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TESTING AND MONITORING OF AN ELECTRICAL CONNECTION

RELATED APPLICATION
The present application claims priority to and incorporates by reference in its
entirety U.S. Provisional Patent Application No. 62/096,234, filed on December 23,

2014, and titled “Testing and Monitoring of an Electrical Connection.”

TECHNICAL FIELD
Embodiments of the invention relate generally to electrical connections, and
more particularly, to testing of electrical connections, conductors, and loads prior to

energizing those connections.

BACKGROUND

Portable devices often contain components requiring electrical power and in
some cases the required electrical power can have relatively high voltage and current
ratings. Receptacles have been designed to provide power to such portable devices.
Often, receptacles are designed with mechanical interlocking features to ensure that a
connector from the device is properly inserted into the receptacle. i{owever, as
described further below, such mechanical interlocking features do not typically
provide electrical testing features.

Refrigerated shipping containers are one example of a portable device that
requires power. Refrigerated shipping containers are used to ship goods throughout
the world. Such refrigerated shipping containers can be transported on trains, trucks
and ships and the containers are often stationed at ports, warehouses, and distribution
centers. While the refrigerated containers are located in these various modes of
transportation and storage, they often need electrical power to operate the
refrigeration unit of the container. The refrigeration units in refrigerated shipping
containers typically operate at relatively high voltage and current ratings. For
example, many refrigerated shipping containers operate at 480 volts AC and 32 amps.
Electricity is delivered to refrigerated shipping containers via receptacles that can be
found, for example, in ports and distribution centers and on ships, trains, and trucks.

As shown in Figure 1, an example refrigerated shipping container 105 can
include a refrigeration unit 110 with a power cord 115 and a connector 120. The

connector 120 can have a variety of configurations. In the example shown in Figure
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1, the connector 120 is a pin-and-sleeve type of connector with four pins. The
connector 120 of refrigerated shipping container 105 can connect to a socket
comprising a receptacle such as the reefer receptacle 125 shown in Figure 1. In some
instances, the socket can be an interlocking socket. Interlocking sockets provide
added safety in that they require a secure mechanical connection between the
receptacle and the connector before the receptacle is energized and power is delivered
to the connector 120. Examples of interlocking sockets are described further, for
example, in U.S. Patent No. 4,604,505, U.S. Patent No. 8,475,192, and U.S. Patent
Application Publication No. 20130001052.

While existing interlocking sockets, such as the one comprising reefer
receptacle 125 shown in Figure 1, provide a mechanical interlock with the connector,
they do not provide any information regarding the safety of the electrical connection
beyond the receptacle, including the connector or any conductors or electrical
equipment downstream of the connector. For example, because the connector and
power cord remain attached to the refrigerated shipping container while it is
transported and stored, it is common for the connector and/or the power cord to
become damaged. As illustrated further in Figure 2C, damage to the connector and/or
the power cord can produce an unsafe condition, such as a bolted fault or ground
fault, when a damaged connector 220 is connected to a receptacle and energized.
Unsafe electrical conditions can also arise downstream of the power cord at the
compressor or other electrical components of the refrigeration system. Such unsafe
conditions can be exacerbated in situations where refrigerated shipping containers are
stored in racks closer to the main incoming electrical source where a higher short
circuit current exists. As illustrated in Figures 2A and 2B, some ports and shipping
areas are transitioning from horizontal reefer runways 205 shown in Figure 2A, where
reefers are placed adjacent to each other on the ground, to reefer racks 210 shown in
Figure 2B, where reefers are stacked vertically in a more dense arrangement that is
closer to the incoming power source. The more dense arrangements involving reefer
racks can increase the possibility of unsafe electrical conditions that could produce
arcing.

Accordingly, there is a need for an improved receptacle that can alert users to
unsafe electrical conditions in the connector, power cord, or electrical components

downstream of the connector and power cord towards and including the load. There



is a further need for an improved receptacle that prevents the receptacle from being

energized when an unsafe electrical condition is detected.

While the solution described in the following text and the attached figures largely
focuses on examples of improved receptacles for use with refrigerated shipping
containers, those in the field will recognize that the improved receptacles can be used in
other applications. The improved receptacles described herein can be useful in providing
electrical power to any device. Furthermore, the embodiments described herein can be

applied to other electrical devices including switches and indicators.

