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(57) Abstract: A monitoring system is provided for monitoring
a status of current supply through a current supply conductor 5
in an electrical housing 1. A current transformer 13 and a monit-
oring circuit 15 monitor the conductor 5 in the housing 1. The
monitoring circuit 15 is powered by current induced in the
transformer from current in the conductor. The monitoring cir-
cuit 15 is configured to output a signal on an output line 14 in-
dicating whether the current in the conductor is on or off. The
monitoring circuit 15 is connected to at least one of a display
device 24 and a door interlock 8 of a door of the housing 1 to,
respectively, indicate whether the current in the conductor 5 is
on or off and to prevent the door 17 of the housing 1 from open-
ing when the signal on the output line 14 indicates that the cur-
rent is on.
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TITLE: LIVE LOAD INDICATOR WITH DOOR INTERLOCK

INVENTORS: Vladimir Cano Rodriguez and Gerardo Rodriguez Najera

FIELD OF THE INVENTION

[0001] The invention disclosed relates to electrical power distribution enclosures.
BACKGROUND
[0002] When inserting, removing or working on electrical components in an

electrical housing, such as a load center or motor control center unit, an operator typically
turns off the power to the electrical housing beforechand. Otherwise, the operator may be

exposed to serious electrical hazard, such as an energized conductor or an arc flash.

SUMMARY

[0003] The invention provides simple, practical, and relatively inexpensive
equipment to indicate that there is a live wire, such as a main supply line feed, within an
electrical enclosure housing structure, by indicia or by preventing the housing from
opening, or both. The invention requires no external wiring to power its operations and
does not require modification of or connection to the electrical components in the
electrical housing. Instead, a current transformer with an integrated monitoring circuit is
placed around a current supply conductor to be monitored in the electrical housing. The
monitoring circuit is powered by current induced in the current transformer from current
in the current supply conductor being monitored. The monitoring circuit is configured to
output a signal on a output line indicating whether the current in the monitored current

supply conductor is on or off.

[0004] The monitoring circuit is connected to at least one of a display device and
a door interlock of the electrical enclosure, to indicate whether the current in the

monitored current supply conductor is on or off. The door interlock prevents the door of
the electrical enclosure from opening when the signal on the output line indicates that the

current is on.
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[0005] The current transformer with an integrated monitoring circuit has a small
form factor to enable fitting within the limited space available in the electrical enclosure.
The current transformer with an integrated monitoring circuit may be easily retrofitted on

the current supply conductor in the electrical enclosure.

DESCRIPTION OF THE FIGURES

[0006] Figure 1 illustrates an example embodiment of an electrical enclosure,
comprising a housing structure containing an electrical power supply cable with three
current supply conductors and at least one electrical device, and a supply line monitor
surrounding each current supply conductor. When any of the current supply conductors
conducts a current, the supply line monitor surrounding that current supply conductor is
configured to output a signal on an output line to at least one of a display device and a
door interlock of a door of the housing, indicating whether current through the current

supply conductor is on or off.

[0007] Figure 2 shows the supply line monitor including a monitoring circuit
electrically connected to a current transformer, whose operating power is provided by
current induced in the current transformer from current in the current supply conductor, to
monitor the current in the current supply conductor, and output a signal on an output line

indicating whether current through the current supply conductor is on or off.

[0008] Figure 3 shows a circuit diagram of the current transformer and the
monitoring circuit that includes an energy harvester circuit and a microprocessor, to
output the signal to a door interlock solenoid and/or the display screen, indicating whether

current through the current supply conductor is on or off.

[0009] Figure 4A shows a front perspective view from the bottom left side of an
example embodiment of the door interlock and its housing that is to be mounted on the
inside of the electrical enclosure housing structure and located proximate to an access

door of the electrical enclosure housing structure.

[0010] Figure 4B shows an exploded, front perspective view from the bottom left
side of the door interlock, illustrating example details of a latch and solenoid of the door
interlock, which operate in response to the signal on the output line from the supply line

monitor, indicating whether current through the current supply conductor is on or off.
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[0011] Figure 5A is a side cross sectional view of the door interlock, illustrating
example details of a latch bolt of the solenoid, which is withdrawn by the solenoid from a
bolt hole of the latch, to unlock the door of the electrical enclosure housing structure
when the signal on the output line from the supply line monitor, indicates that the current

through the current supply conductor is off.

