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CURRENT TRANSFORMER

Field of the Invention

The present invention relates to the field of current transformers.

Background of the Invention

Current transformers are used to scale down large primary AC electric currents
to smaller electric currents which can be more easily and safely measured. Current
transformers can be used to scale down single phase or multiple phase currents.

For example, a known three phase current transformer 10 is schematically
illustrated in Figures 1A and 1B. In particular, Figure 1A is an external view of such a
current transformer 10. The current transformer 10 comprises a casing 15 having three
apertures 12a, 12b and 12c, each of which is able to receive a cable or busbar. More
specifically, a cable or busbar received through each of the apertures 12a, 12b, 12¢ is
intended to correspond to a respective phase of a three phase power supply. It will be
appreciated that each cable is able to pass completely through the current transformer
casing 15, emerging to continue on to its destination. Also visible in Figure 1A are six
terminals arranged in three pairs, each pair corresponding to a respective phase of the
three phase current transformer 10. The six terminals are protected by a cover 16.

Figure 1B is an internal cross-section of the three phase current transformer 10
of Figure 1A. Visible are three magnetic cores 18a, 18b, 18¢c which each surround a
respective one of the apertures 12a, 12b, 12c. It will be appreciated that this
arrangement puts each of the magnetic cores in proximity to a primary cable or busbar
passing through one of the apertures 12a, 12b, 12¢ and carrying a particular phase of an
electric power supply. Each of the magnetic cores 18a, 18b, 18c¢ is provided with a
secondary winding 20a, 20b, 20c wrapped around at least a portion of the respective
magnetic core 18a, 18b, 18c. With this configuration, an electric current passing
through the primary cable or busbar within one of the apertures 12a, 12b, 12¢ will
produce a magnetic field in the respective magnetic core 18a, 18b, 18c which in tum
induces a much smaller current in the respective secondary winding 20a, 20b, 20¢c. The
ends of the secondary windings are connected to one of the pairs of terminals 14a, 14b,
14c. A separate measurement device (not shown) can be wired up to the terminals 14a,
14b, 14c to measure the amount of current passing through the secondary windings.
The measurement device is able to estimate the amount of current passing through the

primary cable or busbar based on the amount of current measured at the secondary
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windings and based on a known primary/secondary current ratio of the current
transformer 10. This works because the amount of current induced in the secondary
windings is proportional to the amount of current flowing through the primary cable or
busbar.

One major disadvantage with the design of the current transformer 10 of Figures
1A and 1B is the amount of labour involved in connecting the secondary circuit
(secondary windings and terminals) to a multi-function meter or the like. To achieve
this, typically 12 terminals need to be loosened (6 on the transformer, 6 on the multi-
function meter), 6 cables need routing, 12 cable ends need stripping, 12 crimp terminals
need fitting to the exposed conductors, 12 heat shrink markers may need fitting and
shrinking, 12 terminals need tightening and terminal covers need to be secured to
protect contact with exposed terminals.

A common problem associated with the existing device is the relatively high
probability of wiring errors, for example crossed wires, during connection of the
devices. This can cause damage to the device or injury to a user.

Another major problem with current transformers in general is safety. In
particular, if the secondary circuit is left open-circuit with no load across the terminals,
a potentially lethal high voltage can be induced due to flux saturation if a current is
caused to flow through the primary cable or busbar. This may cause arcing, and if the
terminals are touched in this condition has the potential to cause severe injury or even
death.

A three phase current transformer having a fly lead built (potted) into the case,
and having an RJ11 type connector on the end of the fly lead, has previously been
proposed.

Summary of the Invention

Viewed from one aspect, the present invention provides a current transformer,
comprising:

a housing having one or more apertures, each for receiving a primary cable or
busbar;

one or more magnetic cores enclosed within the housing and being positioned
proximate to respective ones of the apertures so that a magnetic field is produced in a
magnetic core when a primary current flows through a primary cable or busbar received

through the respective aperture;
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one or more secondary windings enclosed within the housing, each secondary
winding being wrapped around at least a portion of a respective magnetic core so that a
secondary current is induced in a secondary winding when a magnetic field is produced
in the respective magnetic core;

shunt circuitry enclosed within the housing and being connected across the
secondary windings to generate a respective voltage signal for each secondary winding;
and

a connector socket integrally mounted to the housing for outputting the voltage
signals.

In this way, the labour costs incurred during installation of the current
transformer can be substantially reduced due to the ‘plug and play’ nature of the
connector socket. Rather than wires being individually connected to the correct
exposed terminals, a connector plug is simply inserted into the connector socket to
provide a connection to a measurement device. Furthermore, the risk of wiring errors is
eliminated, because the only connection to be made is to plug in a single cable.

