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(57) Abstract: Disclosed is an electrical protection device, control circuit and electrical system. In one aspect, the control circuit in -
cludes: at least two input terminals including a first and second terminal for electrically connecting with an active and neutral termin -
al of the supply; at least two output terminals for electrically connecting with an active and neutral terminal of the load; a sensor line
for electrical connection to a reference which should be electrically isolated from the active terminal and in some circumstances the
neutral terminal of the supply; at least one fault relay operable in a first mode such that the input and output terminals are electrically
connected, and a second mode where the input and output terminals are electrically isolated; and a detector for actuating the at least
one fault relay in response to sensing a current flowing through the sensor line which meets or exceeds a threshold current.
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ELECTRICAL PROTECTION DEVICE, SYSTEM AND CONTROL CIRCUIT

- Cross-Reference to Related Application

This application claims priority from Australian provisional patent application
2012901988, filed 16 May 2012, the entire contents of which is hereby incorporated by

reference.

Field of Invention

The present invention relates to an electrical protection device, system and control circuit.

Background
Any discussion of the background art throughout the specification should in no way be
considered as an admission that such art is widely known or forms part of common general

knowledge in the field.

It is known to provide protection to electrical loads used in a multiple earth neutral (MEN)
(also known as a "TN/TT network’) electrical distribution system (EDS) on the one hand,
and in a floating EDS (also known as an.'IT network’) on the other. One common form of
such protection is a residual current device (RCD) that most typically monitors the
differential in the current between the active and neutral to selectively isolate the load. To
operate effectively, there is a need for a reliable and effective earth connection. In an MEN
EDS (TN/TT network) it is possible to often have a good earth connection for a given
electrical load. However, there are many instances where the earth connection is
compromised, lost, or simply not available. A floating earth EDS (IT network) does not

include an earth connection and, as such, does not allow proper operation of the RCD.
Notwithstanding the operational limitations. of RCD, it is often mandatory to have such
devices installed in an EDS. This not only exposes personnel to danger, it also provides a

false sense of security to those personnel.

Summary
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In a first aspect there is provided a control circuit for an electrical protection device
including: '

at least two input terminals including a first terminal for electrically connecting
with an active terminal of a supply and a second terminal for electrically connecting with a -
neutral terminal of the supply;

at least two output terminals including a first output terminal for electrically
connecting with a load active terminal of an electrical load and a second output terminal
for electrically connecting with a neutral terminal of the load;

a sensor line for electrical connection to a reference which should be electrically
isolated from the active and neutral terminals of the supply; |

at least one fault relay operable in a first mode and a second mode, wherein in the
first mode the input and output terminals are electrically connected for allowing the load to
receive electrical supply via the at least one fault relay, and in the second mode the input
and output terminals .are electrically isolated thereby preventing electrical supply being
provided to the load; and '

a detector for actuating the at least one fault relay in response to sensing a current

flowing through the sensor line which meets or exceeds a threshold current.

In certain embodiments, when the at least one fault relay operates in the second mode, the

at least one fault relay connects the sensor line with the neutral terminal of the supply.

In certain embodiments, the control circuit includes a mode switch to selectively configure
the control circuit to connect the sensor line with the neutral terminal of the supply when

the at least one fault relay operates in the second mode.
In certain embodiments, the detector is a trip relay which operates in an energized mode in
response to the current flowing through the sensor line meets or exceeds the threshold

current.

In certain embodiments, the trip relay is a low voltage trip relay.
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In certain embodiments, in response to the at least one fault relay progressing to the second
mode, the trip relay progresses to a de-energized mode whilst the at least one fault relay is

maintained in the second mode.

In certain embodiments, the control circuit includes a test switch which upon user

actuation causes current to flow through the sensor line which is sufficient for the detector

" to actuate the at least one fault relay to operate in the second mode.

In certain embodiments, the control circuit includes a reset switch arrangement including a
reset switch and a reset relay, wherein upon user actuation of the reset switch, the reset
relay progresses from an initial state to a reset state to cause the at least one fault relay to

operate in the first mode.

In certain embodiments, upon the at least one fault relay progressing back to the first mode
in response to the user action of the reset switch, the reset relay progresses from the reset

state to the initial state.

- In certain embodiments, the control circuit includes a first fault relay and a second fault |

relay, wherein in response to the trip relay progressing to the energized mode, the first fault
relay isolates the first mput terminal from the first output terminal and the second fault

relay isolates the second input terminal from the second output terminal.

In certain embodiments, the first and second fault relay operate substantially

simultaneously in response to the trip relay operating in the energized mode.

In certain embodiments, the control circuit includéé a single fault relay including a first and
second contact which electrically connect the respective input and output terminals in the
first state, wherein in response to the trip relay progressing to the energized mode, the first
and second contacts move such that the single fault reiay operates in the second mode

where the input and output terminals are isolated from each other.

