 90° with regard to the AC
supply voltage. If the current transformer operates normally, the secondary current induced by
the test signal has the same phase shift with regard to the AC supply voltage as the test signal.
As such, the determination of an energy detection value indicative of active power based on
the secondary current and the AC supply voltage is not affected by the test signal in the
second modulation state. Due to the phase shift of 90°, the secondary current induced by the
test signal only influences the determination of reactive power.

[0049] In case the magnetic core of the current transformer is saturated, the phase of the
secondary current induced by the test signal changes. In particular, in case the transformer is
saturated, the secondary current may have a phase shift of approximately 90° relative to the
phase of the test signal, resulting in a phase shift of approximately 180° between the
secondary current and the AC supply voltage. The secondary current induced by the test
signal therefore influences the amount of active power determined by the electrical energy
consumption measurement unit. In particular, due to the phase shift of approximately 180°, the
amount of active power may decrease when switching from the first to the second modulation
state.

[0050] Therefore, if the second test value deviates from the first test value by more than a
predetermined threshold, and, in particular, if the second test value is smaller than the first test
value, it may be assumed that the transformer is saturated and a measurement fault warning
signal may be generated.

[0051] This embodiment is particularly advantageous for electricity meters which meter
energy indicative of active power. Since the provision of the test signal does not affect the
determination of active power as long as the current transformer is operating normally, the
described fault detection mechanism does not distort the normal energy metering operation.



DK/EP 3071986 T3

[0052] According to a further embodiment, the circuit is configured to provide the test signal
such that the phase of the test signal in the first modulation state is shifted by 180° relative to
the phase of the test signal in the second modulation state. Moreover, the phase of the test
signal may set to be equal to the phase of the AC supply voltage, and the amplitude of the test
signal in the first modulation state may be set equal to the amplitude of the test signal in the
second modulation state. Moreover, the first test interval may be set to be of equal length as
the second test interval. The test signal shown in Figure 2b is an example of this configuration.
In accordance with this configuration, if the electricity meter measures the amount of withdrawn
energy on the basis of active power based on the secondary current and the AC supply
voltage, the advantage is attained that the provision of the test signal does not have a net
influence on the energy measurement. That is, the contributions of the additional secondary
current induced by the test signal in the first and second modulation states cancel each other
out such that the net contribution is zero.

[0053] In the following, examples will be provided of how it may be determined whether the
measurement fault warning signal is to be generated.

[0054] As discussed above, the determination of whether the measurement fault warning
signal is to be generated is based on the first and second test values. In accordance with one
embodiment, the difference between the first and second test values may be compared to a
predetermined threshold for performing the determination. The predetermined threshold may
be recorded in advance and may be set in between the difference between the first and
second test values obtained when the magnetic core operates in the linear region and the
difference between the first and second test values obtained when the magnetic core operates
in the saturated region. In accordance with another embodiment, it may be assessed whether
the difference between the first and second test values falls within a predetermined first range.
This first range may represent a range of differences between the first and second test values
caused by the test signal under normal operating conditions of the electricity meter. The range
may be recorded in advance and may be stored in a memory of the electricity meter.

[0055] In accordance with an embodiment, the determination of whether the measurement
fault warning signal is to be generated may be based on a correlation between a signal that
varies in accordance with the modulation state of the test signal and on a set formed of the first
and second test values. That is, a set may be formed out of the first and second values and
this set may be correlated with a signal that varies in accordance with the modulation state of
the test signal. An example of such signal is the above described control signal. In a preferred
embodiment, the test signal may be provided in the first and second modulation states multiple
times and the first and second test values may be determined multiple times, such that the
correlation may be performed over a larger number of values. The resultant correlation value
may then be compared to a predetermined threshold in order to determine whether the
measurement fault warning signal is to be generated.

[0056] In the following, examples will be provided of how the measurement fault warning
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signal may be processed.

[0057] In accordance with one embodiment, the electrical energy consumption measurement
unit is configured to generate a measurement fault indication signal in response to the
generated measurement fault warning signal. That is, the measurement fault warning signal
may not directly indicate a measurement fault. This approach is advantageous in cases where
a single measurement fault warning signal may be caused by a change of the primary AC
current and not by a saturated magnetic core.

[0058] In accordance with a further embodiment, the measurement unit 120 is configured to
generate the measurement fault indication signal if a predetermined number of successive
determinations of whether the measurement fault warning signal is to be generated have
resulted in the determination that the fault warning signal is to be generated. That is, the
measurement fault indication signal is only generated if a predetermined number of successive
determinations result in the generation of the measurement fault warning signal.

