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ELECTRICAL DEVICE WITH BUILT-IN SENSORS AND/OR COMMUNICATIONS

CROSS-REFERENCE TO RELATED APPLICATIONS

[0001] This is a non-provisional of, and claims the benefit of the filing date of, pending U.S.
provisional patent application number 62/789,088, filed January 7, 2019, entitled “Electrical
Device with Built-in Sensors and/or Communications,” which application is incorporated in its

entirety by reference herein.

FIELD OF THE DISCLOSURE

[0002] The present disclosure relates generally to electrical devices and, more particularly,
to mechanical interlocks containing interconnected electrical components to facilitate remote

monitoring.

BACKGROUND OF THE DISCLOSURE

[0003] Electrical devices, such as mechanical interlocks, are often used in industrial
applications to selectively couple devices to power sources. Mechanical interlocks typically
operate in harsh conditions such as wet, dusty, or corrosive environments. As a result, mechanical
interlocks, and any device coupled thereto, require frequent manual inspection and maintenance
to ensure operation in a safe and effective manner. In many instances, maintenance problems are
not detected until after damage has occurred. Further, routine manual inspections require a

significant investment in man-hours.
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[0004] Thus, it would be desirable to provide an electrical switch such as, for example, a
mechanical interlock, having components that can monitor operating conditions of the device, or
any device coupled thereto, while also being connected to remote devices, thereby providing
remote monitoring of the device (e.g., mechanical interlock) to facilitate more efficient

preventative maintenance.

SUMMARY OF THE INVENTION

[0005] This Summary is provided to introduce a selection of concepts in a simplified form
that are further described below in the Detailed Description. This Summary is not intended to
identify key features or essential features of the claimed subject matter, nor is it intended as an aid
in determining the scope of the claimed subject matter.

[0006] In one embodiment, disclosed herein is an electrical device for supplying line-
voltage power to a downstream coupled device. The electrical device including a communications
bus, a sensor module coupled to the communications bus, and a sensor hub module coupled to the
communications bus, wherein the sensor module generates a signal including data indicating a
sensed condition, wherein the sensor module transmits the generated signal to the sensor hub
module over the communications bus. The sensor hub module receives and processes the
generated signal from the sensor module. The sensor hub module may control operation of the
sensor module based on the data indicating the sensed condition. The sensor hub module may
transmit the data indicating the sensed condition to a communications module of the electrical
device. The communications module may transmit the data indicating the sensed condition to a
remote device, a remote computer network, or a remote cloud service. The sensor hub module

may receive a remote signal from the remote device, the remote computer network, or the remote
2
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cloud service through the communications module and may control operation of the sensor module
based on the received remote signal.

[0007] In one embodiment, disclosed herein is a water detection sensor including a first
curved conductive trace and a second curved conductive trace. The water detection sensor may
include a resistance detection component coupled to the first and second curved conductive traces.
The resistance detection component may detect a change in a resistance value between the first
and second curved conductive traces, corresponding to an amount of water bridging a gap between
the first and second curved conductive traces. The resistance detection component may provide
an alert when change in the resistance value is detected.

[0008] In one embodiment, disclosed herein is a voltage limiter circuit including an input
interface coupled to an AC input voltage, an output interface including an output capacitor coupled
between a first output connection and second output connection, and a switching transistor coupled
to the output capacitor, wherein the switching transistor turns on to charge the output capacitor to
a threshold voltage level and turns off when the output capacitor is charged above the threshold
voltage level, wherein the threshold voltage level corresponds to a DC output voltage. The DC
output voltage can be equal to or less than a maximum output voltage. The input interface may be
a single-phase input, a two-phase input, or a three-phase input and may include or may not include

a neutral input.

BRIEF DESCRIPTION OF THE DRAWINGS

[0009] By way of example, specific embodiments of the disclosed device will now be
described, with reference to the accompanying drawings, in which:
[0010] FIG. 1A illustrates an exploded, perspective view of an example embodiment of a

mechanical interlock that the features of the present disclosure may be used in combination with;
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[0011] FIG. 1B illustrates a front, perspective view of an example embodiment of a
disconnect switch that the features of the present disclosure may be used in combination with;
[0012] FIG. 1C illustrates various perspective views of example embodiments of pin and
sleeve devices that the features of the present disclosure may be used in combination with;

[0013] FIG. 1D illustrates a rear, perspective view of an example embodiment of an inlet
that the features of the present disclosure may be used in combination with;

[0014] FIG. 2 illustrates a block diagram of an example embodiment of an architecture
enabling interconnection of components of a device operating within an industrial environment in
accordance with one aspect of the present disclosure;

[0015] FIG. 3 illustrates an example embodiment of a water detection sensor in accordance
with one aspect of the present disclosure; and

[0016] FIG. 4 illustrates an example embodiment of a voltage limiter circuit in accordance

with one aspect of the present disclosure.