1
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In a second aspect there is provided an electrical protection system including:

a residual current device (RCD) connected to an active terminal and a neutral
terminal of a supply, wherein the RCD includes an active output terminal and a neutral
output terminal; and

an electrical protection device including a control circuit electrically connected to
the RCD, wherein the control circuit includes:

at least two input terminals including a first terminal for electrically
connecting with the active output terminal of the RCD and a second terminal for
electricall): connecting with the neutral output terminal of the RCD;

at least two output terminals including a first output terminal for electrically
connecting with a load active terminal of an electrical load én_d a second output
terminal for electrically connecting with a load neutral terminal;

_ a sensor line for electrical connection to a reference which should be

electrically isolated from the active terminal of the supply;

at least one fault relay operable in a first mode and a second mode, wherein in the

~ first mode the input and output terminals are electrically connected for allowing the load to

receive electrical supply via the at least one fault relay, and in the second mode the input
and output _terminals are electrical]yA isolated, and the sensor line is connected with the
neutral output terminal of the RCD, wherein in response to the sensor line being connected
to the neutral output terminal of the RCD, the RCD senses a fault condition and
disconnects the active and neutral terminals of the supply from the active and neutral
output terminals of the RCD; and

a detector for actuating the at least one fault relay in response to sensing a current

flowing through the sensor line which meets or exceeds a threshold current.
In certain embodiments, the detector is a trip relay which operates in an energized mode in
response to the current flowing through the sensor line meeting or exceeding the threshold

current,

In certain embodiments, the trip relay is a low voltage trip relay.



WO 2013/170301 PCT/AU2013/000504

10

15

20

25

30

-5-

In certain embodiments, in response to the at least one fault relay prbgressing to the second
mode, the trip relay progresses to an de-energized mode whilst the at least one fault relay is

maintained in the second mode.

In certain embodiments, the control circuit includes a test switch which upon user
actuation causes current to flow through the sensor line which is sufficient for the detector

to actuate the at least one fault relay to operate in the second mode.

In certain embodiments, the control circuit includes a reset switch arrangement including a
reset switch and a reset relay, wherein upon user actuation of the reset switch, the reset
relay progresses from an initial state to a reset state to cause the at least one fault relay to

operate in the first mode.

In certain embodiments, upon the at least one fault relay progressing back to the first mode
in response to the user action of the reset switch, the reset relay progresses from the reset

state to the initial state.

In certain embodiments, the control circuit includes a first fault relay and a second fault
relay, wherein in response to the trip relay progressing to the energized mode, the first fault
relay isolates the first input terminal from the first output terminal and the second fault

relay isolates the second input terminal from the second output terminal.

In certain embodiments, the first. and second fault relay operate substantially

simultaneously in response to the trip relay operating in the energized mode.

In certain embodiments, the control circuit includes a single fault relay including a first and
second contact which electrically connect the respective input and output terminals in the
first state, wherein in response to the trip relay progressing to the energized state, the first
and second contacts move such that the single fault relay operates in the second mode

where the input and output terminals are isolates from each other.
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In a third aspect there is provided an electrical protection device including;:
a housing; and
a control circuit according to the first aspect, wherein the housing at least partially

houses the control circuit.

In certain embodiments, the control circuit includes a first electrical plug and a second -
electrical plug which extend from the housing, wherein the first electrical plug is for
electrically connecting the supply active and neutral terminals to the input terminals of the
control circuit and the second electrical plug is for electrically connecting the load active

and neutral terminals with the output terminals of the control circuit.

In certain embodiments, the second electrical plug includes a connector which is the sensor

line for connecting with an earth pin of the load.

Further aspects and embodiments will be appreciated throughout the detailed description.
Brief Description of the Figures ‘

One or more preferred embodiments of the invention will now be described, by way of

example only, with reference to the accompanying drawing in which:

Figure 1A is a schematic of an example of a control circuit of the electrical protection

device operating in a non-isolated mode;
Figure 1B is a schematic of the control circuit of Figure 1A operating in an isolated mode;

Figure 2A is a schematic of another example of a control circuit of the electrical protection

device operating in the non-isolated mode;

Figure 2B is a schematic of the control circuit of Figure 2A operating in the isolated mode;
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/
Figure 3 is a schematic of an electrical protection system including an example of an

N

electrical protection device;

Figure 4A is a schematic of another example of a control circuit of an electrical protection

device operating in the non-isolated mode;
Figure 4B is a schematic of the control circuit of Figure 4A operating in the isolated mode;

Figure 5A is a schematic of another example of a control circuit of an electrical protection

device operating in the non-isolated mode;

Figure 5B is a schematic of the control circuit of Figure SA operating in the isolated mode;

and
Figure 6 is a front view of an example of the electrical protection device.

Description of Embodiments

Referring to Figurés 1A and 1B there is shown a first example of a control circuit 100 of

the electrical protection device 10 (see Figure 3). The control circuit 100 includes at least

two input terminals 102, 104 for connecting with terminals 190, 192 of an electrical supply
191. The connection between the input terminals 102, 104 of the control circuit 100 and
the terminals 190, 192 of the electrical supply 191 may be direct (as shown in Figures 1A
and 1B), or indirect via an intermediary circuit, as will be discussed later in relation to

Figure 3.