[0059] In accordance with a further embodiment, the electrical energy consumption
measurement unit 120 is configured to generate the measurement fault indication signal if,
within a predetermined time interval, a predetermined number of determinations of whether the
fault warning signal is to be generated have resulted in the determination that the fault warning
signal is to be generated.

[0060] In accordance with a further embodiment, the electrical energy consumption
measurement unit 120 is configured to generate the measurement fault indication signal if,
among a first predetermined number of determinations of whether the fault warning signal is to
be generated, a second predetermined number of the determinations have resulted in the
determination that the fault warning signal is to be generated.

[0061] Figure 3 illustrates a further embodiment of an electricity meter 100. The electricity
meter 100 comprises a current transformer 110, which comprises a primary conductor 101, a
secondary winding 111, an auxiliary winding 112, and a magnetic core 113. The electricity
meter 100 further comprises a circuit 130, an electrical energy consumption measurement unit
120 and a control unit 150. All these features correspond to the features which have already
been described above and which are referenced by the same numerals. These features of the
electricity meter 100 may be configured in any of the above described manners.

[0062] The electricity meter of Figure 3 further comprises a power supply which is coupled to
the AC supply voltage and outputs a DC supply voltage. The DC supply voltage is supplied to
the electrical energy consumption measurement unit.

[0063] The electricity meter further comprises a voltage divider which is coupled to the AC
supply voltage and provides an adapted AC supply voltage having a reduced amplitude. The
adapted AC supply voltage is provided to the electrical energy consumption measurement unit
120 and is used to meter the amount of energy withdrawn by the consumer in a manner
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described above. It is noted that the voltage divider may be incorporated in the electrical
energy consumption measurement unit or may be provided in addition to the electrical energy
consumption measurement unit. The adapted AC supply voltage may further be used to
determine the first and second values, as described in detail above.

[0064] Moreover, the adapted AC supply voltage may be provided to the circuit 130, where it
may be used to generate the test signal in its modulation states, as described above. It is
noted that instead of providing the adapted AC supply voltage to the circuit 130, it is also
possible to provide the AC supply voltage to the circuit 130 and then adapt the amplitude of the
AC supply voltage in the circuit as needed for generating the test signal. As described above,
the circuit 130 may comprise a variable resistor for modulating at least one of the phase or
amplitude of the test signal. However, as described in detail above, the circuit 130 may also
comprise other electrical circuitry suitable for generating the test signal, such as a switch
and/or passive electrical components.

[0065] The electricity meter may further comprise a resistor 121 which is connected in parallel
to the secondary winding. The electrical energy consumption measurement unit may thus
detect the secondary current flowing through the secondary winding by measuring the voltage
drop across the resistor 121. The resistor 121 may be incorporated into the electrical energy
consumption measurement unit or may be provided in addition to the energy consumption
measurement unit. It is noted that the current flowing through the secondary winding may also
be detected by any other current detection method known to the skilled person, and that the
resistor 121 may be omitted for certain current detection methods.

[0066] The electricity meter 100 may comprise a control unit 150 for controlling the
modulation state of the test signal, as described in detail above. The control unit 150 may be
incorporated into the electrical energy consumption measurement unit 120 or may be provided
in addition to the electrical energy consumption measurement unit.

[0067] Figure 4 illustrates a further embodiment of the present invention. According to this
embodiment, a method of detecting a fault in an electricity meter is provided. The method
comprises step ST10 of providing a first test value as a function of a secondary current flowing
through the secondary winding when the auxiliary winding is provided with the test signal Vg
in the first modulation state. The method further comprises step ST20 of providing a second
test value as a function of a secondary current flowing through the secondary winding when
the auxiliary winding is provided with the test signal in the second modulation state. The
method further comprises step ST30 of determining, on the basis of the first and second test
values, whether a measurement fault warning signal is to be generated.

[0068] Figure 5 illustrates a further embodiment of a method of detecting a fault in an
electricity meter. Steps ST10 and ST20 are the same as in the above described embodiment.
In step ST530, a difference between the first and second test values is obtained. It is noted
that this difference may be obtained as an absolute value. In step ST540, it is assessed,
whether the difference exceeds a predetermined threshold. The predetermined threshold may
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be recorded in advance and may be set in between the difference between the first and
second test values obtained when the magnetic core operates in the linear region and the
difference between the first and second test values obtained when the magnetic core operates
in the saturated region. It is noted that this threshold may also be determined as an absolute
value. If it is assessed in Step ST540 that the obtained difference exceeds the predetermined
threshold, it is determined in step ST550 that a measurement fault warning signal is to be
generated. On the contrary, if it is assessed in step ST540 that the obtained difference does
not exceed the predetermined threshold, it is determined in step ST450 that the measurement
fault warning signal is not to be generated.