DETAILED DESCRIPTION

[0017] A device, system, and method in accordance with the present disclosure will now
be described more fully hereinafter with reference to the accompanying drawings, in which
example embodiments of the device, system, and method are shown. The disclosed device,
system, and method, however, may be embodied in many different forms and should not be
construed as being limited to the embodiments set forth herein. Rather, these embodiments are
provided so that this disclosure will be thorough and complete, and will fully convey the scope of
the devices, system and method to those skilled in the art. In the drawings, like numbers refer to

like elements throughout.



WO 2020/146046 PCT/US2019/061367

[0018] As will be described herein, the features according to the present disclosure may be
used with any suitable electrical device now known or hereafter developed. For example, the
electrical device may be in the form of, for example, a mechanical interlock 100 (FIG. 1A), a
disconnect switch 170 (FIG. 1B), a pin and sleeve device 180 including a plug device 182 and a
receptacle or connector 184 (FIG. 1C), an inlet 190 (FIG. 1D), a rotatably actuatable switch, or
the like. The electrical device may be used in a variety of industrial or commercial applications,
both indoors and outdoors, and may be used to energize and/or de-energize a downstream electrical
device, such as machinery, motors, lights, fans, pumps, generators and the like. As such, specific
details regarding construction and operation of the electrical device are omitted for sake of brevity
of the present disclosure. In addition, the present disclosure should not be limited to the details of
the electrical device, such as, for example, the mechanical interlock disclosed and illustrated
herein, unless specifically claimed and that any suitable electrical device can be used in connection
with the principles of the present disclosure.

[0019] As will be described now in connection with FIG. 1A, the electrical device may be
in the form of a mechanical interlock. As will be appreciated by one of ordinary skill in the art, a
mechanical interlock can be used to supply power to connected devices via, for example, a pin and
sleeve device such as, for example, a plug such as plug device 182 shown in FIG 1C. That is, for
example, a plug can be connected to the mechanical interlock for selectively supplying power to a
downstream electrical device. Mechanical interlocks are often designed for use in harsh or high
abuse environments such as, for example, wet, dusty, or corrosive environments.

[0020] Referring to FIG. 1A, the illustrated embodiment of the mechanical interlock 100
includes a number of components including, inter alia, an enclosure 110, a connector 120 for

coupling to, for example, a plug (not shown), an internal load switch 130, an external handle
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assembly 140, and a shaft 150 for rotationally coupling the external handle assembly 140 to the
internal load switch 130. The mechanical interlock 100 may also include a number of other
electrical and mechanical components.

[0021] As will be appreciated by one of ordinary skill in the art, the mechanical interlock
100 may receive power through one or more power input lines (not shown) and may supply power
to, for example, a plug coupled to the connector 120. The external handle assembly 140 is typically
mounted on a front of the enclosure 110 and may be connected to the load switch 130 through, for
example, the shaft 150 to operate the actuating mechanism of the load switch 130. In use, the
external handle assembly 140 may be rotationally locked to the load switch 130 via the shaft 150.
Thus arranged, rotational movement of the handle assembly 140 causes the shaft 150 to rotate,
which in turn rotates the load switch 130 to selectively supply and disconnect power from the
connector 120, and hence the plug and the downstream electrical device.

[0022] In the illustrated embodiment, the shaft 150 may be in the form of a two-piece shaft
so that the external handle assembly 140 may be operatively coupled to a handle portion or shaft
152 and the load switch 130 may be coupled to a switch portion or shaft 154, the handle portion
or shaft 152 may be rotationally coupled to the switch portion or shaft 154 so that rotation of the
external handle assembly 140 rotates the handle portion or shaft 152, which rotates the switch
portion or shaft 154, which rotates / actuates the load switch 130 (portion and shaft used
interchangeably herein without the intent to limit).

[0023] As illustrated, the enclosure 110 may be made up of a rear housing portion or base
112 and a front housing portion or cover 114, although it is envisioned that the enclosure 110 may
be manufactured from more or less portions. In addition, the enclosure 110 may be manufactured

from any suitable material including, for example, plastic, metal, or the like.
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[0024] In use, the downstream electrical device may be energized or de-energized,
depending on the direction of rotation of the handle assembly 140. Accordingly, the mechanical
interlock 100 1s “ON” (e.g., supplying power to the connected, downstream electrical device) when
the plug is coupled to the connector 120 and the handle assembly 140 is in an “ON” position.
When the handle assembly 140 is moved to an “OFF” position, the actuating mechanism of the
load switch 130 will have been moved to open the contacts, so that power to the associated
electrical device is disconnected. In general, the handle assembly 140 is rotated ninety-degrees to
transition the mechanical interlock 100 between the ON and OFF positions.