The input terminals 102, 104 of the control circuit 100 include a first input terminal 102 for
electrically cdnnecting with an active terminal 190 of the supply 191 and a second terminal

104 for electrically connecting with a neutral terminal 192 of the supply 192.

The control circuit 100 also includes at least two output terminals 120, 122 including a first

output terminal 120 for electrically connecting with a load terminal 150 of an electrical
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load 154 and a second output terminal 152 for electrically connecting a neutral terminal

152 the load 154 with the neutral output terminal 122.

The control circuit 100 also includes a sensor line 106 for electrical connection to a
reference 200 which should be electrically isolated from the active conductor 190, and in

particular circumstancesthe neutral conductor 192,

The control circuit 100 also includes a detector 108, provided in the form of a trip relay
and preferably a low voltage trip relay such as a SVolt relay, which electrically actuates
one or more fault relays 110 (see Figures 2A and 2B in relation to multiple fault relays) in
response to sensing a current flowing through the sensor line 106 which meets or exceeds a

threshold current.

The one or more fault relays 110 progress from a first mode, as shown in Figure 1A, to a
second mode, a$ shown in Figure 1B, in response to electrical actuation by the trip ré]ay
10y8. In the first mode_:, the input and output terminals 102, 104, 120, 122 are electrically
connected for allo\wing the load 154 to receive electrical supply via the at least one fault
relay 110. In the second mode, the input and output terminals 102, 104, 120, 122 are
electrically isolated from each other by the at least one fault relay 110 such as to prevent
electrical supply to the load. In particular embodiments, each of the one or more fault

relays 110 may be provided as a 240 Volt relay.

In addition, when the at least one fault relay 110 progresses to the second mode, the sensor
line 106 is connected with the neutral terminal 192 of the supply 191. This can be
advantageous in situations as shown in Figure 3 where the control circuit 100 of the
electrical protection device 10 may be in electrical communication with a RCD 112 which
may not have tripped as a result of the electrical fault. Due to the at least one fault relay
110 causing the sensor line 106 to connect to the neutral terminal 192, an imbalance in
current flows through the active and neutral conductors which is sensed by the RCD 112,
thereby causing the RCD 112 to trip. Once the RCD trips, the output terminals of the RCD

112 provide no power to the input terminals 102, 104 of the control circuit 100. Due to no
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electrical power being provided to the‘ input teﬁninals 102, 104 of the control circuit 100,

“the at least one fault relay 110 de-energizes, thereby returning to the first mode. Once the

electrical fault has been corrected, the RCD 112 can be manually switched to a de-
energised position such that electrical powér 192 is once again supplied to thecontrol

circuit 100.

When the fault relay 110 operates in the first mode, the control circuit 100 and electronic
protection device 10 operate in a non-isolated mode, and when the fault relay 110 operates
in the second mode, the control circuit 100 and electronic protection device 10 operate in

an isolated mode.

The electronic protection device 10 can be used in both a MEN (TN/TT network) and non-
MEN electrical systems (IT network). Non-MEN electrical systems (IT network) such as
that which are provided via inverters and generators which do not include an earth
reference point. In the event that the electronic protection device is used in a non-MEN
system (IT network), the sensor line 106 may sense a current caused by either a floating

earth voltage or an active terminal voltage present at the reference.

In the event that the active conductor 190 comes into electrical contact with the reference
object 200 (i.e. an equipment fault, a person touching the active conductor with one hand
and the housing of the electrical protection device with the other hand), a current flows
through the sensor line 106 which can exceed the threshold current. This causes the current
flowing through the sensor line 106 to flow through resistor R1, diode D4, the coil 118 of
the trip relay 108 and diode D1 due to being electrically connected with the neutral output
terminal 122. Dué to the current in the sensor line 106 exceeding the current threshold, the
trip relay 108 energizes, resulting in the fault relay 110 energizing. When the fault relay
energizes sufficiently, contacts 124, 126 of the fault relay 110 move such that the active
and neutral terminals 190, 192 of the power source 191 are isolated from the load active
and neutral terminals 150, 152 thereby electrically disconnecting the load 154 from the
power source 191. As such, the reference object 200 which the sensor line 106 is

electrically connected with also is electrically disconnected from the power source 191.
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In the event that the neutral conductor 116 comes into electrical contact with the reference
object 200 (i.e. an equipment fault, a person touching the neutral conductor with one hand
and the housing 6f the electrical protection device with the other hand) which is provided
within a floating earth EDS and thus is likely not to be earth, a current flows through the
sensor line 106 which can exceed the threshold current. This causes the current flowing
through the sensor line 106 to flow through resistor R1, diode D4, the coil 118 of the trip
relay 108 and diode D2 due to being electrically connected with the active output terminal
120. In the event the current threshold is met or exceeded, the low voltage trip relay 108
closes, thereby causing the fault relay 108 to energize so that the contacts 124, 126 move,
thereby electrically disconnecting the load 154 from the power source 191. As such, the
reference object 200 which the sensor line 106 is electrically connected with also is

electrically disconnected from the power source 191.