SUMMARY

An aspect of the present invention provides an interlocking socket for coupling to
a connector of a load, the interlocking socket comprising:

a receptacle configured to receive the connector;

a microcontroller coupled to the receptacle, the microcontroller operable for
testing for one or more faults in the connector, a conductor coupling the load and the

connector, or the load.

Another aspect of the present invention provides a switching device for coupling
to a load, the switching device comprising:

a line conductor;

a power cord conductor;

a breaker disposed between the line conductor and the power cord conductor;

a microcontroller coupled to the breaker and the power cord conductor , the
microcontroller operable for testing for one or more faults in the power cord conductor or
the load coupled to the power cord conductor; and

a communication module coupled to the line conductor and the power cord

conductor for transmitting communication signals between the load and a remote device.

Another aspect of the present invention provides an indicator device for coupling

to a load, the indicator device comprising:



a line conductor;

a power cord conductor;

a breaker disposed between the line conductor and the power cord conductor;

a microcontroller coupled to the breaker and the power cord conductor , the
microcontroller operable for testing for one or more faults in the power cord conductor or
the load coupled to the power cord conductor;

a communication module coupled to the line conductor and the power cord
conductor for transmitting communication signals between the load and a remote device;
and

an indicator for providing a result of the testing performed by the microcontroller,
the indicator being visual, audible, or both visual and audible.

The present application relates to testing and monitoring of an electrical
connection. In one embodiment, the disclosure provides for an interlocking socket for
coupling to a connector of a load, wherein the interlocking socket comprises a receptacle
designed to receive the connector. The interlocking socket further comprises a
microcontroller coupled to the receptacle, the microcontroller operable for testing for one
or more faults in the connector, a conductor, or the load coupled to the connector. The
interlocking socket can include a switching device (such as a breaker, safety disconnect
switch, relay, starter, contactor, etc.) that can be controlled by the microcontroller to
provide a direct safety interlock to disconnect a power circuit or maintain the power
circuit in a disconnected state so that power is not delivered to the load when an unsafe

condition is detected.

In another embodiment, the disclosure provides for a microcontroller coupled to a
switching device, wherein the switching device can include a breaker, safety disconnect
switch, relay, starter, contactor, or any other type of switch known to those in this field,
that is manually operated. The microcontroller is operable for testing for one or more
faults in a conductor coupled to the switching device or a load that can be coupled to the
switching device. If the microcontroller detects a fault or unsafe condition, the
microcontroller can actuate an indicator which indicates that the switch should not be
activated.

These and other aspects, objects, features, and embodiments will be apparent from

the following description and the appended claims.
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BRIEF DESCRIPTION OF THE FIGURES

Reference will now be made to the accompanying drawings, which are not
necessarily drawn to scale, and wherein:

Figure 1 illustrates an example of a typical refrigerated shipping container and
a prior art reefer receptacle;

Figures 2A, 2B, and 2C illustrate certain limitations with prior art reefer
receptacles;

Figures 3A, 3B, and 3C illustrate an improved receptacle in accordance with
an example embodiment of the present disclosure;

Figure 4A illustrates another example of a prior art receptacle;

Figure 4B illustrates another application of an improved receptacle in
accordance with an example embodiment;

Figure 5 illustrates a block diagram showing the components of an example
embodiment of an improved receptacle in accordance with the present disclosure;

Figure 6A illustrates a block diagram showing the components of another
example embodiment of an improved receptacle in accordance with the present
disclosure;

Figure 6B illustrates a block diagram showing the components of another
example embodiment implemented with a manual switch in accordance with the
present disclosure;

Figure 6C illustrates a block diagram showing the components of another
example embodiment with power line communication capability in accordance with
the present disclosure;

Figure 6D illustrates a block diagram showing the components of another
example embodiment;

Figure 7 is a schematic diagram showing detection circuits that can be used in
an improved receptacle in accordance with an example embodiment of the present
disclosure;

Figure 8A is a schematic diagram showing relays that can be used in an
improved receptacle in accordance with an example embodiment of the present
disclosure;

Figure 8B provides a table showing the different testing functions that the

microcontroller can perform in accordance with an example embodiment;
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Figure 9 illustrates the use of an improved receptacle in a system for
monitoring containers at a port in accordance with an example embodiment of this
disclosure;

Figure 10 illustrates the use of an improved receptacle in a system for
monitoring containers at a port in accordance with an example embodiment of this
disclosure;

Figure 11 illustrates the use of an improved receptacle in a system for
monitoring containers at a port in accordance with an example embodiment of this
disclosure; and

Figures 12-16 illustrate an architecture and process for energy metering and

billing in accordance with an example embodiment of this disclosure.