[0025] As illustrated, in one example embodiment, the mechanical interlock 100 may also
include an interlock latch assembly 160. In use, the interlock latch assembly 160 is selectively
movable between a first position and a second position. The interlock latch assembly 160 is
arranged and configured to be operatively associated with the connector 120 and the external
handle assembly 140 so that when the interlock latch assembly 160 is in the first position, the
interlock latch assembly 160 prevents rotation of the external handle assembly 140, and when the
interlock latch assembly 160 is in the second position, the interlock latch assembly 160 permits
rotation of the external handle assembly 140. In one embodiment, the interlock latch assembly
160 is movable between the first position and the second position via insertion of the plug into the
connector 120. That is, insertion of the plug into the connector 120 contacts and moves the
interlock latch assembly 160 from the first position to the second position. Additional information
regarding the operation and construction of the mechanical interlock is hereby omitted for sake of
brevity. For additional general information on mechanical interlocks, reference is hereby made to
U.S. Provisional Patent Application No. 62/769,733, filed on November 20, 2018, entitled

Mechanical Interlocks with Enhanced Features and U.S. Provisional Patent Application No.
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62/777,328, filed on December 10, 2018, entitled Mechanical Interlocks with Enhanced Features,
the contents of which applications is hereby incorporated by reference in their entirety.

[0026] Once again, however, it should be understood that the features according to the
present disclosure may be used with any suitable electrical device and/or mechanical interlock now
known or hereafter developed. In this regard, the present disclosure should not be limited to any
specific mechanical interlock unless specifically claimed.

[0027] FIG. 2 illustrates a block diagram of an example embodiment of an architecture
200 enabling interconnection of components of a device operating within an industrial
environment. The architecture 200 further enables the components of the device to connect to a
remote computer network, a remote device, a remote cloud service or platform, and/or the Internet.
The architecture 200 may represent connections between components mounted on one or more
printed circuit boards (PCB).

[0028] The architecture 200 may be provided in any type of electrical device including,
but not limited to, the mechanical interlock illustrated and described in connection with FIG. 1A,
the disconnect switch 170 illustrated in FIG. 1B, the pin and sleeve devices 180 illustrated in FIG.
1C, and the inlet 190 illustrated in FIG. 1D.

[0029] The architecture 200 provides a unified and scalable approach for adding or
removing electrical components that may operate within or as part of the electrical device (e.g.,
mechanical interlock, etc.). The architecture 200 provides connectivity to any type of constituent
electrical component such as, for example, a sensor that may collect data that may be analyzed to
facilitate predictive maintenance and improved performance of the electrical device (e.g.,
mechanical interlock, etc.) and/or any other device coupled thereto. In one embodiment, the

architecture 200 can be provided within an electrical device (e.g., a mechanical interlock, etc.) that
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is configured to operate in a three-phase Delta configuration. In another embodiment, the
architecture 200 can be provided within an electrical device (e.g., a mechanical interlock, etc.) that
is configured to operate in a three-phase Wye configuration.

[0030] As shown in FIG. 2, the architecture 200 may include a power sensor module 202,
a temperature sensor module 204, a moisture sensor module 206, a sensor hub module 208, and a
communications module 210. The power sensor module 202 may detect a condition or operational
state of a power connection and/or a ground connection to the electrical device (e.g., mechanical
interlock, etc.). For example, the power sensor module 202 may monitor power and ground
continuity, power loss, or other disruptions in power line connections provided to the electrical
device (e.g., mechanical interlock, etc.) or provided by the electrical device (e.g., mechanical
interlock, etc.).

[0031] The temperature sensor module 204 may detect a temperature of the electrical
device (e.g., mechanical interlock, etc.) and/or a temperature of an operating environment of the
electrical device (e.g., mechanical interlock, etc.). The moisture sensor module 206 may detect an
amount of moisture within the electrical device (e.g., mechanical interlock, etc.) and/or within the
operating environment of the electrical device (e.g., mechanical interlock, etc.).