[0012] Figure 5B is a side cross sectional view of the door interlock, illustrating
example details of the latch bolt of the solenoid, which is extended by the solenoid into
the bolt hole of the latch, to lock the door of the electrical enclosure housing structure
when the signal on the output line from the supply line monitor, indicates that the current

through the current supply conductor is on.

[0013] Figure 6 shows a front perspective view from the top right side of an
example embodiment of the display mounted on the outside of the electrical enclosure
housing structure indicating that the current through the current supply conductor is off,

by showing a message, for example, “UNLOCK”.

[0014] Figure 7A shows a front perspective view from the top right side of
another example embodiment of the electrical enclosure housing structure, shown with
the door removed, illustrating the an electrical power supply cable with three current
supply conductors, for example, as in a regular residential three wire cable having two hot

wires and one neutral wire with a supply line monitor on each wire.

[0015] Figure 7B-1 shows a front perspective view from the top right side of an
example embodiment of the electrical enclosure housing structure, with the display
indicating that the current through any current supply conductor is on, by showing a

message, for example, “ON”.

[0016] Figure 7B-2 shows a front perspective view from the top right side of an
example embodiment of the electrical enclosure housing structure, with the display
indicating that the current through all current supply conductors is off, by showing a
message, for example, “UNLOCK?”. The display may be a bistable display having a first
stable state indicating that the current through any current supply conductor is on and a

second stable state indicating that the current through all current supply conductors is off.
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DESCRIPTION OF EMBODIMENTS OF THE INVENTION

[0017] Figure 1 illustrates an example embodiment of an electrical enclosure,
such as a load center, comprising a housing structure 1 containing an electrical power
supply cable 50 and at least one electrical device, such as circuit breakers 10A, 10B, and
10C in branch location slots 45, meters, switches, and the like. The example electrical
power supply cable 50 shown in the figure, includes three current supply conductors 5A,
5B, and 5C that may provide the main electrical power to a power bus 25 of the electrical
enclosure housing 1. In example embodiments, the electrical power supply cable 50 may
be, for example, a regular residential three wire cable having two incoming hot wires 5A
and 5B having opposite phases, and one neutral wire 5C that returns the current flowing
in the two hot wires. Each of the three current supply conductors 5A, 5B, and 5C
includes a respective supply line monitor 2A, 2B, and 2C that is configured to output a
signal on a respective output line 14A, 14B, and 14C to at least one of a display device 24
and a door interlock solenoid 22 of a door interlock 8 (shown in Figure 4A). The display
is mounted on the outside of the housing structure 1, to indicate whether current through
any of the current supply conductors 5A, 5B, or 5C is on or whether all are off. The door
interlock is mounted on the inside of the housing structure and located proximate to an
access door of the housing structure, to prevent the door of the electrical housing from
opening when the signal on any output line 14A, 14B, or 14C indicates that the current is

on in the respective current supply conductor SA, 5B, or 5C.

[0018] Figure 2 illustrates the supply line monitor 2A, 2B, or 2C of Figure 1,
referred to herein generally as 2, with a printed circuit board 4 adjacent to the outside
circumference of a current transformer 13. The current transformer 13 surrounds the
respective current supply conductor 5A, 5B, or 5C of Figure 1, referred to herein
generally as 5. The current transformer 13 includes a toroidal sensor coil 6 and a high
magnetic permeability toroidal core 11. The sensor coil 6 may be magnet wire wound as
a toroidal coil about a high magnetic permeability toroidal core 11, forming a toroidal
current transformer. The toroidal core 11 has the current supply conductor 5 passing
through the toroidal core’s center. The toroidal core 11 may be composed of a
ferromagnetic material having a high permeability, such as silicon steel or high

permeability ferrite.
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[0019] A monitoring circuit 15 is shown formed on the printed circuit board 4 and
is connected to leads 7 and 9 from the sensor coil 6. The monitoring circuit 15 is shown
connected to its respective output line 14A, 14B, or 14C of Figure 1, referred to herein
generally as 14. The current supply conductor 5 is shown passing through the center of
the toroidal core 11. The monitoring circuit 15 is electrically connected to the current
transformer 13, whose operating power is provided by current induced in the current
transformer 13 from current in the current supply conductor 5. The monitoring circuit 15
uses the operating power to monitor the current in the current supply conductor 5, and
output a signal on the output line 14 indicating whether current through the current supply

conductor 5 is on or off.