The drawings illustrate only example embodiments of the invention and are
therefore not to be considered limiting of its scope, as the invention may admit to
other equally effective embodiments. The elements and features shown in the
drawings are not necessarily to scale, emphasis instead being placed upon clearly
illustrating the principles of the example embodiments. Additionally, certain
dimensions or positionings may be exaggerated to help visually convey such
principles. In the drawings, reference numerals designate like or corresponding, but

not necessarily identical, elements.

DETAILED DESCRIPTION OF EXAMPLE EMBODIMENTS

Example embodiments disclosed herein are directed to systems and methods
for an improved receptacles, switching devices and indicators. Example embodiments
are described herein with reference to the attached figures, however, these example
embodiments are not limiting and those skilled in the art will appreciate that various
modification are within the scope of this disclosure.

In one or more of the example embodiments, improved receptacles, switching
devices and indicators may be subject to meeting certain industry standards or
requirements. Examples of entities that set and/or maintain such standards can
include, but are not limited to, the International Electrotechnical Commission (IEC),
the National Electric Code (NEC), the National Electrical Manufacturers Association
(NEMA), and the Institute of Electrical and Electronics Engineers (IEEE). Example
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embodiments are designed to be used in compliance with any applicable standards
and/or regulations.

Any of the example receptacles, switches or indicators and their associated
components or portions (e.g., features) thereof, described herein can be made from a
single piece or component (as from a single integrated circuit). Alternatively, the
example receptacles, switches or indicators (or portions thereof) can be made from
multiple pieces or components. Also, the names given to various components
described herein are descriptive of one embodiment and are not meant to be limiting
in any way. Those of ordinary skill in the art will appreciate that a feature and/or
component shown and/or described in one embodiment (e.g., in a figure) herein can
be used in another embodiment (e.g., in any other figure) herein, even if not expressly
shown and/or described in such other embodiment.

Any component described in one or more figures herein can apply to any
subsequent figures having the same label. In other words, the description for any
component of a subsequent (or other) figure can be considered substantially the same
as the corresponding component described with respect to a previous (or other) figure.
The numbering scheme for the components in the figures herein parallel the
numbering scheme for corresponding components described in another figure in that
each component is a three digit number having the identical last two digits. For any
figure shown and described herein, one or more of the components may be omitted,
added, repeated, and/or substituted. Accordingly, embodiments shown in a particular
figure should not be considered limited to the specific arrangements of components
shown in such figure.

Referring to the example embodiments shown in the figures, Figures 3A, 3B,
and 3C show various views of an example embodiment of the improved interlock
socket 300. The example improved interlock socket 300 includes the components
typically found in a conventional interlock socket including a faceplate 310 and a
molded case circuit breaker 305 mounted on a tray with electrical connections to a
receptacle 320. In the example shown in Figure 3A, a connector 325, such as a
connector to a refrigerated shipping container or other device requiring power, is
inserted into the receptacle 320. Example connector 325 is attached to power cord
326 which includes three power cord conductors, 327, 328, and 329, each carrying a
different phase of power. The improved interlock socket 300 also includes a

microcontroller 330 for performing safety testing of the electrical connections, power
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cord conductors, and load before closing the circuit breaker and energizing the circuit.
The microcontroller 330 is shown in Figure 3C mounted to the exterior of the circuit
breaker 305. However, in alternate embodiments, the microcontroller can be mounted
in an accessory cavity within the circuit breaker 305.

As described further in the figures that follow, the microcontroller 330
provides the ability to test the electrical connections and conductors between the
receptacle, the connector, the power cord, and the electrical components downstream
of the power cord towards and including the load to ensure there are no faults or other
unsafe electrical conditions prior to closing the breaker and energizing the circuit.
The microcontroller can also control the operation of the circuit breaker or similar
switching device such that if an unsafe condition is detected, the circuit breaker
cannot be closed and the circuit cannot be energized. The results of the tests
performed by the microcontroller 330 can be communicated to a user via one or more
indicators, such as the indicators 315 shown on the faceplate 310 in Figure 3B.
Figure 3B provides a front view of the interlock socket 300 and receptacle 320 with
the connector 325 removed. In the example in Figure 3B, an indicator can signal that
the connector is properly connected to the receptacle. Another indicator can signal
that there are no faults detected in the circuit. Finally, yet another indicator can signal
that the breaker is closed and power is being delivered to the circuit. In other
embodiments different arrangements of indicators, including visual and audible
indicators, can be implemented to communicate the results of the tests performed by
the microcontroller 330. Additionally, as described further in connection with Figures
9-11, the microcontroller can communicate the resuits of the tests it performs to
remote locations, such as a central monitoring system of a port.