In addition, the risk of electrocution from secondary terminals being left open-
circuit is removed due to (a) the lack of exposed terminals, and (b) the secondary
windings having shunts across them at all times. This means that the secondary circuit
(windings) will remain loaded regardless of whether the data lead is connected to the
current transformer. Moreover, the data cable itself will generally only be carrying very
low power signals. Finally, the ‘plug and play’ nature of this arrangement makes it
possible to provide great flexibility in terms of cable length. In particular, different
lengths (and types) of cable can be provided to suit the particular application and
environment in which the current transformer is being used.

The current transformer may be a single phase current transformer having one
aperture, one magnetic core and one secondary winding. However, the current
transformer is more preferably a three phase current transformer having three apertures
each for receiving a cable or busbar of a respective phase of a three phase power supply,
three respective magnetic cores, and three respective secondary windings, and wherein
the shunt circuitry generates a respective voltage signal for each of the three phases of
the power supply.

The shunt circuitry and the connector socket may be mounted to a circuit board

located within the housing.
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While a current will be generated in the secondary windings as long as the
magnetic core is in proximity to the primary cable or busbar, preferably each magnetic
core substantially surrounds the respective aperture, resulting in improved
electromagnetic coupling between the primary cable and the magnetic core.

Rather than the current transformer being provided with open apertures for
receiving a cable, the current transformer may be provided with busbars fixed within
respective ones of the apertures. In this case primary cables may be connected to the
fixed busbar in order for the amount of current flowing through the primary cables to be
measured.

In the case of a single phase current transformer, the shunt circuitry may
comprise a resistor connected across the secondary winding, the voltage drop across the
resistor providing a voltage signal for output at the connector socket. Alternatively, the
shunt circuitry may comprise a group of resistors connected in parallel across the
secondary winding, the voltage drop across the group of resistors providing a voltage
signal for output at the connector socket. The use of multiple resistors in parallel
enables greater flexibility in setting an equivalent resistance value for the shunt
circuitry.

In the case of a three phase current transformer, the shunt circuitry may
comprise a first shunt resistor connected across a first of the three secondary windings,
a second shunt resistor connected across a second of the three secondary windings, and
a third shunt resistor connected across a third of the three secondary windings. The
first, second and third shunt resistors may be connected together at one end at a
common ground, the voltage drop between the common ground and the other end of
each of the first, second and third shunt resistors providing voltage signals for the
respective phases. Alternatively, the shunt circuitry may comprise a first shunt resistor
group connected in parallel across a first of the three secondary windings, a second
shunt resistor group connected in parallel across a second of the three secondary
windings, and a third shunt resistor group connected in parallel across a third of the
three secondary windings. Again, the use of multiple resistors in parallel enables
greater flexibility in setting an equivalent resistance value for the shunt circuitry. The
first, second and third shunt resistor groups are connected together at one end at a
common ground, the voltage drop between the common ground and the other end of
each of the first, second and third shunt resistor groups providing voltage signals for the

respective phases.
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Tt will be appreciated that any suitable connector and data cable configuration
could be used. In one example, the socket is an RJ45 connector.

In one example, the full scale output of the secondary windings is 1A.
However, a full scale output of 5A could instead be used, or any other suitable current
rating, depending on the particular application. It will be appreciated that the full scale
output is in practice dependent upon the full scale input current of the primary cable. A
particular current transformer will have a specified primary to secondary current ratio,
largely dependent on the number of secondary windings provided in the current
transformer. It will therefore be understood that a specific current transformer
configuration will be selected in dependence on the maximum primary current to be
measured, and the desired output voltage signal. It is also possible to vary the number
of primary turns (in practice to pass the primary cable through an aperture more than
once) to alter the primary to secondary current ratio of a particular current transformer.

Similarly, any required output voltage rating for the shunt circuitry could be
used, depending on the effective resistance of the shunt circuitry, and the current value
of the secondary windings. In one example, the maximum output voltage of the shunt
circuitry is 333 mV.

Viewed from another aspect, the present invention provides a measurement
device operable to receive the one or more voltage signals output from the current
transformer, and to estimate the amount of current carried by the primary cable or
busbar in dependence on the received voltage signals.

Previously, measurement devices have included integral shunt circuitry. With
embodiments of the present invention, the shunt circuitry is provided within the current
transformer itself, and so is not required in the measurement device. The measurement
device may be a multi-function meter or the like. Whereas previous measurement
devices typically included terminals to permit the measurement device to be wired to a
current transformer, with embodiments of the present invention, the measurement
device is provided with a connector socket (for example an RJ45 socket) for receiving a
data cable to provide a connection to the current transformer. Alternatively, the
measurement device may be provided with a fixed data lead.

Viewed from another aspect, the present invention provides a system for
measuring electric current in a primary cable or busbar, comprising:

a current transformer as described above; and
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a measurement device for receiving the one or more voltage signals output from
the current transformer and estimating the amount of current carried by the primary
cable or busbar in dependence on the received voltage signals.