Referring more specifically to Figure 1A which shows the fault relay 110 in the first mode,
a first contact 124 of the fault relay 110 is connected to the active input terminal 102 and
the active output terminal 120. In the first mode, a second contact 104 of the fault relay
110 is connected to the neutral input terminal 104 and the neutral output terminal 122.
When the fault relay 110 is electrically actuated by the trip relay' 108 to progress the fault

relay 110 to the second mode, the first contact 124 electrically disconnects from the active

output terminal 120 and electrically connects with the coil 160 of the fault relay 110 such

that the coil 160 of the fault relay 110 is electrically connected with the, active input
terminal 102. Additionally, upon the trip rélay_ 108 electrically actuating the fault relay
110, the second contact 126 of the fault relay 110 electrically disconnects from the neutral
output terminal 122. In certain embodiments suitable for MEN distribution systems, the
second contact 126 can electrically connect with the sensor line 106, thereby pulling the

sensor line 106 to neutral.

As shown in Figures 1A and 1B, the coil 160 of the fault relay 110 is in electrical

connection with the neutral input terminal 192 of the power supply 191 in both first and

-second modes. When the contact 109 of the trip relay 108 closes such that the coil 160 is in
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electrical connection with the active input terminal 102, a sufficient current flows through
the coil 160 of the fault relay 110, thereby causing the contacts 124, 126 of the fault relay
110 to move, isolating the active and neutral output terminals 120, 122 from the active and
neutral input terminals 102, 104 of the electrical pdwer supply 191. As the first contact 124
of the fault relay 110 electrically connects the active input terminal 102 with the coil 160
of the fault relay 110 in the second mode, a sufficient current continues to flow through the
coil 160 such that the fault relay 110 is maintained in the second mode whilst the electrical

power supply 191 is connected to the control circuit 100.

Once the active output terminal 120 has been disconnected from the active input terminal

102, current fails to flow through the sensor line 106. This thereby causes the trip relay 108

to de-energize such. that the contact 109 of the trip relay 108 re-opens. However, due to the

first contact 124 of the fault relay 110 connecting the coil 160 to the active input terminal

190 of the electrical power supply 191 in the second mode, the action of the trip relay 108

progressing back to the open state ‘does not alter the state of the fault relay 110 which is

maintained in the second mode. Advantageously, due to the fault relay 110 being
maintained in the second mode, the active load and neutral terminals 150, 152 of the load

are isolated from the electrical power supply 191.

As shown in Figures 1A and 1B, a single fault relay 110 can be used for isolating the load
154 from the power source 191 in the event of a detected fault condition. In one particular
conﬁgurétion the fault relay 110 may be an 8 Amp fault relay. However, for applications
which may experience higher current flows due to larger loads, more than one fault relay
may. be used in combination as shown in Figures 2A and 2B. In particular, a first fault
relay 128 includes a contact 132 which disconnects the active supply terminal 190 from the
active load terminé.l 150 in the event that the first fault relay 128 is electrically actuated by
the trip relay 108. A second fault relay 130 includes a contact 134 which disconnects the
neutral supply terminal 190 from the neutral load terminal 152 in the event that the second
fault relay 130 is electrically actuated by the trip relay 108. It will be appreciated that the
first and second fault relay 128, 130 operate substantially simultaneously. In one particular

configuration, the first and second fault relays 128,130 may be both 16 Amp fault relays
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such that the electronic protection device 10 is rated for 16 Amp appl‘icatio’ns. In an
additional configuration, the fault relay 110 of the embodiment discussed in relation to

Figures 1A and 1B may be provided in the form of a 30 Amp fault relay for larger loads.

Referring to Figures 1A and 1B there is shown a capacitor C1 which is connected in
parallel across the fault relay 110. The capacitor Cl is provided to prevent a racing

condition. For example, in the event that the fault condition has been sensed such that the

~ contacts 124, 126 of the fault relay 110 have closed, the capacitor C1 charges due to being

connected to the active and neutral input terminals 102, 104. Once electrical power 191 is
not provided to the input active and neutral terminals 102, 104, the capacitor C1 discharges
so that the contacts 124, 126 of the fault relay 124, 126 do not immediately switch back to
the first mode once the electrical powervsource 191 has been disconnected. An alternate
configuration is provided in Figures 2A, 2B, 4A, 4B, 5A and 5B where the capacitor C1 is
connected in parallel across the trip relay 108. When the fault relay 110 progresses to the
second mode thereby disconnecting electrical power to the trip relay 108, the capacitor C1
discharges ‘such that the progression of the trip relay 108 to a de-energized mode is delayed

until the capacitor C1 has dischaiged sufficiently.