[0032] The sensor hub module 208 may be any type of controller, processor, or logic
device including, for example, any programmable logic device (PLD), application specific
integrated circuit (ASIC), general purpose processor, or logic circuitry. In one embodiment, the
sensor hub module 208 may be a microcontroller unit (MCU) such as, for example, an
STMicroelectronics STMS8L ultra-low-power MCU. In another embodiment, the sensor hub

module 208 may be a STMicroelectronics STM32 MCU.
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[0033] The power sensor module 202, the temperature sensor module 204, the moisture
sensor module 206, and the sensor hub module 208 may be interconnected by a communications
bus 212. The communications bus 212 enables data or other communications to be transmitted
between the power sensor module 202, the temperature sensor module 204, the moisture sensor
module 206, and the sensor hub module 208. For example, data generated by the power sensor
module 202 may be transmitted to the sensor hub module 208 over the communications bus 212.
In one embodiment, the communications bus 208 may be a 2-wire isolated serial bus configured
and/or operating according to the Inter-Integrated Circuit (I2C) protocol. In general, the
communications bus 212 may provide connectivity with a reduced number of wires that isolates
low voltage components of the architecture 200.

[0034] Each sensor within the architecture 200 — for example, each of the power sensor
module 202, the temperature sensor module 204, and the moisture sensor module 206 — may
generate a signal indicative of detected conditions or collected data and may transmit the generated
signal to the sensor hub module 208. The sensor hub module 208 may then receive and process
the signals. The sensor hub module 208 may then process and/or analyze any data provided in a
signal provided by a sensor of the architecture 200. The sensor hub module 208 may adjust or
control operation of any component of the architecture 200 or any other component coupled to the
sensor hub module 208 based on the information provided by the received signals.

[0035] As an example, the sensor hub module 208 may transmit control instructions or
other information to the power sensor module 212 based on data provided to the sensor hub module
208 from the power sensor module 212. Similarly, the temperature sensor module 204 and the
moisture sensor module 206 may interact with the sensor hub module 208 to exchange data or

other information. In this way, data generated by any of the power sensor module 202, the

10
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temperature sensor module 204, and the moisture sensor module 206 may be provided to the sensor
hub module 208 and the sensor hub module 208 may direct operation of any of the power sensor
module 202, the temperature sensor module 204, or the moisture sensor module 206.

[0036] The sensor hub module 208 may provide processed data to the communications
module 210. The communications module 210 may transmit any information or data received
from the sensor hub module 208 to any remote device, remote computer network, or remote cloud
service or platform. The communications module 210 may provide a wired communications
interface operating according to any known wired communication standard or protocol. The
communications module 210 may also or alternatively provide a wireless communications
interface operating according to any known wireless communications standard or protocol. In one
embodiment, the communications module 210 may be a Wi-Fi module such as, for example, a
Cypress CYW43907 Wi-Fi module. In one embodiment, the sensor hub module 208 and the
communications module 210 may communicate over a universal asynchronous receiver-
transmitter (UART) connection.

[0037] The communications module 210 allows data or other information provided to the
sensor hub module 208 by the power sensor module 202, the temperature sensor module 204, or
the moisture sensor module 206 to be offloaded for processing or analysis. Further, the
communications module 210 allows data or other information (e.g., control instructions) from a
remote device to be received and provided to the sensor hub module 208. The sensor hub module
208 may then direct operation of the power sensor module 202, the temperature sensor module
204, and the moisture sensor module 206 or any other constituent component of the electrical
device (e.g., mechanical interlock, etc.) coupled to the communications bus 212 based on data

received from a remote device or network.

11
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[0038] The architecture 200 allows the sensor hub module 208 to receive data from any
number of components coupled to the communications bus 212. Further, the architecture 200
allows data provided to the sensor hub module 208 to be transmitted remotely to enable remote
monitoring of the electrical device (e.g., mechanical interlock, etc.). An operational state of the
electrical device (e.g., mechanical interlock, etc.) may be determined by a remote device based on
the provided data. Preventive maintenance of the electrical device (e.g., mechanical interlock,
etc.) may then be provided based on knowledge of the operating state of the electrical device (e.g.,
mechanical interlock, etc.). The architecture 200 also allows remote data or other remote
communications to be received by the sensor hub module 208 and then distributed to any
component coupled to the communications bus 212. In this way, the electrical device (e.g.,
mechanical interlock, etc.) having the architecture 200 may operate as an intelligent device by
interconnecting constituent components of the device and connecting the constituent components
to a remote device, a remote device, the Internet, or a cloud service or platform. In turn, the
connectivity provided by the architecture 200 may provide improved monitoring and maintenance
of the electrical device (e.g., mechanical interlock, etc.) or any constituent component thereof.
[0039] The operational status of the electrical device (e.g., mechanical interlock, etc.) or
any component thereof may also be indicated locally using light emitting diodes (LEDs) 214. The
LEDs 214 may be, for example, positioned on an outer portion of an enclosure of the electrical
device (e.g., mechanical interlock, etc.). The LEDs 214 may be operated to indicate an operation
status of the electrical device (e.g., mechanical interlock, etc.) or any constituent component
thereof.