The current transformer may further comprise protection circuitry enclosed
within the housing and being connected across the secondary windings to limit the
accessible voltage at the connector socket imposed by the secondary windings. Such a
structure could be used as a backup form of protection in the event that the shunt
circuitry should fail. For example, a single resistor across a secondary winding could
form the shunt circuitry, with the protection circuitry being provided in parallel with the
resistor circuitry to clamp the accessible voltage in the event that the resistor should fail.
In one example, the protection circuitry comprises a first diode connected across the
secondary winding and a second diode connected in parallel with the first diode across
the secondary winding, the first and second diodes being connected across the
secondary winding in opposite directions. Either instead of or in addition to the first
and second diodes, a Transil diode may be connected across the secondary winding.

Viewed from another aspect, a current transformer is provided, which,
comprises:

a housing having one or more apertures, each for receiving a primary cable or
busbar;

one or more magnetic cores enclosed within the housing and being positioned
proximate to respective ones of the apertures so that a magnetic field is produced in a
magnetic core when a primary current flows through a primary cable or busbar received
through the respective aperture;

one or more secondary windings enclosed within the housing, each secondary
winding being wrapped around at least a portion of a respective magnetic core so that a
secondary current is induced in a secondary winding when a magnetic field is produced
in the respective magnetic core;

a connector socket integrally mounted to the housing for outputting the current
generated by the secondary windings; and

protection circuitry enclosed within the housing and being connected across the
secondary windings to limit the accessible voltage at the connector socket imposed by
the secondary windings.

In this alternative arrangement, shunt circuitry is not provided within the current

transformer itself. Instead, the current transformer relies on an external shunt, in the
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form of measurement circuitry within a multi-meter for connection to the current
transformer, for example.

The current transformer may be a single phase current transformer having one
aperture, one magnetic core and one secondary winding. Alternatively, the current
transformer may be a three phase current transformer having three apertures each for
receiving a cable or busbar of a respective phase of a three phase power supply, three
respective magnetic cores, and three respective secondary windings.

The protection circuitry and the connector socket may be mounted to a circuit
board located within the housing. Each magnetic core may substantially surround the
respective aperture. One or more busbars may be fixed within respective ones of the
apertures. The socket may be an RJ45 connector. The maximum output current of the
secondary windings may be one of 1A and 5A.

In the case of a single phase current transformer, the protection circuitry may
comprise a first diode connected across the secondary winding and a second diode
connected in parallel with the first diode across the secondary winding, the first and
second diodes being connected across the secondary winding in opposite directions.
Additionally, or in the alternative, the protection circuitry may comprise a Transil diode
connected across the secondary winding.

In the case of a three phase current transformer, the protection circuitry may
comprise a first set of diodes connected across a first of the three secondary windings, a
second set of diodes connected across a second of the three secondary windings, and a
third set of diodes connected across a third of the three secondary windings. Each set of
diodes may comprise a first diode connected across a respective secondary winding and
a second diode connected across the respective secondary winding in parallel with the
first diode, the first and second diodes being connected across the secondary winding in
opposite directions. Each set of diodes may comprise a Transil diode connected across
a respective secondary winding. It will be appreciated that some degree of protection
would be provided by using either the first and second opposed diodes or the Transil
diode, but preferably both the first and second opposed diodes and the Transil diode are
present.

Viewed from another aspect, there is provided a measurement device having
shunt circuitry which when connected across the secondary windings, of a current
transformer having protection circuitry as described above, via the connector socket is

operable to generate a respective voltage signal for each secondary winding, and
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operable to estimate the amount of current carried by the primary cable or busbar in
dependence on the received voltage signals.

Viewed from another aspect, there is provided a system for measuring electric
current in a primary cable or busbar, comprising a current transformer having protection
circuitry as described above, and a measurement device having shunt circuitry.

It will be appreciated that the use of diodes connected across the secondary
windings results in a current signal being output at the connector socket. A current
(rather than voltage) signal may be advantageous in alleviating possible pickup
problems due to frequencies and general noise which may be present within the
industrial environment within which current transformers may be installed.

Brief Description of the Drawings

The above, and other objects, features and advantages of this invention will be
apparent from the following detailed description of illustrative embodiments which is to
be read in connection with the accompanying drawings, in which:

Figures 1A and 1B schematically illustrate a known current transformer;

Figures 2A and 2B schematically illustrate a current transformer according to an
embodiment of the invention;

Figure 3 presents another view of the current transformer of Figures 2A and 2B;

Figure 4 schematically illustrates shunt circuitry according to an embodiment of
the present invention;

Figure 5 schematically illustrates a current measurement system according to an
embodiment of the present invention;

Figure 6 schematically illustrates protection circuitry according to an alternative
embodiment of the present invention; and

Figure 7 schematically illustrates a single phase of protection circuitry of the
alternative embodiment coupled to an integral shunt of a multi-function meter.