Referring to Figure 4A and 4B, there is shown another embodiment of the control circuit
100 of the electrical protection device 10. A mimber of components are in common
between the control circuit 100 of Figures 4A and 4B compared to the embodiments shown
in Figures 1A and 1B. As such, similar components share the same reference. It will be

appreciated that similar functionality exists between the circuits 100 of these embodiments.

Referring more specifically to Figures 4A, 4B, SA and 5B the control circuit 100

additionaliy includes a test switch 138 and a reset switch 140.

The test switch 138 that can be actuated by a user to test whether the control circuit 100
operates correctly. User actuation of the test switch 138 causes the trip relay 108 to
energize which then causes the fault relay 110 to progress from the first mode to the

second mode, where the input and output terminals 102, 104, 120, 122 are electrically
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isolated from each other. Once the fault relay 110 progresses to the second mode due to
actuation of the test switch 138, the fault relay remains in the second mode until either the

electrical supply 191 is disconnected from circuit 100 or a reset switch 140 is actuated.

The reset switch 140 can be user actuated to cause the fault relay 110 to progress from the
seg,ond mode to the first mode. The reset switch 140 can be actuated in response to a user
having actuated the test switch 138 such that the faulf relay 110 progresses back from the
second mode to the first mode. Additionally, in the event that the fault relay 110 operates
in the second mode due to a sensed fault in the electrical system, the reset switch 140 may
be actuated in an attempi to return the fault relay 110 to the first mode when the electrical

system has been corrected.

Referring more specifically to Figures 4A and 4B, the test switch 138 includes a first
terminal 142 in electrical connection with the active output terminal 120 via a resistor R2.
A second terminal 144 of the test switch 138 is in electrical connection with the neutral
output teﬁninal 122. The test switch 138 has a first mode, where no electrical connection
exists between the terminals 142, 144, and a second mode where the test switch has been
actuated creating an electrical connection between terminals 142, 144. When the test

switch 138 has been actuated, é current will flow through the resistor R2, the diode ID5, the |
coil 118 of the trip relay and the diode D3 due to the actuated test switch 138 completing
an electrical connection between the active and neutral output terminals 120, 122. The
current that flows through the sensor line 106 meets or exceeds the current thresholds,
thereby causing the trip relay 108 to energize and operate in an energized mode by closing

the respective contact 109.

When the trip rélay 108 progresses to the energized mode, the closed contact 109 of the
trip relay 108 causes the active input terminal 102 to be in electrical connection with the
coil 160 of the fault relay .110. As the coil 160 of the fault relay 110 is alsd electrically
connected with the neutral input terminal 104, a sufficient current passes through the coil
160 of the fault relay 1 10 to cause the fault relay 110 to energize. When the fault relay 110

energizes, the first contact 124 disconnects the active input terminal 190 of the power
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supply 191 from the active output terminal 120 and connects the active input terminal 102
to coil 160 of the fault relay 110, thereby maintaining the fault relay 110 in the second
mode due to the coil 160 being energized by this electrical connection. Additionally, when
the fault relay 110 energizes, the second contact 126 disconnects the neutral input terminal
104 from the neutral output terminal 122 and connects the neutral input terminal 104 to the
sensor line 106 in the event that the device 10 is being operated in an MEN distribution
system. It will be appreciated that the first and second contacts 124, 126 move

substantially simultaneously.

Referring more specifically to Figure 4A and 4B, in the second mode, the active input
terminal 190 of the electrical supply 191 is electrically connected with the coil 160 of the
fault relay 110 via one or more contacts 164, 166 of a reset relay 162. In particular, as
shown in Figure 4A and 4B, the reset relay 162 includes two contacts 164, 166 which are
in a closed position and electrically connect the active input terminal 102 with the coil 160.
The contacts 164, 166 of the reset relay 162 remain in the closed position until the reset

switch 140 is actuated, as discussed in more detail below.

When the trip relay 108 progresses to the energized mode, the closed contact 109 of the
trip relay 108 also causes a first terminal 146 of the reset switch 140 to be electrically
connected with the active input terminal 102, and thus the active conductor of the power
supply 191. A second terminal 148 df the reset switch 140 is electrically connected to the |

neutral input terminal 104 via the coil 168 of the reset relay 162.

It will be appreciated that the test switch 138 can progress back to the first mode whilst the
fault relay 110 continues to operate in the second mode. The fault relay 110 will continue

to operate in the second mode until the power supply 191 is disconnected or the reset

| switch 140 is actuated as will be discussed in more detail below.

It will also be appreciated that when the fault relay 110 progresses to the second mode
such that the second contact 126 of the fault relay 110 disconnects the neutral input

terminal 104 from being in electrical connection with the neutral output terminal 122, the



WO 2013/170301 PCT/AU2013/000504

10

15

20

25

30

-15- .

trip relay 108 de-energizes such that contact 109 of the trip relay 108 re-opens. However,
due to the first contact 124 of the fault relay 110 electrically connecting the activé input
termina} 102 to the coil 160 of the fault relay 110, -the fault relay 110 is maintained in the
second mode despite the contact 109 of the trip relay 168 reopening.