[0020] The printed circuit board 4 may comprise a flexible substrate having
conductive lines deposited thereon. The monitoring circuit 15 may be attached to the
flexible substrate and electrically interconnected by the conductive lines. The flexible
substrate of the flexible printed circuit board 4 may have an adhesive coating on a
backside thereof to fasten the flexible printed circuit board 4 to the toroidal coil’s 11

outside circumference.

[0021] The supply line monitor 2 has a small form factor to enable fitting within
the limited space available in a load center, for example. Since there are no terminals or
exposed wires, the supply line monitor 2 may be made very robust and essentially
immune from electrical noise sources. In example embodiments, the toroidal core 11 and
toroidal sensor coil 6 of the current transformer 13 may be formed in two halves to

facilitate installation around the current supply conductor 5.

[0022] Figure 3 shows a circuit diagram of the current transformer and the
monitoring circuit that includes an energy harvester circuit and a microprocessor, to
output the signal to the door interlock solenoid and/or the display screen, indicating
whether current through the current supply conductor 5A, 5B, or 5C of Figure 1, referred
to herein generally as 5 is on or off. In this example, the printed circuit board 4 may
include the energy harvesting circuit 40, a super capacitor 12, a data processing device
such as a micro-processor 16 (in communication with a memory, not shown), and a gate

18.

[0023] The current in the current supply conductor 5 is an alternating current,

which induces an alternating current in the sensor coil 6 by means of electromagnetic
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induction. The alternating magnetic field produced by the current supply conductor 5,
inductively couples with the sensor coil 6, thereby producing the induced alternating
current in the sensor coil 6. The induced alternating current in the sensor coil 6 is
substantially proportional to the alternating current in the current supply conductor 5.
The leads 7 and 9 conduct the induced alternating current from the sensor coil 6 to the
energy harvester IC 40 in the monitoring circuit 15, on the printed circuit board 4. The
energy harvester IC 40 outputs rectified current to the super capacitor 12, the
microprocessor 16, and the gate 18. The monitoring circuit 2 operating power is provided
by current induced in the current transformer 13 from current in the current supply
conductor 5. The monitoring circuit 2 uses the operating power to monitor the current in
the current supply conductor 5. The gate 18 outputs a signal on the output line 14
indicating whether current through the current supply conductor 5 is on or off. The
output line 14 may provide operational power from the current induced in the current
transformer 13, to the door interlock solenoid 22 and/or the display screen 24. The signal
on an output line 14 indicates whether current through the current supply conductor 5 is
on or off. The door interlock 8 (shown in Figure 4A) prevents the access door from
opening when the signal on the output line indicates that current through the current
supply conductor is on. The display indicates whether current through the current supply
conductor is on or off. In example embodiments of the invention, the energy
requirements of the micro-processor 16 may be sufficiently low to be continuously

supplied by the energy harvesting circuit 40.

[0024] In an example embodiment of the invention, the current transformer 13
and the monitoring circuit 2 of Figure 3, are a live wire monitor. The live wire monitor
includes the current transformer 13 that is configured to surround a current supply
conductor to be monitored in an electrical enclosure. The monitoring circuit is
electrically connected to the current transformer. The monitoring circuit’s operating
power is provided by current induced in the current transformer from current in the
current supply conductor. The monitoring circuit uses the operating power to monitor the
current in a current supply conductor. The monitoring circuit outputs a signal on an
output line to at least one of a display device and a door interlock of a door of an
electrical enclosure, indicating whether current through the current supply conductor is on

or off. The live wire monitor of may also include an energy storage device in the
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monitoring circuit. The energy storage device stores energy from the current induced in
the current transformer from current in the current supply conductor. The monitoring
circuit outputs a portion of the energy stored in the energy storage device, to operate at
least one of the door interlock on the electrical enclosure and the display device, when
current through the current supply conductor is off. The storage device is the super

capacitor 12.

[0025] Figure 4A shows a front perspective view from the bottom left side of an
example embodiment of the door interlock 8 and its housing 26 that is to be mounted on
the inside of the electrical enclosure housing structure 1 and located proximate to an
access door 17 (shown in Figure 7B-1) of the electrical enclosure housing structure. The
figure shows a latch 20 of the door interlock 8, which engages the door 17 (Fig.7B-1) to

fasten the access door 17 shut.