Description of the Example Embodiments

Figure 2A is an external schematic view of a current transformer 100 according
to one embodiment. The current transformer comprises a casing 105 having three
apertures 110a, 110b and 110c, each of which is able to receive a cable or busbar. More
specifically, a cable or busbar received through each of the apertures 110a, 110b, 110c
is intended to correspond to a respective phase of a three phase power supply. It will be
appreciated that each cable is able to pass completely through the current transformer

casing 105, emerging to continue on to its destination. Notably, in comparison with
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Figure 1A (prior art), the current transformer 100 of Figure 2A lacks terminals for
connecting the current transformer 100 to an external measurement device. Instead, the
current transformer 100 of Figure 2A comprises a connector socket 120, in the present
case an RJ45 socket. An RJ45 plug (not shown) of a data cable can be inserted into the
RJ45 socket of the current transformer 100 to connect the current transformer 100 to an
external measurement device.

Figure 2B is an internal cross-section of the three phase current transformer 100
of Figure 2A. Visible are three magnetic cores 130a, 130b, 130c which each surround a
respective one of the apertures 110a, 110b, 110c. It will be appreciated that this
arrangement puts each of the magnetic cores in proximity to a primary cable or busbar
passing through one of the apertures 110a, 110b, 110c and carrying a particular phase of
an electric power supply. Each of the magnetic cores 130a, 130b, 130c is provided with
a secondary winding 140a, 140b, 140c wrapped around at least a portion of the
respective magnetic core 130a, 130b, 130c. With this configuration, an electric current
passing through the primary cable or busbar within one of the apertures 110a, 110b,
110c will produce a magnetic field in the respective magnetic core 130a, 130b, 130c
which in turn induces a much smaller current in the respective secondary winding 140a,
140b, 140c. The ends of the secondary windings are connected to a circuit board 150,
which comprises shunt circuitry 152 which forms resistive connections across the ends
of the secondary windings. The voltage drop across the resistive connection of a given
secondary winding provides a voltage signal related to and indicative of the amount of
current being driven through that secondary winding. In addition, the resistive
connection provides a permanent load which avoids open-circuit safety problems.

The connector socket 120 is mounted on the circuit board 150 and is electrically
connected to the shunt circuitry 152 to receive the voltage signals related to each of the
secondary windings. In this way, the voltage signals can be safely and conveniently
output to a measurement device external to the current transformer 100.

In Figure 3, a disassembled view of the current transformer 100 of Figures 2A
and 2B is schematically illustrated. The same elements of Figures 2A and 2B are
identified in Figure 3 using the same reference numerals. As can be seen, the casing
105 is provided in two halves, which can be closed around the internal components of
the current transformer 100 to enclose all elements except for an exposed portion of the
connector socket 120 (to permit a plug to be inserted). Each half of the casing 100

comprises the three apertures 110a, 110b, 110c which are in line with corresponding
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apertures in the ring-shaped magnetic cores 130a, 130b, 130c. For clarity only the
magnetic core 130a is identified in Figure 3. At the top portion of the magnetic core
130a the secondary winding 140a can be seen, with ends of the windings being
connected to the back of the circuit board 150 located above the magnetic cores 130a,
130b, 130c. A similar configuration is provided for the secondary windings 140b and
140¢ corresponding to the magnetic cores 130b and 130c. Circuit elements of the shunt
circuitry 152 can be seen mounted to the top surface of the circuit board 150. Also
mounted to the top surface of the circuit board 150 is the connector socket 120. An
aperture 125 is provided in one half of the casing 105 to expose a portion of the
connector 120 to the external of the current transformer 100.

Figure 4 schematically illustrates the shunt circuitry 152 according to an
embodiment of the invention. Visible at the bottom of Figure 4 are the top portions of
each of the magnetic cores, bearing the windings 140a, 140b and 140c. The winding
140a has ends 142a and 142b which are connected to the shunt circuitry 152. The
winding 140b has ends 144a and 144b which are connected to the shunt circuitry 152.
The winding 140c has ends 146a and 146b which are commected to the shunt circuitry
152. Visible at the top of Figure 4 is the connector socket 120, mounted to the circuit
board 150. The connector socket 120 is connected to various points of the shunt
circuitry 152.

The shunt circuitry 152 can be considered to comprise three (related) portions.
A first portion comprises a first group of resistors 162a, 162b and 162¢ which are
connected in parallel across the ends 142a and 142b of the winding 140a. This group of
resistors forms a load across the secondary winding 140a. The side of the load
connected to the winding end 142b is connected to ground terminal T, of the connector
socket 120. The other side of the load, connected to the winding end 142a is connected
to a first voltage signal terminal T,. The potential difference between T; and T,
corresponding to a voltage drop over the load provided by the group of resistors 162a,
162b and 162c¢, provides a voltage signal indicative of the amount of current being
driven through the secondary winding 140a, and thus the amount of current being
driven through the corresponding primary cable or busbar.