Referring now to Figures 4A and 4B, another example of a prior art receptacle
is shown in Figure 4A, whereas an improved receptacle with a microcontroller is
shown in Figure 4B. Figures 4A and 4B illustrate that the improved receptacle
described herein can be applied to other types of receptacles beyond the interlock
socket illustrated in Figures 3A — 3C. For example, Figures 4A and 4B illustrate an
enclosure 405, 420 with an interlock socket that may be mounted, for example to a
wall, and may be used in a hazardous environment that requires explosion-proof
equipment. The components of the interlock socket are located inside the enclosure
405, 420 in Figures 4A and 4B and are not visible, but are generally understood to
those in this field. The interlock socket shown in Figures 4A and 4B typically
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includes a breaker and a receptacle into which a connector can be inserted. As
illustrated in the prior art example in Figure 4A, if the connector 410 or other
component downstream of the connector contains a fault or other unsafe condition,
the prior art interlock socket is unable to test for such a fault or other unsafe condition
before the breaker is closed and power is supplied to the connector 410.

In contrast, the improved enclosure 420 shown in Figure 4B can also
implement a microcontroller (located within the enclosure 420) similar to
microcontroller 330, to test the electrical connection between the receptacle, the
connector 430, the power cord, and downstream eiectrical components, including the
load, before the circuit is energized. If the microcontroller detects a fault or other
unsafe condition in the receptacle, the connector, the power cord, or downstream
electrical components, the microcontroller can prevent a breaker within the enclosure
420 from closing and thereby prevent power from being delivered to the connector.
In addition, the enclosure 420 can include an indicator, such as indicator 425 located
on the exterior of the enclosure 420. The indicator can provide an indication when the
microcontroller has detected an unsafe condition and is preventing the breaker from
being closed.

Those of skill in this field will recognized that the microcontroller described in
connection with Figures 3A — 3C and 4B can be applied to other types of enclosures
in both hazardous and non-hazardous environments. For example, instead of the
previously described receptacle, enclosure 420 could contain a manual switching
device, such as a safety disconnect switch, a relay, a starter, a contactor, or any other
type of switch known to those in this field. As with the foregoing example, the
manual switch can include a microcontroller that performs testing on the connector
and downstream components and indicates test results or status before the manual
switch is actuated and the connector is energized.

Referring now to Figures 5 and 6A, two different implementations of the
microcontroller are illustrated. Figure 5 illustrates the microcontroller 515 and
contactor 520 implemented in series between the circuit breaker 505 and the plug or
connector 525. The microcontroller 515 can receive power for performing testing
operations via a power source, such as the 24 V DC power source 510. The 24 V DC
power source 510 is merely one example and in other embodiments other power
sources that may be AC or DC and having different voltages can be employed. The

microcontroller 515 performs testing by transmitting signals onto each of the four
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conductors (three discrete phase conductors 521, 522, and 523 and a ground
conductor 524) of the plug or connector 525 that connects via a power cord to a load
527. The microcontroller can also include a coil (GF) for ground fault testing as well
as a temperature sensor for detecting temperature increases that may indicate an
unsafe condition. If the microcontroller detects an unsafe electrical condition via any
of the tests that are performed, the microcontroller can lock the contactor 520 so that
power cannot be delivered to the plug 525. In the implementation shown in Figure 5,
the contactor 520 must be rated to handle the voltage and current conducted from the
line conductors 506, 507, and 508 to the plug once the breaker 505 and contactor 520
are closed.