[0026] Figure 4B shows an exploded, front perspective view from the bottom left
side of the door interlock 8, illustrating example details of a latch 20 and solenoid 22 of
the door interlock 8, which operate in response to the signal on the output line 14 from the
supply line monitor 2, indicating whether current through the current supply conductor 5
is on or off. The door interlock 8 includes a biasing spring 23 to urge the latch 20 to
rotate on the pivot 34 to fasten the access door 17 when the access door is closed on the
housing 1. If the latch 20 is not locked by the latch bolt 30, the operator may push the
latch up against the spring 23, to disengage the latch 20 from the door 17 so that the door
may be opened. However, when the signal on the output line 14 from the supply line
monitor, indicates that the current through the current supply conductor is on, the
solenoid drives the latch bolt 30 into the bolt hole 32 of the latch, so that the latch 20 does

not disengage from the door, thereby locking the door closed.

[0027] Figure 5A is a side cross sectional view of the door interlock, illustrating
example details of a latch bolt 30 of the solenoid 22, which is withdrawn by the solenoid
from the bolt hole 32 of the latch, to unlock the door of the electrical enclosure housing
structure when the supply line monitor signal on the output line 14, indicates no current
through any of the current supply conductors SA, 5B, or 5C of Figure 1, referred to herein
generally as 5. Figure 5B is a side cross sectional view of the door interlock, illustrating
the latch bolt 30 of the solenoid 22, which is extended by the solenoid into the bolt hole

32 of the latch, to lock the door of the electrical enclosure housing structure when the
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signal on the output line 14 from the supply line monitor, indicates that the current

through any of the current supply conductors 5A, 5B, or 5C of Figure 1, is on.

[0028] In this example embodiment of the invention, the signal on the output line
14 provides operational power to the door interlock 8 to prevent the access door 17 from
opening while there is current through the current supply conductor 5. The signal does
not provide operational power to the door interlock 8 when there is no current through a
current supply conductor. When there is no current through any current supply conductor
5A, 5B, or 5C of Figure 1, then the door is unlocked. The monitoring circuit 15 outputs
the induced current from the current transformer 13 as the signal on the output line 14, to
provide operational power to the door interlock 8 to prevent the access door from opening
while there is current through any of the respective current supply conductors 5A, 5B, or

5C of Figure 1.

[0029] Figure 6 shows a front perspective view from the top right side of an
example embodiment of the display 24 and its housing 28 that is to be mounted on the
outside of the electrical enclosure housing structure 1 in a location conveniently viewed
by an operator. The display 24 indicates that the current through the current supply
conductor 5 is off, by showing a message, for example, “UNLOCK”.

[0030] The signal on the output line 14 provides operational power to the display
to indicate whether the current through the current supply conductor 5 is on or off, as

further discussed below with respect to Figures 7B-1 and 7B-2 and the bistable display.

[0031] In an alternate example embodiment of the invention, the super capacitor
12 is an energy storage device in the monitoring circuit 2, which stores energy from the
current induced in the current transformer 13 from current in the current supply conductor
5. The monitoring circuit 2 is thus configured to provide operational power to the door
interlock 8 when current ceases to flow in the current supply conductor 5, thereby
powering the door interlock to unlock the door. The monitoring circuit 2 is further
configured to provide operational power to the display 24 when current ceases to flow in
the current supply conductor 5, thereby powering the display 24 to indicate that current

has ceased to flow in the current supply conductor 5.
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[0032] Figure 7A shows a front perspective view from the top right side of
another example embodiment of the electrical enclosure housing structure, shown with
the door removed, illustrating the example electrical power supply cable 50 shown in the
figure, includes three current supply conductors SA, 5B, and 5C. The example electrical
power supply cable 50 may be, for example, a regular residential three wire cable having
two hot wires 5A and 5B and one neutral wire 5C. A supply line monitor 2A surrounds
the hot wire SA to monitor wire SA and to harvest energy. The output line 14A from
supply line monitor 2A is connected to the display device 24 to indicate whether current
through the hot wire 5A is on or off. The output line 14A from supply line monitor 2A is
connected to the door interlock, to prevent the door of the electrical housing from opening

when the signal on the output line 14A indicates that the current is on.

[0033] A supply line monitor 2B surrounds the hot wire B to monitor wire 5B and
to harvest energy. The output line 14B from supply line monitor 2B is connected to the
display device 24 to indicate whether current through the hot wire 5B is on or off. The
output line 14B from supply line monitor 2B is connected to the door interlock, to prevent
the door of the electrical housing from opening when the signal on the output line 14B

indicates that the current is on.