Similarly, a second portion of the shunt circuitry 152 comprises a second group
of resistors 164a, 164b and 164c which are connected in parallel across the ends 144a
and 144b of the winding 140b. This group of resistors forms a load across the
secondary winding 140b. The side of the load connected to the winding end 144b is
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connected to ground terminal T, of the connector socket 120. The other side of the
load, connected to the winding end 144a is connected to a second voltage signal
terminal T,. The potential difference between T, and T, corresponding to a voltage
drop over the load provided by the group of resistors 164a, 164b and 164c, provides a
voltage signal indicative of the amount of current being driven through the secondary
winding 140b, and thus the amount of current being driven through the corresponding
primary cable or busbar.

Similarly, a third portion of the shunt circuitry 152 comprises a third group of
resistors 166a, 166b and 166¢ which are connected in parallel across the ends 146a and
146b of the winding 140c. This group of resistors forms a load across the secondary
winding 140c. The side of the load connected to the winding end 146b is connected to
ground terminal T, of the connector socket 120. The other side of the load, connected
to the winding end 146a is connected to a third voltage signal terminal T3. The
potential difference between T; and T, corresponding to a voltage drop over the load
provided by the group of resistors 166a, 166b and 166¢, provides a voltage signal
indicative of the amount of current being driven through the secondary winding 140c,
and thus the amount of current being driven through the corresponding primary cable or
busbar.

The connector socket 120 therefore provides voltage signals derived from
secondary windings 140a, 140b and 140c at terminals Ty, T, and T respectively, as
well as providing a grounded terminal T,, for connection and output to a measurement
device. The voltage signals will vary with respect to time in proportion to the amount
of current being driven through the respective secondary windings, which in turn varies
in proportion to the amount of current being driven through the respective primary cable
or busbar. The voltage signals can therefore be used to infer the amount of current
passing through the primary cable or busbar, based on a predictable current ratio
between the primary cable and the secondary winding, and based on a predictable
relationship between the current applied to the loads of the shunt circuitry and the
voltage drop across those loads.

In Figure 4, the three groups of resistors are connected together to a common
ground. It will be appreciated that this may not be necessary for some applications.
Furthermore, in Figure 4, groups of resistors are used together in parallel. It would be
appreciated that instead of this, a single resistor could be used as a load for each

secondary winding.
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For a single phase current transformer, only a single group, or a single resistor,
will be required to form a load for the one secondary winding required for a single
phase current transformer. For example, to adapt the circuit diagram of Figure 4 to a
single phase design, the windings 140b and 140c would be dispensed with, as well as
the resistors 164a, b, ¢ and 166a, b, c.

Figure 5 schematically illustrates a current measurement system according to an
embodiment of the present invention. The current measurement system comprises a
current transformer as described above in relation to Figures 2, 3 and 4, as well as a
measurement device 200. As described previously, the current transformer comprises a
connector socket 120 mounted in the housing 100. This permits a data cable 300 to be
used to connect the current transformer to the measurement device 100. The data cable
300 comprises a first plug 310a for insertion into the connector socket 120 of the
current transformer. The data cable 300 also comprises a second plug 310b for
insertion into a connector socket 220 of the measurement device 200. The measurement
device 200 comprises a display 230 for displaying voltage and current measurements
relating to the current transformer and the primary cable to which the current
transformer is being applied. The measurement device 200 also comprises a user
interface 240 (for example buttons and/or switches) permitting the user to interact with
the measurement device. It will be appreciated that the measurement device 200 is
exemplary, and other types of devices, such as general purpose computers, could be
used if provided with appropriate interface circuitry for receiving the voltage signal via
the data cable 300.

Figure 6 schematically illustrates shunt circuitry according to an alternative
embodiment. In this embodiment, shunt circuitry is not provided within the current
transformer itself. Instead, external shunt circuitry is used to measure the current
through the secondary winding (and by inference the primary cable or busbar). It will
therefore be appreciated that this type of current transformer is intended to support a
current output signal at the connector socket. Without shunt circuitry being provided
internally of the current transformer, the open-circuit safety concerns referred to above
become an issue. To alleviate this, protection circuitry is provided in the place of the
shunt circuitry. The purpose of the protection circuitry is to clamp the accessible
voltage at the connector socket imposed by the secondary circuit (when it is not loaded

with an external shunt) to an acceptable level.
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Visible at the bottom of Figure 6 are the top portions of each of the magnetic
cores, bearing the windings 240a, 240b and 240c. The winding 240a has ends 242a and
242b which are connected to the protection circuitry on a circuit board 250 (analogous
to the circuit board 150 of Figure 4). The winding 240b has ends 244a and 244b which
are connected to the protection circuitry on the circuit board 250. The winding 240c has
ends 246a and 246b which are connected to the protection circuitry on the circuit board
250. Visible at the top of Figure 4 is a connector socket 220, mounted to the circuit
board 250, and connected to the protection circuitry and both ends of the secondary
windings.