| Figure 6A shows an alternate embodiment 600 wherein the microcontroller
615 and contactor 620 are implemented in parallel to the breaker 605. In the example
600, the microcontroller 615 receives power from a power source such as the 24 V
DC power source 610 and transmits test signals on the four conductors (three discrete
phase conductors 621, 622, and 623 and a ground wire 624) of the plug or connector
625 via the contactor 620. The plug or connector 625 is coupled via a power cord to a
load 627. The microcontroller can also include a coil (GF) for performing ground
fault testing as well as a temperature sensor for detecting temperature increases that
may indicate an unsafe condition. Lastly, the microcontroller can be coupled to the
breaker 605 and can prevent the breaker from closing if an unsafe condition is
detected. If microcontroller determines that the electrical conditions are safe based on
the tests performed, the breaker 605 can be closed and so that power from the line
conductors 606, 607, and 608 can be supplied to the load 627. The example shown in
Figure 6 offers advantages over the example shown in Figure 5 in that the contactor
620 is not required to be as robust as the contactor 520 because contactor 620 is not
conducting the full current to the plug. The contactor 620 also provides electrical
isolation of the microcontroller 615 from the high voltage of the power conductofs
when they are energized, so low voltage detection circuitry can be used.

In connection with the embodiments illustrated in Figures 6A, 6B, 6C, and 6D,
the same reference numbers used in the different figures indicates the same or similar
componenté are used in each embodiment unless otherwise noted. Referring now to
Figure 6B, an alternate embodiment 630 is illustrated showing an example
microcontroller 615 implemented- in a different system. Specifically, instead of a

breaker as illustrated in Figure 6A, the example 630 shown in Figure 6B includes a
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manual switch 632 and an indicator 633. The manual switch 632 can be any type of
switching device known to those in this field, including a relay, a starter, or a
contactor. The manual switch 632 also comprises a connector 625 that couples to a
load 627. In the example system of 630, the connector 625 is a three-phase conductor
with three discrete conductors 621, 622, and 623 and a ground conductor 624. When
the manual switch 632 is closed, power is delivered to the load 627 via the connector
625. Example system 630 shown in Figure 6B uses microcontroller 615, power
source 610, and contactor 620 in a similar manner as that described in connection
with Figure 6A in order to detect faults or other unsafe conditions in the connector
625 or downstream of the connector 625 to a load. However, instead of a breaker that
the microcontroller 615 can control to prevent the energizing of the load, the
microcontroller 615 actuates indicator 633 to indicate an unsafe condition. The
indicator 633 can be any type of indicator including a visual indicator and an audible
indicator. The actuated indicator provides a signal to a user that actuating the manual
switch to energize the load 627 may be unsafe due to one or more conditions detected
by the microcontroller 615. In yet another variation on the embodiment shown in
Figure 6B, the manual switch 632 can be removed and the microcontroller 615 and
indicator 633 can perform a monitoring and alerting function.

Referring again to the embodiments shown in Figures 5 and 6A that include a
breaker, in certain examples there may be a need for communication with the load,
such as a refrigerated container. However, when the breaker is open in the power
circuits illustrated in Figures 5 and 6A, communication over the power circuit is not
possible. Therefore, Figures 6C and 6D provide further example embodiments that
support communication via the power circuit with the load, such as a refrigerated
container, when the breaker is open. ‘

Figure 6C provides an example of passive power line communication, whereas
Figure 6D provides an example of active power line communication. Figures 6C and
6D both include a breaker 605, a power supply 610, a microcontroller 615, a contactor
620, and a connector 625 and these components operate in a similar manner to that
described in connection with Figure 6A. In addition to these components, Figure 6C
includes a passive power line communication module 650. The passive power line
communication module 650 comprises a signal transformer 652 that is coupled via
capacitors 654 and 656 to the interlocking socket. One side of the passive power line

communication module 650 is coupled to phase A and B conductors 621 and 622 on
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the receptacle side of the breaker 605 and the other side of the module 650 is coupled
to the phase A and B line conductors 606 and 607 on the power line side of the
breaker 605. With the passive power line communication module 650,
communication signals can be sent between the refrigerated container and a remote
device that collects data from the refrigerated container.

Figure 6D provides another example of power line communication, but using
an active power line communication module 660. The active power line
communication module 660 comprises two signal transformers 662 and 664 that are
coupled via capacitors to opposite sides of the breaker 605. The active power line
communication module 660 also comprises a transceiver 665 located between the two
signal transformers 662 and 664 and coupled via capacitors to the two signal
transformers. The transceiver can be used to boost and re-shape the communication
signal for better performance reliability. ~However, the active power line
communication module 660 requires power to operate. Power to support the power
line communications can be provided by a battery source that may be available on the
refrigerated container or by an alternate power source such as the 24 volt DC power
source 610.