[0040] The architecture 200 may optionally include a liquid crystal display (LCD) module

216 (shown in phantom in FIG. 2). The LCD module 216 may display visual information such as

12
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information regarding the operational status of the electrical device (e.g., mechanical interlock,
etc.) or any constituent component thereof. The LCD module 216 may include a touchscreen or a
touch-sensitive display. Accordingly, the LCD module 216 may provide visual information and/or
may receive an input from a user.

[0041] The architecture 200 provides an easily scalable and upgradable means to
interconnect constituent components to the sensor hub module 208. A first additional sensor
module 218 and a second additional sensor module 220 are shown in phantom to indicate the
ability to upgrade or scale the architecture 200 to meet the needs of the user. The first and second
additional sensors 218 and 220 may be easily added to the communications bus 212 to facilitate
interconnectivity with the sensor hub module 208 without the need to add new or separate wiring
or to implement additional communication technologies. In general, the architecture 200 allows
for any number of components (e.g., sensors, displays, circuits, etc.) to be coupled to the
communications bus 212. For example, multiple sensors of the same type (e.g., two or more
temperature, humidity, or moisture sensors) may be coupled to the communications bus 212 and
configured to communicate with the sensor hub module 208. Further, a variety of different types
of sensors beyond those illustrated in FIG. 2 may be coupled to the communications bus 212 and
configured to communicate with the sensor hub module 208 including, for example, a pressure
sensor, a vibrational sensor, a sound sensor, a thermal array sensor or array or sensors, or a
magnetic sensor. In this manner, the architecture 200 may provide a universal, safe, and reduced
wiring approach to connecting devices in an industrial application that may be modularly expanded
to meet needs for any application.

[0042] FIG. 3 illustrates an example embodiment of a water or moisture detection sensor

300. The water detection sensor 300 may be an implementation of the moisture sensor module

13
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206. The water detection sensor 300 may detect the accumulation of water inside enclosures
containing high voltage circuits or wiring such as, for example, an electrical device (e.g., a
mechanical interlock, etc.). The water detection sensor 300 may provide an alert or alarm if an
amount of water inside of the enclosure exceeds a predetermined level, thereby enabling action to
be taken to reduce the likelihood of compromised safety or equipment failure.

[0043] As shown in FIG. 3, the water detection sensor 300 may be provided within or on
a component 302. In one embodiment, the component 302 may be an enclosure or housing such
that the water detection sensor 300 is provided within the enclosure (e.g., on a surface of the
enclosure). In an alternative embodiment, the component 302 may be a PCB such that the water
detection sensor 300 is provided on the PCB which may be mounted inside of an industrial device.
In one embodiment, the water detection sensor 300 may be provided within a device that is
mounted on a wall with the water detection sensor 300 oriented either vertically or horizontally
(as shown in FIG. 3, the water detection sensor may be in a horizontal configuration).

[0044] As further shown in FIG. 3, the water detection sensor 300 may also include a first
conductive trace 304 and a second conductive trace 306. The first and second conductive traces
304 and 306 may be spaced apart by a fixed amount or distance. The first and second conductive
traces 304 and 306 may be electrically coupled to a resistance measurement component 308 (or
resistance detection component 308). The resistance measurement component 308 may detect or
measure a resistance between the first and second conductive traces 304 and 306.

[0045] When an amount of water bridges the gap separating the first and second conductive
traces 304 and 306 (e.g., when the amount of water contacts both the first and second conductive
traces 304 and 306), the resistance between the first and second conductive traces 304 and 306

may change in comparison to a resistance between the first and second conductive traces 304 and

14
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306 when no water is present. For example, when no water is present, a first resistance value or
level between the first and second conductive traces 304 and 306 may be detected by the resistance
measurement component 308. When water is present in an amount that fills the gap between the
first and second conductive traces 304 and 306, a second, different resistance value or level
between the first and second conductive traces 304 and 306 may be detected by the resistance
measurement component 308.

[0046] In one embodiment, when water is positioned between and coupled to both the first
and second conductive traces 304 and 306, the water may provide a short circuit connection
between the first and second conductive traces 304 and 306. The resistance measurement
component 308 may detect the corresponding change in the resistance between the first and second
conductive traces 304 and 306 — for example, the between the first and second conductive traces
304 and 306 may detect when the first and second conductive traces 304 and 306 are shorted
together.

[0047] When a change in resistance between the first and second conductive traces 304
and 306 is detected by the resistance measurement component 308, the resistance measurement
component 308 may generate and transmit a signal indicating that water inside of an enclosure in
which the water detection sensor 300 is positioned has exceeded a predetermined level. The signal
may be an alarm signal and may be transmitted over any type of communication link including,
for example, a wired or wireless communication link. In one embodiment, the water detection
sensor 300 may include or may be coupled to one or more LEDs that may provide a visual alarm
regarding the detection of water that exceeds a predetermined level.