When the user actuates the reset switch 140 due to the fault relay 110 operating in the
second mode, the active input terminal 102 is electrically connected to the coil 168 of the
reset relay 162. This causes a sufficient current to flow through the coil 168 of the reset
relay 162 such that the one or more contacts 164, 166 of the reset relay 162 'open. When
the one or more contacts 164, 166 of the reset relay 162 open, the coil 160 of the fault relay -
110 are no longer in electrical connection with the active conductor of the power supply
191 such that the fault relay 110 de-energizes. When the fault relay 110 ‘has de-energized,
the first and second contacts 124, 126 of the fault relay 110 reconnect the active and
neutral input terminals 102, 104 with the active and neutral output terminals 120, 122, such

that electrical power 191 can once again be provided to the load 154.

As a result of the fault relay 110 returning to the first mode, the coil 168 of the reset relay
162 is electrically disconnected from the active conductor 114 of the power supply 191
such that the reset relay 162 de-energizes and the contacts 164, 166 of the reset relay 162

return to a closed position. As such it will be appreciated that the one or more contacts

- 164, 166 of the reset relay 162 only open for a short period of time prior to returning to a

closed position.

The fault relay 110 shown in embodiment of the control circuit in Figures 4A and 4B méy

be provided in the form of a 30 Amp fault relay for larger loads.

As discussed in relation to Figure 2A and 2B, the control circuit 110 may include two fault
relays 128, 130. Figure 5A and 5B illustrates a modified version of the control circuit 100
of Figures 4A and 4B which includes two fault relays 128, 130. In particular, a first fault
relay 128 includes a contact 132 which disconnects the active input terminal 102 from the

active output terminal 120 in the event that the first relay 128 is electrically actuated by the
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trip relay 108. A second fault relay 130 includes a contact 134 which disconnects the

* neutral input 104 terminal from the neutral output terminal 122 in the event that the second

relay 130 is electrically actuated by the trip relay 108. In one particular configuration, the
first and second relays 128, 130 may be both 16 Amp fault relays such that the control

circuit 100 is rated for 16 Amp applications.

As shown in Figures 1A, 1B, 4A and 4B, the control circuit 100 may include a mode

switch 136 electrically connected between the fault relay 110 and the sensor line 106. The

mode switch 136 can include two positions. In a first position, the mode switch 136 is
closed such that when the fault relay 110 energizes and operates in the second mode, the
sensor line 106 is pulled to neutral as discusséd above. Generally, the mode switch is to be
placed in the first position in the event that the electronic protection device 10 is to be used
for a MEN distriblition system (TN/TT network). In a second position, the mode switch
136 is open such that when the fault relay 110/energizes and operates in the second mode,
the sensor line 106 is not pulled to neutral. Generally, the mode switch 136 is to be placed
in the second position in the event that the electronic protection device 10 is to be used for
a non-MEN distribution system (IT network). Therefore, when the electronic protection
device 10 is being installed, the installer can toggle the mode switch 136 between the first
and second position depending upon the type of electrical distribution system which is
supplying the load 154. A similar configuration is provided for the embodiment of Figures
2A, 2B, 4A and 4B. In particular, the second fault relay 130 is electrically connected to the.
mode switch 136 which is in turn electrically connected to the sénéor line 106. The
operation of the mode switch 136 in this embodiment is the same to that for the

embodiments discussed in relation to Figures 1A, 1B, 4A, and 4B.

As shown in the figures, a GMOV 170 may be located between the active and neutral input

terminals such to prbvide protection against voltage spikes and the like.

-

~ When the electronic protection device 10 is installed in a MEN EDS (TN/TT network)

which has an RCD feeding into the input terminals of the electronic protection device,

diode D2 is removed from the control circuit 100 thereby creating an open circuit in this
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part of the control circuit 100, thereby prevcnting false trips of the RCD.

Referring to Figure 6 there is shown a front view of an example of the electrical protection
device 10. In particular, the electrical protection device 10 includes a housing 610 which at
least partially houses the control circuit 10 (shown in dotted line). The control circuit
includes a first electrical plug 602 and second electrical plug 606 that extend from the
housing 610 via respective electrical cables 604, 608. The first electrical plug is for
electrically connecting the input terminals 102, 104 of the control circuit provided in the
form of the two pins of the first electrical plug with the power supply active and neutral
terminals 190, 192. The first electrical plug may be provided in the form of a male
electrical plug. The second electrical piug is for electrically connecting the output

terminals 120, 122 with the load active and necutral terminals 150, 152. The second

" electrical plug can be provided with three electrical connectors, wherein the first and

second connectors are the active and load output terminals 120, 122 of the control circuit
100 and the third connector is the sensor line which couples to the earth wire of the load.
As shown in Figure 6, the test switch 138 and reset switch 140 projected from a wall of the
housing 610. The tesf and reset switches 138, 140 may be provided in the form of press-
buttons. As shown in Figure 6, the electrical cables 604, 608 ‘may be of varying length for
the particular application. In the event that the electrical protection device 10 is to be
connected to an RCD 112, the first electrical plug can be replaced with two wires
connected to the input terminals 102, 104 of the control circuit 100 which extend from the
housing 610. The two wires can be electrically connected to respective output terminals of

the RCD 112.