[0069] Figure 6 illustrates a further embodiment of a method of detecting a fault in an
electricity meter. Steps ST10, ST20 and ST30 are the same as in the embodiment described in
conjunction with Figure 3. If it is determined in step ST30 that the measurement fault warning
signal is to be generated, the method continues with step ST640 and determines whether the
measurement fault warning signal has been generated a predetermined number of times or
more within a predetermined time interval. If it is determined in step ST640 that the
measurement fault warning signal has been generated a predetermined number of times or
more within the predetermined time interval, the method continues to step ST650 and a
measurement fault indication signal is generated. If it is determined in step ST640 that the
measurement fault warning signal has not been generated a predetermined number of times
or more, the method returns to step ST10.

[0070] In this manner, the probability may be reduced that coincidental changes in the primary
AC current lead to the generation of a measurement fault indication signal.

[0071] Figure 7 illustrates a further embodiment of a method of detecting a fault in an
electricity meter. Steps ST10, ST20 and ST30 are the same as in the embodiment described in
conjunction with Figure 3. If it is determined in step ST30 that the measurement fault warning
signal is not to be generated, the method continues with step ST740 and resets a count of
generated measurement fault warning signals. On the contrary, if it is determined that the
measurement fault warning signal is to be generated in step ST30, the method continues with
step ST750 and increments the count of generated measurement fault warning signals. The
method then proceeds to step ST760, in which it is assessed whether the count of generated
measurement fault warning signals exceeds a predetermined number. If this is not the case,
the method will return to step ST10. On the contrary, if the count of generated measurement
fault warning signals exceeds a predetermined number, the method proceeds to step ST770
and a measurement fault indication signal is generated.

[0072] In this manner, the measurement fault indication signal is only generated if a
predetermined number of successive determinations of whether the fault warning signal is to
be generated have resulted in the determination that the fault warning signal is to be
generated. For this reason, the probability may be reduced that coincidental changes in the
primary AC current lead to the generation of a measurement fault indication signal.
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[0073] In accordance with a further embodiment, an electricity meter is provided which is
configured to perform any of the methods described in conjunction with Figures 4 to 7.
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Patentkrav

1. Elektricitetsmaler (100) til at male en maengde af energi i overensstemmelse
med en primaer vekselstram og en vekselstrgmsforsyningsspaending tilvejebragt
af et eldistributionsnet, hvor vekselstrgmsforsyningsspaendingen har en given
vekselstrgmsspaendingsfrekvens og den primaere vekselstrgm er fgdet igennem en
primaer leder (101), hvilken elektricitetsmaler omfatter:

en strgmtransformer (110), omfattende den primaere leder (101), en
sekundeer vikling (111), en hjaelpevikling (112), og en magnetisk kerne
(113) anbragt til at veere magnetisk koblet med den primaere leder, den

sekundeere vikling og hjaelpeviklingen;

et kredslgb (130) konfigureret til at forsyne hjeelpeviklingen (112) med et
testsignal (Vrest) moduleret i overensstemmelse med mindst en af en fgrste
0g en anden modulationstilstand, hvor testsignalet har den samme
frekvens som vekselstrgmsforsyningsspaendingen;

en enhed til at male elektrisk energiforbrug (120) koblet til den sekundaere
vikling (111) og konfigureret til:

- at tilvejebringe en fgrste testveerdi som en funktion af en
sekundeer strgm (Isec) strammende igennem den sekundeere vikling,

nar testsignalet er i en fgrste modulationstilstand,

- at tilvejebringe en anden testvaerdi som en funktion af en
sekundeer strgm (Isec) strammende igennem den sekundeere vikling,

nar testsignalet er i en anden modulationstilstand, og

- at bestemme, pé baggrund af den fgrste og anden testvaerdi,

hvorvidt et mélefejlsadvarselssignal skal genereres.

2. Elektricitetsmaleren (100) ifglge krav 1, hvor kredslgbet, der tilvejebringer
testsignalet, er konfigureret til at tilpasse mindst en af amplitude og fase af
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vekselstrgmsforsyningsspaandingen og at tilvejebringe den tilpassede
vekselstrgmsforsyningsspaending som testsignalet.