[0048] The predetermined level or threshold of the water detection sensor 300 may be

primarily determined by a distance between the first and second conductive traces 304 and 306
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and a surface of the component 302 where water may accumulate. In one embodiment, water may
accumulate on a bottom surface of the component 302. As the distance between the first and
second conductive traces 304 and 306 and the bottom surface of the component 302 is increased,
more water may be required to bridge the distance between the first and second conductive traces
304 and 306 to cause a change in resistance that may be detected by the resistance measurement
component 308. As the distance between the first and second conductive traces 304 and 306 and
the bottom surface of the component 302 is decreased, less water may be required to bridge the
distance between the first and second conductive traces 304 and 306 to cause a change in resistance
that may be detected by the resistance measurement component 308.

[0049] The fixed distance between the first and second conductive traces 304 and 306 may
also contribute to the determination of the predetermined level or threshold of the water detection
sensor 300. For example, the fixed distance between the first and second conductive traces 304
and 306 may determine how much additional water, beyond an initial amount of water that reaches
the second conductive trace 306 from the bottom surface of the component 306, may be needed to
then reach the first conductive trace 304, thereby causing the first and second conductive traces
304 and 306 to be coupled together. The fixed distance may be set to be large enough to prevent
a receding level of water from coupling the first and second conductive traces 304 and 306
together. In one embodiment, the fixed distance can be larger than a drop of water, thereby
preventing the water sensor 300 from erroneously determining that the water level has reached the
predetermined threshold after the actual water level has dropped.

[0050] In one embodiment, the distance between the first and second conductive traces

304 and 306 may be uniform across the lengths of the first and second conductive traces 304 and
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306. The distance between the first and second conductive traces 304 and 306 may be set based
on a particular application in which the water detection sensor 300 is used.

[0051] As shown in FIG. 3, the first and second traces 304 and 306 are each curved. The
first and second traces 304 and 306 may be curved by the same amount such that the spacing
between the first and second conductive traces 304 and 306 is constant. The curvature of the first
and second conductive traces 304 and 306 may compensate for any unintended tilt of the enclosure
in which the water detection sensor 300 is positioned. Often, enclosures containing high voltage
circuits or wiring may be mounted on a wall and may not be exactly level and instead may have a
slight tilt — with the slight tilt corresponding to a relatively small angle as measured from a straight
horizontal line for example.

[0052] The curvature of the first and second traces 304 and 306 may accommodate for the
slight tilt while ensuring that the amount of water that triggers an alarm by the resistance
measurement component 308 remains the same. That is, the amount of water required to bridge
the gap between the first and second traces 304 and 306 will remain the same whether the enclosure
in which the water detection sensor 300 operates is mounted exactly level or with the slight tilt.
Absent the curvature of the first and second traces 304 and 306, the slight tilt could trigger an
alarm when the amount of water is below the predetermined threshold level, thereby resulting in a
false alarm.

[0053] FIG. 4 illustrates an example embodiment of a voltage limiter circuit 400. The
voltage limiter circuit 400 may be a component of an electrical device (e.g., a mechanical interlock,
etc.) as described herein including, for example, an electrical device that includes the architecture
200. Alternatively, the voltage limiter circuit 400 may be coupled to an electrical device (e.g., a

mechanical interlock, etc.) or may be provided in another device operating in an industrial
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environment. The voltage limiter circuit 400 may be a power interface that may provide a limited
and rectified DC output voltage based on a high voltage AC input voltage. The DC output voltage
may be set to not exceed a maximum value.

[0054] In one embodiment, the DC output voltage may be set not to exceed 250 V. In one
embodiment, the high voltage AC input may be 600 VAC or lower. In one embodiment, the
voltage limiter circuit 400 may operate from a single-phase AC input, a two-phase AC input, or a
three-phase AC input, with or without a neutral input, from 120 VAC to 660 VAC. In one
embodiment, the voltage limiter circuit may provide a limited DC output voltage of 250 VDC, +/-
10%.

[0055] The voltage limiter circuit 400 may provide the limited DC output voltage based
on a 3 phase Wye (Y) input or a 3 phase Delta input. In one embodiment, the voltage limiter
circuit 400 may pass through (e.g., with rectification) an input voltage that is less than 250 VAC
and may limit the output to 250 VDC when the input exceeds 250 VAC.