[0034] A supply line monitor 2C surrounds the neutral wire 5C to harvest energy.
The output line 14C from supply line monitor 2C is connected to the display device 24 to
provide energy. The output line 14C from supply line monitor 2C is connected to the

door interlock, to provide energy.

[0035] The display 24 may be a bistable display having a first stable state
indicating that the current through any current supply conductor 5A, 5B, or 5C is on and
a second stable state indicating that the current through all current supply conductors 5A,
5B, and 5C is off. The super capacitor 12 then powers the change of state. Figure 7B-1
shows a front perspective view from the top right side of an example embodiment of the
electrical enclosure housing structure 1, with the display 24 indicating that the current
through any current supply conductor 5A, 5B, or 5C is on, by showing a message, for

example, “ON”.
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[0036] Figure 7B-2 shows a front perspective view from the top right side of an
example embodiment of the electrical enclosure housing structure 1, with the display 24
indicating that the current through all current supply conductors SA, 5B, and 5C is off, by
showing a message, for example, “UNLOCK”.

[0037] In example embodiments, the display 24 may be positioned on the front of

the door 17, for convenient viewing.

[0038] In example embodiments, the output line 14 may comprise a first output
line that provides operational power to the door interlock 8 and the display 24 and a
second output line that indicates to the display 24 whether current through the current

supply conductor is on or off.

[0039] In example embodiments, the electrical power supply cable 50 may have
three current supply conductors with two hot wires of opposite phase, and one neutral
wire. In another example embodiment, the electrical power supply cable 50 may have
three current supply conductors in a three phase application. In another example
embodiment, the electrical power supply cable 50 may have four current supply

conductors in a three phase application that includes a fourth wire with a neutral phase.

[0040] Although specific example embodiments of the invention have been
disclosed, persons of skill in the art will appreciate that changes may be made to the
details described for the specific example embodiments, without departing from the spirit

and the scope of the invention.
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CLAIMS
1. An electrical enclosure, comprising:

a housing structure containing a current supply conductor and at least one

electrical device;
a current transformer surrounding the current supply conductor; and

a monitoring circuit electrically connected to the current transformer, the
monitoring circuit’s operating power being provided by current induced in the current
transformer from current in the current supply conductor, the monitoring circuit to use the
operating power to monitor the current in the current supply conductor, the monitoring
circuit to output a signal on an output line indicating whether current through the current

supply conductor is on or off.

2. The electrical enclosure of claim 1, further comprising;:
an access door mounted on the housing structure;

a door interlock mounted on the housing structure and located proximate to the
access door of the housing structure, the door interlock being coupled to the output line
from the monitoring circuit, the door interlock to prevent the access door from opening
when the signal on the output line indicates that current through the current supply

conductor 1s on.

3. The electrical enclosure of claim 2, wherein the monitoring circuit comprises an
output of the induced current from the current transformer as the signal on the output line
to provide operational power to the door interlock to prevent the access door from
opening while there is current through the current supply conductor, and the signal does
not provide operational power to the door interlock when there is no current through the

current supply conductor, thereby unlocking the door.
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4. The electrical enclosure of claim 2, further comprising;:

an energy storage device in the monitoring circuit, the energy storage device to
store energy from the current induced in the current transformer from current in the

current supply conductor; and

the monitoring circuit further configured to provide operational power to the door
interlock when current ceases to flow in the current supply conductor, thereby powering

the door interlock to unlock the door.

5. The electrical enclosure of claim 1, further comprising:

a display mounted on the housing structure, the display being coupled to the
output line from the monitoring circuit, the display to indicate whether current through

the current supply conductor is on or off.

6. The electrical enclosure of claim 5, wherein the signal on the output line
provides operational power to the display to indicate whether the current through the

current supply conductor is on or off.

7. The electrical enclosure of claim 5, further comprising:

an energy storage device in the monitoring circuit, the energy storage device to
store energy from the current induced in the current transformer from current in the

current supply conductor; and

the monitoring circuit further configured to provide operational power to the
display when current ceases to flow in the current supply conductor, thereby powering the

display to indicate that current has ceased to flow in the current supply conductor.