3. Elektricitetsmaleren (100) ifglge et af de foregdende krav, yderligere
omfattende en styreenhed (150) konfigureret til at tilvejebringe et styresignal til
kredslgbet (130) for at styre testsignalets (Vrest) modulationstilstand.

4. Elektricitetsmaleren (100) ifglge et af de foregdende krav, hvor enheden til at
male elforbrug (120) er konfigureret til at bestemme, pa baggrund af en
sammenhang mellem et signal, der varierer i overensstemmelse med
testsignalets modulationstilstande og et saet dannet af den fgrste og anden
testveerdi, hvorvidt malefejlsadvarselssignalet skal genereres.

5. Elektricitetsmaleren (100) ifglge et af de foregdende krav, hvor kredslgbet
(130) er konfigureret til at tilvejebringe testsignalet (Vrest) séledes at den fgrste
modulationstilstand er forskellig fra den anden modulationstilstand i mindst en af
en amplitude og en fase.

6. Elektricitetsmaleren (100) ifglge et af de foregdende krav, hvor kredslgbet
(130) er konfigureret til at tilvejebringe testsignalet (Vrest) séledes at, i den fgrste
modulationstilstand, amplituden af testsignalet er nul, og, i den anden
modulationstilstand, amplituden af testsignalet er stgrre end nul.

7. Elektricitetsmaleren (100) ifglge et af de foregdende krav, hvor kredslgbet er
konfigureret sledes at fasen af testsignalet (Vrest) i den f@grste modulationstilstand
er forskudt med 180° i forhold til fasen af testsignalet i den anden
modulationstilstand.

8. Elektricitetsmaleren (100) ifglge et af de foregdende krav, hvor enheden til at
male elektrisk energiforbrug (120) er konfigureret til at bestemme hvorvidt
malefejlsadvarselssignalet skal genereres pa baggrund af en sammenligning
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mellem en forskel mellem den fgrste og anden testvaerdi og en forudbestemt
taerskel.

9. Elektricitetsmaleren (100) ifglge et af de foregdende krav, hvor enheden til at
male elektrisk energiforbrug (120) er konfigureret til at bestemme, i
overensstemmelse med vekselstrgmsforsyningsspaendingen, den fgrste og anden
testvaerdi som energidetektionsveerdier indikative for mindst en af en maangde af
energi pa grund af aktiv effekt og en maengde af energi pa grund af reaktiv effekt,
og hvor kredslgbet er konfigureret til at tilvejebringe testsignalet (Vrest) i mindst
en af den fgrste modulationstilstand og den anden modulationstilstand med en

forudbestemt fase i forhold til vekselstrgmsforsyningsspaandingen.

10. Elektricitetsmaleren (100) ifglge krav 9, hvor hver af den fgrste og anden
testveerdi er en energidetektionsvaerdi, der indikerer en maengde af energi pa
grund af aktiv effekt, hvor, i den fgrste modulationstilstand, amplituden af
testsignalet er nul, og, i den anden modulationstilstand, amplituden af testsignalet
er stgrre end nul, og hvor en forudbestemt faseforskydning mellem testsignalet i

den anden modulationstilstand og vekselstrgmsforsyningsspaandingen er 90°.

11. Elektricitetsmaleren (100) ifslge et af de foregdende krav, hvor enheden til at
male elektrisk energi (120) er konfigureret til at generere et impulssignal, hvor
impulsfrekvensen af impulssignalet indikerer mindst en af aktiv effekt og reaktiv

effekt bestemt som en funktion af den sekundaere strgm.

12. Elektricitetsmaleren (100) ifglge krav 11, hvor méaleenheden (120) er
konfigureret til at tilvejebringe, som den fgrste testvaerdi, et fgrste tidsinterval
mellem et fgrste par af p& hinanden fglgende impulser af impulssignalet, og til at
tilvejebringe, som den anden testvaerdi, et andet tidsinterval mellem et andet par
af pa hinanden fglgende impulser.
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13. Elektricitetsmaleren (100) ifslge krav 10, hvor det andet tidsinterval gar
direkte forud for eller efterfglger det fgrste tidsinterval.

14. Elektricitetsmaleren (100) ifglge krav 11, hvor enheden til at male elektrisk
energiforbrug (120) er konfigureret til at bestemme den fgrste og anden testveerdi
som antal af impulser af impulssignalet registreret under henholdsvis fgrste og
andet akkumulationstidsintervaller.

15. Elektricitetsmaleren (100) ifglge krav 14, hvor laengden af det fgrste og andet

akkumulationstidsinterval er 24 timer eller mere.