The protection circuitry on the circuit board 250 can be considered to comprise
three portions. A first portion comprises a first group of diodes 262a, 262b and 262c
which are connected in parallel across the ends 242a and 242b of the winding 240a.
This group of diodes serves as a voltage clamp across the secondary winding 240a when
no external shunt (of for example a current measuring circuit) is connected across the
secondary winding 240a. Each side of the voltage clamp (and thus each end of the
secondary winding 240a) is connected to a terminal U; of the connector socket 220.
When a current measuring device is connected across the terminals Uy, then the current
running through the secondary winding 240a can be measured, and the voltage clamp
will have no effect. The measured current through the secondary winding 240a is in
turn indicative of the amount of current being driven through the corresponding primary
cable or busbar.

Similarly, a second portion of the protection circuitry on the circuit board 250
comprises a second group of diodes 264a, 264b and 264¢ which are connected in
parallel across the ends 244a and 244b of the winding 240b. This group of diodes
serves as a voltage clamp across the secondary winding 240b when no external shunt is
connected across the secondary winding 240b. Each side of the voltage clamp (and thus
each end of the secondary winding 240b) is connected to a terminal U, of the connector
socket 220. When a current measuring device is connected across the terminals U,,
then the current running through the secondary winding 240b can be measured, and the
voltage clamp will have no effect. The measured current through the secondary
winding 240b is in turn indicative of the amount of current being driven through the
corresponding primary cable or busbar.

Similarly, a third portion of the shunt circuitry on the circuit board 250

comprises a second group of diodes 266a, 266b and 266c which are connected in
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parallel across the ends 246a and 246b of the winding 240c. This group of diodes
serves as a voltage clamp across the secondary winding 240c when no current
measuring circuit is connected across the secondary winding 240c. Each side of the
voltage clamp (and thus each end of the secondary winding 240c) is connected to a
terminal Us of the connector socket 220. When a current measuring device is connected
across the terminals Us, then the current running through the secondary winding 240c
can be measured, and the voltage clamp will have no effect. The measured current
through the secondary winding 240c is in turn indicative of the amount of current being
driven through the corresponding primary cable or busbar.

The connector socket 220 therefore permits current signals derived from
secondary windings 240a, 240b and 240c at terminal groups U, U, and U; respectively,
to be drawn through a measurement device. The current signals represent the amount of
current being driven through the respective secondary windings, which in turn varies in
proportion to the amount of current being driven through the respective primary cable
or busbar. The current signals can therefore be used to infer the amount of current
passing through the primary cable or busbar, based on a predictable current ratio
between the primary cable and the secondary winding.

For a single phase current transformer, only a single group of diodes will be
required to act as a voltage clamp for the one secondary winding required for a single
phase current transformer. For example, to adapt the circuit diagram of Figure 6 to a
single phase design, the windings 240b and 240c would be dispensed with, as well as
the corresponding groups of diodes.

The operation of the voltage clamp circuitry will now be explained with respect
to Figure 7, which schematically illustrates the circuitry associated with a single phase.
This could represent the only phase of a single phase current transformer, or one of the
phases of a three phase current transformer.

Shown in Figure 7 is a secondary circuit 610 comprising a secondary winding
612, a first diode 614 connected across the secondary winding 612 in a first direction, a
second diode 616 connected across the secondary winding 612 in a secondary direction
opposite to the first direction, and a Transil diode 618. Also shown in Figure 6 is the
integral shunt resistor 622 of a current measurement circuit 620 which is connected to
the secondary circuit 610 of the current transformer. The current measurement circuit
620 may be part of a multi-function meter. The current measurement circuit 620

monitors the voltage drop across the integral shunt resistor 622, which is connected
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across the secondary winding 612 when the multi-function meter is plugged into the
current transformer via the socket. As the current flowing through the integral shunt
resistor 622 increases, so does the voltage drop across it. In this way, the current signal
generated as an output from the secondary circuit 610 of the current transformer is
converted into a voltage signal at the current measurement circuit 620 and handled
within the multi-function meter. In particular, the microprocessor of the multi-meter
may be provided with circuitry which measures the voltage drop across the integral
shunt resistor 622 and converts the read value into a digital value which the
microprocessor can understand, process and display. The voltage drop across the
integral shunt resistor 622 may be of order 100mV.

When in normal use as described above, the voltage drop seen by the diodes 614
and 616 will be well below the forward voltage required for the diodes to conduct, and
therefore the diodes will not affect the signal. The voltage drop seen by the diodes 614,
616 in normal use may be for example around 100mV across the shunt resistor plus a
negligible voltage drop of the cable connecting the current transformer to the multi-
meter. This is lower than the 0.6V typical forward voltage for a diode.

When the measurement circuit 620 is disconnected from the secondary circuit
610 while current is running through the primary cable or busbar, then the voltage seen
by the diodes will begin to rise to approximately 0.6V (for example), at which point the
diode forward voltage of the diodes 614, 616 will be exceeded and the diodes 614, 616
will begin to conduct. This serves to clip the output waveform and clamp the voltage
accessible at the connector socket of the current transformer to a safe level. The
secondary current will be flowing through the diodes 614, 616 with approximately a
0.6V voltage drop when the current transformer is in an unplugged (open circuit) state
with current running through the primary cable or busbar. It will be appreciated that the
diode 614 serves to limit the current flowing in one direction through the secondary
circuit 610 while the diode 616 serves to limit the current flowing in the other direction
through the secondary circuit 612.