8. The electrical enclosure of claim 5, further comprising:

an access door mounted on the housing structure;

-12-
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a door interlock mounted on the housing structure and located proximate to the
access door of the housing structure, the door interlock being coupled to the output line
from the monitoring circuit, the door interlock to prevent the access door from opening
when the signal on the output line indicates that current through the current supply

conductor 1s on.

9. The electrical enclosure of claim 8, wherein the signal on the output line
provides operational power to the door interlock to prevent the access door from opening
while there is current through the current supply conductor, and the signal does not
provide operational power to the door interlock when there is no current through the

current supply conductor, thereby unlocking the door.

10. The electrical enclosure of claim 9, wherein the signal on the output line
provides operational power to enable the display to indicate whether the current through

the current supply conductor is on or off.

11. The electrical enclosure of claim 10, wherein the output line comprises a first
output line that provides operational power to the door interlock and a second output line

that indicates to the display a flow of current through the current supply conductor.

12. The electrical enclosure of claim 8, further comprising:

an energy storage device in the monitoring circuit, the energy storage device to

store energy from the current induced in the current transformer; and

the monitoring circuit further configured to provide operational power to the door
interlock when current ceases to flow in the current supply conductor, thereby powering

the door interlock to unlock the door.

13. The electrical enclosure of claim 12, wherein the storage device is a capacitor.
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14. The electrical enclosure of claim 5, wherein the display is a bistable display
having a first stable state indicating that the current through the current supply conductor
is on and a second stable state indicating that the current through the current supply

conductor is off.

15. A live wire monitor, comprising:

a current transformer surrounding a current supply conductor to be monitored in

an electrical enclosure;

a monitoring circuit electrically connected to the current transformer, the
monitoring circuit’s operating power being provided by current induced in the current
transformer from current in the current supply conductor, the monitoring circuit to use the
operating power to monitor the current in the current supply conductor, the monitoring
circuit to output a signal on an output line to at least one of a display device and a door
interlock of a door of the electrical enclosure, indicating whether current through the

current supply conductor is on or off.

16. The live wire monitor of claim 15, further comprising;:

an energy storage device in the monitoring circuit, the energy storage device to
store energy from the current induced in the current transformer from current in the

current supply conductor; and

the monitoring circuit to output a portion of the energy stored in the energy
storage device, to operate at least one of the door interlock on the electrical enclosure and

the display device, when current through the current supply conductor is off.

17. The live wire monitor of claim 16, wherein the storage device is a capacitor.
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AMENDED CLAIMS
received by the International Bureau on 28 July 2015 (28.07.2015).

What is claimed is:

1. An electrical enclosure, comprising:

a housing structure containing a current supply conductor and at least one electrical

device;
a current transformer surrounding the current supply conductor;

a monitoring circuit electrically connected to the current transformer, the monitoring
circuit’s operating power being provided by current induced in the current transformer from
current in the current supply conductor, the monitoring circuit to use the operating power to
monitor the current in the current supply conductor, the monitoring circuit to output a signal

on an output line indicating whether current through the current supply conductor is on or off;
an access door mounted on the housing structure; and

a door interlock mounted on the housing structure and located proximate to the access
door of the housing structure, the door interlock being coupled to the output line from the
monitoring circuit, the door interlock to prevent the access door from opening when the

signal on the output line indicates that current through the current supply conductor is on.

2. The electrical enclosure of claim 1, wherein the monitoring circuit comprises an
output of the induced current from the current transformer as the signal on the output line to
provide operational power to the door interlock to prevent the access door from opening
while there is current through the current supply conductor, and the signal does not provide
operational power to the door interlock when there is no current through the current supply

conductor, thereby unlocking the door.

3. The electrical enclosure of claim 1, further comprising;

an energy storage device in the monitoring circuit, the energy storage device to store
energy from the current induced in the current transformer from current in the current supply

conductor; and
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the monitoring circuit further configured to provide operational power to the door
interlock when current ceases to flow in the current supply conductor, thereby powering the

door interlock to unlock the door.

4. The electrical enclosure of claim 1, further comprising:

a display mounted on the housing structure, the display being coupled to the output
line from the monitoring circuit, the display to indicate whether current through the current

supply conductor is on or off.

5. The electrical enclosure of claim 4, wherein the signal on the output line provides
operational power to the display to indicate whether the current through the current supply

conductor is on or off.