16. Elektricitetsmaleren (100) ifglge et af kravene 14 til 15, hvor enheden til at
male elektrisk energiforbrug omfatter en erhvervelsesenhed, konfigureret til at
erhverve en profil af energiforbrug over tid, hvor enheden til at méle elektrisk
energiforbrug er konfigureret til at saette laengden af det fgrste og andet
akkumulationstidsinterval pd baggrund af den erhvervede profil af energiforbrug
over tid.

17. Elektricitetsmaleren (100) ifglge et af kravene 1 til 16, hvor enheden til at
male elektrisk energiforbrug (120) er konfigureret til at tilvejebringe den fgrste
testvaerdi som en funktion af den sekundaere strgm stremmende i et fgrste
testinterval, og at tilvejebringe den anden testvaerdi som en funktion af den
sekundeere strgm strgmmende i et andet testinterval, og saette det fgrste og

andet testinterval til forudbestemte tidspunkter pa dagen.

18. Elektricitetsmaleren (100) ifglge krav 17, hvor enheden til at male elektrisk
energiforbrug omfatter en erhvervelsesenhed, konfigureret til at erhverve en profil
af energiforbrug over tid, hvor méleenheden er konfigureret til at saette de
forudbestemte tidspunkter pé dagen pa baggrund af den erhvervede profil af
energiforbrug over tid.
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19. Elektricitetsméleren (100) ifglge et af de foregdende krav, hvor enheden til at
male elektrisk energiforbrug (120) er konfigureret til at generere et
malefejlsindikationssignal som respons pé et genereret malefejlsadvarselssignal.

20. Elektricitetsmaleren (100) ifglge krav 19, hvor enheden til at male elektrisk
energiforbrug (120) er konfigureret til at generere malefejlsindikationssignalet,
hvis et forudbestemt antal af p& hinanden fglgende bestemmelser af hvorvidt
fejladvarselssignalet skal genereres har resulteret i bestemmelsen at
fejladvarselssignalet skal genereres.

21. Elektricitetsmaleren (100) ifglge krav 19, hvor enheden til at male elektrisk
energiforbrug (120) er konfigureret til at generere malefejlsindikationssignalet
hvis, inden for et forudbestemt tidsinterval, et forudbestemt antal af
bestemmelser af hvorvidt fejladvarselssignalet skal genereres har resulteret i
bestemmelsen at fejladvarselssignalet skal genereres.

22. Elektricitetsmaleren (100) ifglge krav 19, hvor enheden til at male elektrisk
energiforbrug (120) er konfigureret til at generere malefejlsindikationssignalet
hvis, blandt et fgrste forudbestemt antal af bestemmelser af hvorvidt
fejladvarselssignalet skal genereres, et andet forudbestemt antal af
bestemmelserne har resulteret i bestemmelsen at fejladvarselssignalet skal

genereres.

23. Fremgangsmade til at detektere en fejl i en elektricitetsmaler (100) til at méle
en mangde af energi i overensstemmelse med en primaer vekselstrgm og en
vekselstrgmsforsyningsspaending tilvejebragt af et eldistributionsnet, hvor
vekselstrgmsforsyningsspaendingen har en given vekselstramsspaendingsfrekvens
0g den primaere vekselstrgm fgdes igennem en primeer leder (101), hvor
elektricitetsmaleren omfatter:

en stramtransformer (110) omfattende den primeaere leder, en sekundaer
vikling (111), en hjeelpevikling (112), og en magnetisk kerne (113) anbragt
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til at koble magnetisk med den primaere leder, den sekundeaere vikling og

hjeelpeviklingen, og

et kredslgb (130) konfigureret til at forsyne hjeelpeviklingen (112) med et
testsignal (Vrest) moduleret i overensstemmelse med mindst en af en fgrste
0g en anden modulationstilstand, hvor testsignalet har den samme

frekvens som vekselstrgmsspandingen;
hvor fremgangsmaden omfatter trinnene:

- at tilvejebringe (ST10) en fgrste testvaerdi som en funktion af en
sekundaer strgm strgmmende igennem den sekundaere vikling, nar

testsignalet (Vrest) er i den fgrste modulationstilstand,

- at tilvejebringe (ST20) en anden testveerdi som en funktion af en
sekundaer strgm stremmende igennem den sekundaere vikling, nar

testsignalet (Vrest) er i den anden modulationstilstand, og

- at bestemme (ST30), pa& baggrund af den fgrste og anden
testveerdi, hvorvidt et malefejlsadvarselssignal skal genereres.
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