The diode 618 is a Transil diode, which is fitted as a secondary method of
protection in case the diodes 614, 616 fail for any reason. If this happens then the
Transil diode would serve to limit the accessible voltage at the output socket of the
current transformer to the chosen Transil diode level.

Tt will be appreciated that in the case of the shunt circuitry of Figure 4, an

integral shunt is not required in the measurement device 200, since the output from the
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shunt circuitry is a voltage signal which can be directly read and handled by a
microprocessor of the measurement device 200. In contrast, in the case of the
protection circuitry of Figures 6 and 7, a shunt will be required in the measurement
device connecting to the current transformer, since the output from the shunt circuitry of
the current transformer is a current signal which needs to be converted into a voltage
signal which can be read and handled by the microprocessor of the measurement device
200.

The first described embodiment uses internal shunt circuitry to output a voltage
signal at the connector socket of the current transformer. Safety results in part from the
fact that a shunt is present across the secondary winding(s) at all times. The alternative
embodiment does not use internal shunt circuitry, thus effectively outputting current
signals. Safety in this case results from the protection circuitry, which forms a voltage
clamp which would clamp the accessible voltage in the event that an external shunt is
not connected (via the connector socket) to the secondary windings while current is
running through the primary cable or busbar. It should be understood that the first and
second embodiments can be combined, to result in a current transformer having both
internal shunt circuitry (resistive shunt) resulting in a voltage output, and protection
circuitry (for example coupled in parallel with the internal shunt circuitry across the
secondary winding(s)) which would act as a back-up form of protection should the
shunt circuitry (e.g. a resistor) fail.

Although illustrative embodiments of the invention have been described in detail
herein with reference to the accompanying drawings, it is to be understood that the
invention is not limited to those precise embodiments, and that various changes and
modifications can be effected therein by one skilled in the art without departing from

the scope and spirit of the invention as defined by the appended claims.
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CLAIMS

1. A current transformer, comprising:

a housing having one or more apertures, each for receiving a primary cable or
busbar;

one or more magnetic cores enclosed within the housing and being positioned
proximate to respective ones of the apertures so that a magnetic field is produced in a
magnetic core when a primary current flows through a primary cable or busbar received
through the respective aperture;

one or more secondary windings enclosed within the housing, each secondary
winding being wrapped around at least a portion of a respective magnetic core so that a
secondary current is induced in a secondary winding when a magnetic field is produced
in the respective magnetic core;

shunt circuitry enclosed within the housing and being connected across the

secondary windings to generate a respective voltage signal for each secondary winding;

and

a connector socket integrally mounted to the housing for outputting the voltage
signals.
2. A current transformer according to claim 1, wherein the current transformer is a

single phase current transformer having one aperture, one magnetic core and one

secondary winding.

3. A current transformer according to claim 1, wherein the current transformer is a
three phase current transformer having three apertures each for receiving a cable or
busbar of a respective phase of a three phase power supply, three respective magnetic
cores, and three respective secondary windings, and wherein the shunt circuitry

generates a respective voltage signal for each of the three phases of the power supply.

4. A current transformer according to any preceding claim, wherein the shunt
circuitry and the comnector socket are mounted to a circuit board located within the

housing.
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5. A current transformer according to any preceding claim, wherein each magnetic

core substantially surrounds the respective aperture.

6. A current transformer according to claim 1, further comprising one or more

busbars fixed within respective ones of the apertures.

7. A current transformer according to claim 2, wherein the shunt circuitry
comprises a resistor connected across the secondary winding, the voltage drop across

the resistor providing a voltage signal for output at the connector socket.

8. A current transformer according to claim 2, wherein the shunt circuitry
comprises a group of resistors connected in parallel across the secondary winding, the
voltage drop across the group of resistors providing a voltage signal for output at the

connector socket.

9. A current transformer according to claim 3, wherein the shunt circuitry
comprises a first shunt resistor connected across a first of the three secondary windings,
a second shunt resistor connected across a second of the three secondary windings, and

a third shunt resistor connected across a third of the three secondary windings.

10. A current transformer according to claim 9, wherein the first, second and third
shunt resistors are connected together at one end at a common ground, the voltage drop
between the common ground and the other end of each of the first, second and third

shunt resistors providing voltage signals for the respective phases.

11. A current transformer according to claim 3, wherein the shunt circuitry
comprises a first shunt resistor group connected in parallel across a first of the three
secondary windings, a second shunt resistor group connected in parallel across a second
of the three secondary windings, and a third shunt resistor group connected in parallel

across a third of the three secondary windings.