6. The electrical enclosure of claim 4, further comprising:

an energy storage device in the monitoring circuit, the energy storage device to store
energy from the current induced in the current transformer from current in the current supply

conductor; and

the monitoring circuit further configured to provide operational power to the display
when current ceases to flow in the current supply conductor, thereby powering the display to

indicate that current has ceased to flow in the current supply conductor.

7. The electrical enclosure of claim 4, wherein the signal on the output line provides
operational power to the door interlock to prevent the access door from opening while there is
current through the current supply conductor, and the signal does not provide operational
power to the door interlock when there is no current through the current supply conductor,

thereby unlocking the door.

8. The electrical enclosure of claim 7, wherein the signal on the output line provides
operational power to enable the display to indicate whether the current through the current

supply conductor is on or off.
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9. The electrical enclosure of claim 8, wherein the output line comprises a first output
line that provides operational power to the door interlock and a second output line that

indicates to the display a flow of current through the current supply conductor.

10. The electrical enclosure of claim 4, further comprising:

an energy storage device in the monitoring circuit, the energy storage device to store

energy from the current induced in the current transformer; and

the monitoring circuit further configured to provide operational power to the door
interlock when current ceases to flow in the current supply conductor, thereby powering the

door interlock to unlock the door.

11. The electrical enclosure of claim 10, wherein the storage device is a capacitor.

12. The electrical enclosure of claim 4, wherein the display is a bistable display
having a first stable state indicating that the current through the current supply conductor is
on and a second stable state indicating that the current through the current supply conductor

is off.

13. A live wire monitor, comprising:

a current transformer surrounding a current supply conductor to be monitored in an

electrical enclosure;

a monitoring circuit electrically connected to the current transformer, the monitoring
circuit’s operating power being provided by current induced in the current transformer from
current in the current supply conductor, the monitoring circuit to use the operating power to
monitor the current in the current supply conductor, the monitoring circuit to output a signal
on an output line to a door interlock of a door of the electrical enclosure, indicating whether

current through the current supply conductor is on or off.
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14. The live wire monitor of claim 13, further comprising:

an energy storage device in the monitoring circuit, the energy storage device to store
energy from the current induced in the current transformer from current in the current supply

conductor; and

the monitoring circuit to output a portion of the energy stored in the energy storage
device, to operate at least one of the door interlock on the electrical enclosure and the display

device, when current through the current supply conductor is off.

15. The live wire monitor of claim 14, wherein the storage device is a capacitor.

18
AMENDED SHEET (ARTICLE 19)



WO 2015/152874 PCT/US2014/032377
19
1
22
/ — 50
DOOR |01 14C 5A
INTERLOCK ﬂ S 5B
SOLENOID [\ L ¢ 1 SC
ST 280 2
DISPLAY J 1438 2A 5
SCREEN 14A " [OHO
~ 2B
/ ' — — ——— ml
' 0 [ J '
24 f# ————— — — - — - — - —‘,\10A
10B - - - B
' ",
|_ _____ — I _| \\_45
- g5
L ] . ]
e N - 45
L ] . ]
( — — - ]
| 0 [CI71 JI
ce—"" B .5




WO 2015/152874 PCT/US2014/032377

2/9

B
/

o—r\ /

01\/\'

11

FIG. 2



PCT/US2014/032377

WO 2015/152874

3/9

1£4

NIJHIS
AV1dSId

<

JION310S
MO0 THILNI
400d

44

AV

d0SS3004d
—OIN |«

u|l|k\w_

dIM0d MO1
vaLn

.v

I
d31SIAIVH
AJYAN3

dyvo8 1INJyI0 Q31INIYd

»




4/9

o
o~

Y

&

©
o™N

Nl N
S

¥

N o




WO 2015/152874 PCT/US2014/032377

N

\26

N

Y




WO 2015/152874

8

\

6/9

i *N

I

-
20 2N «////////////////W///}S
\7/

PCT/US2014/032377

=

20

FIG. 5A

LU

=

i *N

N

A

1N

32

=

FIG. 5B




7/9

“—~

y/w///

|

| o4



WO 2015/152874 PCT/US2014/032377

8/9

T %
: , o NS \
3 \
X DK /A
V0,50 e 7§
Ay ARG
EON/j= ="«
\ far By~ =
\ ) Ay ’ ‘—‘i‘. " =
) 58\ MY/ @AY

= Ol
S /(@
)

@)