It will be appreciated that the provision of the first and second electrical plugs 602, 604 are
preferable in circumstances where the electrical protection device 10 is to be physically
located between an electrical output of a power supply 191 and an electrical input of the

load. However, it is possible to retrofit a pbwer supply 191, such as an inverter or a

* generator, with the electronic protection device 10 or the control circuit 100 such that the

electrical protective device 10 or the control circuit 100 is connected between the power

supply 191 output and the power supply 191 power outlet. In particular, the electronic
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protection device 10 or control circuit 100 does not include conventional first and second
electrical plugs, but simply a set of electrical connectors (i.e. wires or similar) which can
be electrically connected to particular electrical portions of the power supply 191.
Specifically, the actiVe and neutral output terminals 190, 192 of the power supply 191
which are connected to the general power outlet (GPO) of the power supply 191 can be
disconnected and electrically connected to the active and neutral input connectors 102, 104
of the control circuit 10. The active and neutral output connectors 120, 122 of the control
circuit 10 can be electrically connected to the active and neutral electrical connectors of the
GPO. An electrical connector of the sensor line 106 can be electrically connected to the

earth electrical connection of the GPO of the power supply 191.

The housing 610 of the electronic protection device 10 or the control circuit 100 can be

mounted within a housing of the power supply 191. One or more holes can be formed in

* the housing of the power supply 191 to expose the test and reset switches 138, 140 through

the housing of the power supply 191.

Embodiments of the invention have been particularly developed for protecting electrical
loads that are use in :either or i)oth of a MEN electrical distribution system (TN/TT
network) or a floating earth electrical distribution system (IT network). While some
embodiments have been described with particular reference to that application, it will be
appreciated that the invention is not limited to such a field of use, and is applicable in

broader contexts, for example, in a DC voltage EDS.

Many modifications will be apparent to those skilled in the art without departing from the
scope of the present invention. X |
It is to be noticed that the term connected, when used, should not be interpreted as being
limited to direct connections only. The terms "coupled" and "cbnnected," along with their
derivatives, may be used. It should be understood that these terms are not intended as
synonyms for each other. Thus, the scope of the expression a device A connected to a

device B should not be limited to devices or systems wherein an output of device A is
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directly connected to an input of device B. It means that there exists a path between an
output of A and an input of B which may be a path includi.ng other devices or means.
"Connected" may mean that two or more elements are either in direct physical or electrical
contact, or that two or more elements are not in direct contact with each other but yet still

5 co-operate or interact with each other. -
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Claims

1. A control circuit for an electrical protection device including:

at least two input terminals including a first terminal for electrically connecting
with an active terminal of a supply and a second terminal for electrically connecting with a
neutral terminal of the supply;

at least two output terminals including a first output terminal for electrically

connecting with a load active terminal of an electrical load and a second output terminal

for electrically connecting with a neutral terminal of the load;

a sensor line for electrical connection to a reference which should be electrically
isolated from the active and neutral terminals of the supply; .

at least one fault relay operable in a first mode and a second mode, wherein in the
first mode the input and output terminals aré electrically connected for allowing the load to
receive electrical supply via the at least one fault relay, and in the second mode the input
and output terminals are electrically isolated thereby preventing electrical supply being
provided to the load; and

a detector for actuating the at least one fault relay in response to sensing a current

flowing through the sensor line which meets or exceeds a threshold current.

2. The control circuit according to claim 1, wherein when the at least one fault relay
operates in the second mode, the at least one fault relay connects the sensor line with the

neutral terminal of the supply.

3. The control circuit according to claim 2, wherein the control circuit includes a
mode switch to selectively configure the control circuit to connect the sensor line with the
neutral terminal of the supply when the at least one fault relay operates in the second

mode.

4. The control circuit according to any one of claims 1 to 3, wherein the detector is a
trip relay which operates in an energized mode in response to the current flowing through

the sensor line meets or exceeds the threshold current.
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5. The control circuit according to claim 4, wherein the trip relay is a low voltage trip
relay.
6. The control circuit according to claim 4 or 5, wherein in response to the at least one

fault relay progressing to the second mode, the trip relay progresses to a de-energized

mode whilst the at least one fault relay is maintained in the second mode.

7. The control circuit according to any one of claims 1 to 6, wherein the control
circuit includes a test switch which upon user actuation causes current to flow through the
sensor line which is sufficient for the detector to actuate the at least one fault relay to

operate in the second mode.

8. The control circuit according to claim 7, wherein the control circuit includes a reset
switch arrangement including a reset switch and a reset relay, wherein upon user actuation
of the reset switch, the reset relay progresses from an initial state to a reset state to cause

the at least one fault relay to operate in the first mode.