12. A current transformer according to claim 11, wherein the first, second and third

shunt resistor groups are connected together at one end at a common ground, the
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voltage drop between the common ground and the other end of each of the first, second

and third shunt resistor groups providing voltage signals for the respective phases.

13. A current transformer according to any preceding claim, wherein the socket is

an RJ45 connector.

14. A current transformer according to any preceding claim, wherein the maximum

output current of the secondary windings is one of 1A and 5A.

15. A current transformer according to any preceding claim, wherein the maximum

output voltage of the shunt circuitry is 333 mV.

16. A measurement device operable to receive the one or more voltage signals
output from the current transformer of any preceding claim, and to estimate the amount
of current carried by the primary cable or busbar in dependence on the received voltage

signals.

17. A system for measuring electric current in a primary cable or busbar,
comprising:

a current transformer according to any one of claims 1 to 15; and

a measurement device for receiving the one or more voltage signals output from
the current transformer and estimating the amount of current carried by the primary

cable or busbar in dependence on the received voltage signals.

18. A current transformer according to any one of claims 1 to 15, further comprising
protection circuitry enclosed within the housing and being connected across the
secondary windings to limit the accessible voltage at the connector socket imposed by

the secondary windings.

19. A current transformer according to claim 18, wherein the protection circuitry
comprises a first diode connected across the secondary winding and a second diode
connected in parallel with the first diode across the secondary winding, the first and

second diodes being connected across the secondary winding in opposite directions.
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20. A current transformer according to claim 18 or claim 19, wherein the protection

circuitry comprises a Transil diode connected across the secondary winding.

21. A current transformer, comprising:

a housing having one or more apertures, each for receiving a primary cable or
busbar;

one or more magnetic cores enclosed within the housing and being positioned
proximate to respective ones of the apertures so that a magnetic field is produced in a
magnetic core when a primary current flows through a primary cable or busbar received
through the respective aperture;

one or more secondary windings enclosed within the housing, each secondary
winding being wrapped around at least a portion of a respective magnetic core so that a
secondary current is induced in a secondary winding when a magnetic field is produced
in the respective magnetic core;

a connector socket integrally mounted to the housing for outputting the current
generated by the secondary windings; and

protection circuitry enclosed within the housing and being connected across the
secondary windings to limit the accessible voltage at the connector socket imposed by

the secondary windings.

22. A current transformer according to claim 21, wherein the current transformer is
a single phase current transformer having one aperture, one magnetic core and one

secondary winding.

23. A current transformer according to claim 21, wherein the current transformer is
a three phase current transformer having three apertures each for receiving a cable or
busbar of a respective phase of a three phase power supply, three respective magnetic

cores, and three respective secondary windings.

24. A current transformer according to any one of claims 21 to 23, wherein the
protection circuitry and the comnnector socket are mounted to a circuit board located

within the housing.
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25. A current transformer according to any one of claims 21 to 24, wherein each

magnetic core substantially surrounds the respective aperture.

26. A current transformer according to claim 21, further comprising one or more

busbars fixed within respective ones of the apertures.

27. A current transformer according to any one of claims 21 to 26, wherein the

socket is an RJ45 connector.

28. A current transformer according to any one of claims 21 to 27, wherein the

maximum output current of the secondary windings is one of 1A and 5A.

29. A current transformer according to claim 22, wherein the protection circuitry
comprises a first diode connected across the secondary winding and a second diode
connected in parallel with the first diode across the secondary winding, the first and

second diodes being connected across the secondary winding in opposite directions.

30. A current transformer according to claim 22 or claim 29, wherein the protection

circuitry comprises a Transil diode connected across the secondary winding.

31. A current transformer according to claim 23, wherein the protection circuitry
comprises a first set of diodes connected across a first of the three secondary windings,
a second set of diodes connected across a second of the three secondary windings, and a

third set of diodes connected across a third of the three secondary windings.

32. A current transformer according to claim 31, wherein each set of diodes
comprises a first diode connected across a respective secondary winding and a second
diode connected across the respective secondary winding in parallel with the first diode,
the first and second diodes being connected across the secondary winding in opposite

directions.

33. A current transformer according to claim 31 or 32, wherein each set of diodes

comprises a Transil diode connected across a respective secondary winding.
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34, A measurement device having shunt circuitry which when connected across the
secondary windings of a current transformer according to any one of claims 21 to 33 via
the connector socket is operable to generate a respective voltage signal for each
secondary winding, and operable to estimate the amount of current carried by the

primary cable or busbar in dependence on the received voltage signals.

35. A system for measuring electric cuirent in a primary cable or busbar,
comprising:
a current transformer according to any one of claims 21 to 33; and

a measurement device according to claim 34.

36. A current transformer substantially as hereinbefore described with reference to

the accompanying drawings.

37. A measurement device substantially as hereinbefore described with reference to

the accompanying drawings.

38. A system for measuring electric current in a primary cable or busbar

substantially as hereinbefore described with reference to the accompanying drawings.
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