[0056] The output of the voltage limiter circuit 400 may be provided to an industrial
device. As such, the output of the voltage limiter circuit 400 may be considered a supply voltage.
The output of the voltage limiter circuit 400 may be further stepped down or dropped to provide a
lower DC supply voltage if desired using common circuit connections and/or arrangements as will
be appreciated by one of ordinary skill in the art.

[0057] The voltage limiter circuit 400 provides a limited and rectified supply voltage from
a high voltage input when provided any one of a combination of different 3 phase input
connections. This allows the voltage limiter circuit 400 to have broad application in industrial
applications when a lower DC supply voltage may be needed and the source input voltage is high

voltage AC.
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[0058] FIG. 4 provides a schematic of the voltage limiter circuit 400. For clarity, a portion
of the constituent components of the voltage limiter circuit 400 are labeled for purposes of
discussion to describe the operation of the voltage limiter circuit 400. As shown in FIG. 4, the
voltage limiter circuit includes an input interface 402 and an output interface 404. The input
interface 402 may include a first phase input 406, a second phase input 408, a third phase input
410, and a neutral input 412. The voltage limiter circuit 400 may operate when any one of the
three inputs 406, 408, and 410 are provided, with or without the neutral input 412.

[0059] In accordance with one aspect of the present disclosure, the voltage limiter circuit
400 may be used in combination with either a three-phase Wye input configuration or a three-
phase Delta input configuration. That is, the voltage limiter circuit 400 is universal and may be
selectively used with a three-phase Wye configuration and a three-phase Delta configuration
without any additional customization. This is in contrast to known competitor devices.

[0060] The output interface 404 may include a first output connection 414 and a second
output connection 416. The first and second output connections 414 and 416 may be provided
across an output capacitor 418. The voltage provided across the first and second output
connections 414 and 416 (and across the output capacitor 418) may be the output voltage of the
voltage limiter circuit 400 and may be the desired DC output voltage. As described herein, the
desired DC output voltage may be set based on selection of constituent components of the voltage
limiter circuit 400. Further, as described herein, the desired DC output voltage may be a set to not
exceed a maximum voltage such as, for example, 250 V DC.

[0061] The following is a description of exemplary operation of the voltage limiter circuit
400. During initial startup, a switching field-effect transistor (FET) 420 may be turned on by series

resistors 422, 424, and 426 which may drive the common base of transistor arrangement 428. A
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gate voltage of transistor 420 may be limited by Zener diode 430. An output voltage provided
across the capacitor 418 may increase until the output voltage reaches a threshold level (e.g., 250
V) set by a voltage divider formed by resistor 432 and resistor 434 and hysteresis resistors 436 and
438.

[0062] When the output voltage across the capacitor 418 reaches the threshold level, an
output of a comparator 440 may switch to a low output. In doing do, an optocoupler 442 may be
turned on. Further, transistor 420 is turned off with transistor 428 operating as a buffer for
transistor 420. The optocoupler 442 may provide isolation and allows the circuit arrangement
including the comparator 440 to be referenced to a negative terminal of the capacitor 418, thereby
obviating the need for high power resistors.

[0063] The transistor arrangement 428 provides a buffer to meet the relatively large turn
on and turn off pulses required by the transistor 420 by using charge stored in a capacitor 444.
When the transistor 420 is turned off, a load coupled to the first and second output terminals 414
and 418 may operate from charge stored in the capacitor 418, thereby slowly discharging the
capacitor 418. When the voltage across the capacitor 418 decreases below the threshold level, the
output of the comparator 440 switches off the optocoupler 442. When the optocoupler 442 turns
off, the transistor 420 may be turned on, causing the output capacitor 418 to be charged again. In
this manner, the cycle of turning on and off the transistor 420 to charge and discharge the capacitor
418 may be repeated to provide the desired DC output voltage

[0064] Resistors 446 and 448 and inductor 450 may limit current rush into the capacitor
418 when the transistor 420 switches states (e.g., from off to on). This may reduce the likelihood

of voltage overshoots across the capacitor 418 while also reducing switching speeds. By ensuring
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reduced switching speeds, required peak currents may be reduced which allows for the use of lower
Zener currents in the voltage limiter circuit 400 for component drive circuits.

[0065] The voltage limiter circuit 400, in contrast to conventional limiter circuits, allows
the transistor 420 to be switched on and off (e.g., to charge/discharge the capacitor 418) without
the need for the input voltage signal to swing positive and negative (e.g., without the need for a
zero-crossing of the incoming power signal). In turn, the voltage limiter circuit 400 may operate
without the need for high power components, thereby reducing the cost and complexity of the
voltage limiter circuit 400 in comparison to conventional approaches for supplying a limited and
rectified DC supply voltage in a high voltage industrial environment.