FIG. 7A



00000000000000000000000000000

9/9

7

1 J

> Lol

FIG. 7B-1

17 /24

20\‘@ .
. MMMMM

FIG. 7B-2

ks

F




INTERNATIONAL SEARCH REPORT

International application No.
PCT/US2014/032377

A. CLASSIFICATION OF SUBJECT MATTER
IPC(8) - GO1R 19/15 (2014.01)
USPC - 336/174

According to International Patent Classification (IPC) or to both national classification and IPC

B.  FIELDS SEARCHED

Minimum documentation searched (classification system followed by classification symbols)
IPC(8) - GO1R 19/15; HO1F 27/28, 30/16, 38/14; HO1H 9/20, 9/22 (2014.01)
USPC - 336/174, 173, 175, 176; 200/50.18, 50.02, 50.0; 307/328; 324/133; 335/171, 100, 167; 361/270, 601, 622, 623

Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched
CPC - GO1R 19/15; HO1F 27/2895, 30/16, 38/14; HO1H 9/20, 9/22, 9/226 (2014.02)

Orbit, Google Patents, Google Scholar, Google

Electronic data base consulted during the international search (name of data base and, where practicable, search terms used)

C. DOCUMENTS CONSIDERED TO BE RELEVANT

and Education Journal. June 1993 [retrieved 2014-07-16). Retrieved from the Internet: <URL:
http://homepage.ntiworld.com/rocoil/Pr7o.pdf>. pages 105-113

Category* Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No.
X 1,5-7,15-17

----- US 2012/0039061 A1 (MCBEE et al) 16 February 2012 (16.02.2012) entire document mmmemmeen e

Y 2-4,8-14

Y CN 102779669 A (XU et al) 14 November 2012 (14.11.2012) see machine translation 2-4,8-13

Y US 4,572,973 A (TANAKA) 25 February 1986 (25.02.1986) entire document 11

Y US 2012/0146661 A1 (THOMAS) 14 June 2012 (14.06.2012) entire document 14

A US 2,013,241 A (HEFNER) 03 September 1935 (03.09.1935) entire document 1-17

A US 2010/0084920 A1 (BANTING et al) 08 April 2010 (08.04.2010) entire document 1-17

A WARD et al. Using Rogowski coils for transient current measurements. Engineering Science 1-17

D Further documents are listed in the continuation of Box C.

[

* Special categories of cited documents:

“A” document defining the general state of the art which is not considered
to be of particular relevance

“E” earlier application or patent but published on or after the international
filing date

“L” document which may throw doubts on priority claim(s) or which is
cited to establish the publication date of another citation or other
special reason (as specified)

“0” document referring to an oral disclosure, use, exhibition or other
means

“P” document published prior to the international filing date but later than

the priority date claimed

later document published after the international filing date or priority
date and not in conflict with the application but cited to understand
the principle or theory underlying the invention

document of particular relevance; the claimed invention cannot be
considered novel or cannot be considered to involve an inventive
step when the document is taken alone

“w
“y

“Y” document of particular relevance; the claimed invention cannot be
considered to involve an inventive step when the document is
combined with one or more other such documents, such combination

being obvious to a person skilled in the art

“&” document member of the same patent family

Date of the actual completion of the international search

18 July 2014

Date of mailing of the international search report

12 AUG 2014

Name and mailing address of the ISA/US

Mail Stop PCT, Attn: ISA/US, Commissioner for Patents
P.O. Box 1450, Alexandria, Virginia 22313-1450

Facsimile No. 571-273-3201

Authorized officer:
Blaine R. Copenheaver

PCT Helpdesk: 571-272-4300
PCT OSP: 571-272-7774

Form PCT/ISA/210 (second sheet) (July 2009)




	Page 1 - front-page
	Page 2 - front-page
	Page 3 - description
	Page 4 - description
	Page 5 - description
	Page 6 - description
	Page 7 - description
	Page 8 - description
	Page 9 - description
	Page 10 - description
	Page 11 - description
	Page 12 - description
	Page 13 - claims
	Page 14 - claims
	Page 15 - claims
	Page 16 - claims
	Page 17 - amend-body
	Page 18 - amend-body
	Page 19 - amend-body
	Page 20 - amend-body
	Page 21 - drawings
	Page 22 - drawings
	Page 23 - drawings
	Page 24 - drawings
	Page 25 - drawings
	Page 26 - drawings
	Page 27 - drawings
	Page 28 - drawings
	Page 29 - drawings
	Page 30 - wo-search-report