9. The control circuit according to claim 8, wherein upon the at least one fault relay
proéressing back to the first mode in response to the user action of the reset switch, the

reset relay progresses from the reset state to the initial state.

10. - The control circuit according to any one of claims 1 to 9, wherein the control
circuit includes a first fault relay and a second fault relay; wherein in response to the trip
relay progressing to the energized mode, the first fault relay isolates the first input terminal
from the first output terminal and the second fault relay isolates the second input terminal

from the second output terminal.

11.  The control circuit according to claim 10, wherein the first and second fault relay
operate substantially simultaneously in response to the trip relay operating in the energized

mode.
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12.  The control circuit according to any one of claims 1 to 9, wherein the control
circuit includes a single fault relay including a first and second contact which electrically
connect the respective input and output terminals in the first state, wherein in response to
the trip relay progressing to the energized mode, the first and second contacts move such
that the single fault relay operates in the second mode where the input and output terminals

are isolated from each other.

13.  Anelectrical protection system including:

a residual current device (RCD) connected to an active terminal and a neutral
terminal of a supply, wherein the RCD includes an active output terminal and a neutral
output terminal; and

an electrical protection device including a control circuit electrically connected to
the RCD, wherein the control circuit includes: ‘ » '

at least two input terminals including a first terminal for electrically
coﬁnecting with the active output terminal of the RCD and a second terminal for
electrically connecting with the neutral output terminal of the RCD;

at least two output terminals including a first output terminal for electrically
connecting with a load active terminal of an electrical load and a second output
terminal for electrically connecting with a load neutral terminal;

a sensor line for electrical connection to a reference which should be
electrically isolated from the active termjnal of the supply;

at least one fault relay operable in a first mode and a second mode, wherein in the

first mode the input and output terminals are electrically connected for allowing the load to

receive electrical supply via the at least one fault relay, and in the second mode the input
and output terminals are electrically isolated, and the sensor line is connected with the
neutral output terminal of the RCD, wherein in response to the sensor line being connected
to the neutral output terminal of the RCD, the RCD senses a fault condition and
disconnects the active and neutral terminals. of the supply from the active and neutral
output terminals of the RCD; and | '

a detector for actuating the at least one fault relay in response to sensing a current

flowing through the sensor line which meets or exceeds a threshold current.
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14.  The electrical protection system according to claim 13, wherein the detector is a
trip relay which operates in an energized mode in response to the current flowing through

the sensor line meeting or exceeding the threshold current.

15.  The electrical protection system according to claim 14, wherein the trip relay is a

low voltage trip relay.

16.  The electrical protection system according to claim 14 or>15, wherein in response
to the at least one fault relay progressing to the second mode, the trip relay progresses to an

de-energized mode whilst the at least one fault relay is maintained in the second mode.

17.  The electrical protection system according to any one of claims 14 to 16, wherein
the control circuit includes a test switch which upon user actuation causes current to flow
through the sensor line which is sufficient for the detector to actuate the at least one fault

relay to operate in the second mode.

18.  The electrical protection system according to claim 17, wherein the control circuit
includes a reset switch arrangement including a reset switch and a reset relay, wherein
upon user actuation of the reset switch, the reset relay progresses from an initial state to a

reset state to cause the at least one fault relay to operate in the first mode.

19.  The electrical protection system according to claim 18, wherein upon the at least
one fault relay progressing back to the first mode in response to the user action of the reset

switch, the reset relay progresses from the reset state to the initial state.

20.  The electrical protection system according to any one of claims 14 to 19, wherein-
the control circuit includes a first fault relay and a second fault relay, wherein in response

to the trip relay progressing to the energized mode, the first fault relay isolates the first

"input terminal from the first output terminal and the second fault relay isolates the second

input terminal from the second output terminal.
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21, The electrical protection system according to claim 20, wherein the first and second

fault relay operate substantially simultaneously in response to the trip relay operating in the

energized mode. \

22.  The electrical protection system according to any one of claims 14 to 19, wherein
the control circuit includes a single fault relay including a first and second contaci which
electrically connect the respective input and output terminals in the first state, wherein in
response to the trip relay progressing to the energized state, the first énd second contacts
move such that the single fault relay operates in the second mode where the input and

output terminals are isolates from each other.

23.  Anelectrical protection device including:
a housing; and
a control circuit according to any one of claims 1 to 12, wherein the housing at least

partially houses the control circuit.

24.  The electrical protection device according to claim 23, wherein the control circuit
includes a first electrical plug and a second electrical plug which extend from the housing,
wherein the first electrical plug is for electrically connecting the supply active and neutral
terminals to the input terminals of the control circuit and the second electrical plug is for
electrically connecting the load active and neutral terminals with the output terminals of

the control circuit.

25.  The electrical protection device according to claim 23 or 24, wherein the second
electrical plug includes a connector which is the sensor line for connecting with an earth

pin of the load.
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