[0066] While certain embodiments of the disclosure have been described herein, it is not
intended that the disclosure be limited thereto, as it is intended that the disclosure be as broad in
scope as the art will allow and that the specification be read likewise. Therefore, the above
description should not be construed as limiting, but merely as exemplifications of particular
embodiments. Those skilled in the art will envision other modifications within the scope and spirit

of the claims appended hereto.
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CLAIMS
We claim:

1. An electrical device for supplying line-voltage power to a downstream coupled

device, comprising:
a communications bus;
a sensor module coupled to the communications bus; and

a sensor hub module coupled to the communications bus, wherein the sensor module
generates a signal including data indicating a sensed condition, wherein the sensor module

transmits the generated signal to the sensor hub module over the communications bus.

2. The electrical device of claim 1, wherein the sensor hub module receives and

processes the generated signal from the sensor module.

3. The electrical device of claim 2, wherein the sensor hub module controls

operation of the sensor module based on the data indicating the sensed condition.

4. The electrical device of claim 2, further comprising a communications module

coupled to the sensor hub module.

5. The electrical device of claim 4, wherein the sensor hub module transmits the

data indicating the sensed condition to the communications module.

6. The electrical device of claim 5, wherein the communications module transmits
the data indicating the sensed condition to at least one of a remote device, a remote computer
network, and a remote cloud service.
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7. The electrical device of claim 4, wherein the sensor hub module receives a
remote signal from at least one of a remote device, a remote computer network, and a remote

cloud service through the communications module.

8. The electrical device of claim 7, wherein the sensor hub module controls

operation of the sensor module based on the received remote signal.

9. The electrical device of claim 1, wherein the communications bus is an Inter-

Integrated Circuit (I2C) bus.

10.  The electrical device of claim 1, wherein the sensor module is one of a power

sensor module, a temperature sensor module, and a moisture sensor module.

11.  The electrical device of claim 1, wherein the sensor module is one of a humidity
sensor module, a pressure sensor module, a vibrational sensor module, a sound sensor module, a

thermal array sensor module, and a magnetic sensor module.

12.  The electrical device of claim 1, further comprising one of one or more light
emitting diodes (LEDs) and a liquid crystal display (LCD), the one or more LEDs or LCD being

arranged and configured to indicate an operational state of the electrical device.

13.  The electrical device of claim 1, wherein the electrical device is configured to

operate in one of a three-phase Wye configuration and a three-phase Delta configuration.

14.  The electrical device of claim 1, further comprising a plurality of additional
sensor modules, wherein at least two of the plurality of additional sensor modules are sensor

modules of the same type.
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15. A water detection sensor, comprising:

a first curved conductive trace; and

a second curved conductive trace.

16. The water detection sensor of claim 15, further comprising a resistance detection
component coupled to the first and second curved conductive traces, the resistance detection
component being arranged and configured to detect a change in a resistance value between the

first and second curved conductive traces.

17. The water detection sensor of claim 16, wherein a predetermined amount of water
connects the first curved conductive trace to the second curved conductive trace, thereby

changing the resistance value between the first and second curved conductive traces.

18. The water detection sensor of claim 17, wherein the resistance detection
component generates a signal indicating the detected change in resistance value between the first

and second curved conductive traces.

19. The water detection sensor of claim 18, wherein the resistance detection
component transmits the generated signal to at least one of a remote device, a remote network,

and a remote cloud service.

20.  The water detection sensor of claim 19, further comprising one or more light
emitting diodes (LEDs), the generated signal controlling the LEDs to correspond to the detected

change in resistance value between the first and second curved conductive traces.
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21. The water detection sensor of claim 17, the predetermined amount of water based

on a fixed uniform distance between the first and second curved conductive traces.

22. The water detection sensor of claim 21, the predetermined amount of water
further based on a distance between a surface accumulating water and the first and second curved

conductive traces.

23. A voltage limiter circuit, comprising:

an input interface coupled to an AC input voltage;

an output interface including an output capacitor coupled between a first output connection

and second output connection; and

a switching transistor coupled to the output capacitor, wherein the switching transistor turns
on to charge the output capacitor to a threshold voltage level and turns off when the output
capacitor is charged above the threshold voltage level, wherein the threshold voltage level

corresponds to a DC output voltage.

24, The voltage limiter circuit of claim 23, wherein the DC output voltage is equal to

or less than a maximum output voltage.

25. The voltage limiter circuit of claim 23, wherein the input interface comprises one

of a single-phase input, a two-phase input, and a three-phase input.

26. The voltage limiter circuit of claim 25, wherein the input interface comprises a

neutral input.
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27. The voltage limiter circuit of claim 25, wherein the input interface comprises one

of a three-phase Wye configuration and a three-phase Delta configuration.
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