The power line communication modules 650 and 660 illustrated in Figures 6C
and 6D are only examples and those of skiil in the field will recognize that the power
line communication modules can be configured in other ways to achieve
communication with the refrigerated container or other device when the breaker is
open. For example, the power line communication modules can be configured to
different phase conductors other than the A and B phases shown in Figures 6C and 6D
and the modules can be coupled at other locations on either side of the breaker.

The microcontroller described herein that enables the improved receptacle also
comprises at least one processorA and detection circuits and relays in order to perform
the testing and monitoring. Figure 7 illustrates an example of the detection circuits
that can be implemented that permit the microcontroller to perform the necessary
testing. In the example shown in Figure 7, a DC power source 705 can be applied to
the different combinations of the conductors A, B, C, and ground in the plug or
connector 725 in order to measure with meter 706 whether there are any faults
between the different conductors. The plug 725 is shown in Figure 7 coupled to a
load 730. The different combinations of the conductors A, B, C and ground can be

tested using the relay switches 720. For example, actuating the different relay
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switches permits testing for short circuits between A and B; A and C; and B and C.
Figure 8A shows an example 800 of the relay switches, shown in greater detail as
720a, 720b, 720c, and 720d, being implemented using single pole double throw
switches. The relay switches shown in Figure 8A are shown with the contact arm in
both positions for illustrative purposes, however, those skilled in this field would
understand that, when implemented, the contact arm for each relay would only be in a
single position at a given time. Alternate embodiments can implement the relay
switches 720 using other arrangements of switches than those shown in Figure 8A.
The detection circuit 700 shown in Figure 7 also includes an AC power source 710
and a meter 715 for detecting ground faults between each of conductors A, B, C and
the ground wire. Figure 8B provides a table listing examples of the different testing
functions that the microcontroller can perform.

Those of skill in this field will recognize that the circuits illustrated in Figures
5-8B are non-limiting examples. In alternate embodiments, the circuits may take
different arrangements or use different components in order for the microcontroller to
perform the necessary testing.

Referring now to Figures 9 through 11, additional benefits of the improved
receptacle disclosed herein are described. The benefits and features described in the
following figures can also be applied to any of the embodiments described herein
including those implementing a switch and/or indicator instead of a breaker. In
particular, in addition to the safety features offered with the improved receptacle
having a microcontroller as described herein, the microcontroller can be used to
perform ongoing monitoring and management of devices connected to each of the
improved receptacles. In the example of a port where many shipping containers are
stored, the improved receptacle can be used to monitor the shipping containers
connected to the receptacles and manage the movements of containers within the port.

Moreover, the microcontroller coupled to the receptacle can provide
information with respect to the receptacle and the circuit breaker. This monitoring of
the receptacle and circuit breaker is advantageous for sevqral reasons. For example, if
a receptacle was not currently being used, but had been damaged in the past, the port
operator could determine that the receptacle or circuit breaker were damaged before
attempting to connect a container to that receptacle.

Referring to the example illustrated in Figure 9, a system 900 for gathering

information from an array of microcontrollers located at receptacles is illustrated.
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Using the improved receptacle described herein, the microcontroller can communicate
information conceming the status of power being supplied to containers and the status
of the receptacle, the circuit breaker, the connector, the power cord, or any electrical
equipment, including the load, located downstream of the receptacle. An array of
microcontrollers, such as microcontrollers 903, 905, and 907, can communicate the
information using one or more wired or wireless communication protocols to a central
computer system 910 used to manage the location at which a multitude of containers
are located, such as a port or distribution center. The central computer system can
collect information from the microcontrollers 903, 905, and 907, which are coupled to
each receptacle. The collected information can relate to the operation and status of
the receptacle and the electrical equipment at each receptacle. As shown in Figure 9,
the central computer system 910 can provide a display 915 of information concerning
receptacles or electrical equipment that is not in service. For example, receptacles
that are not available for use can be marked with an “X”, whereas available
receptacles can be designated with an empty box. This information can be very useful
in a busy port or distribution center where space is at a premium and reefer racks may
not be available for storing shipping containers. The monitoring information is also
useful to a port or distribution center in that it can be used to minimize the number of
times a shipping container is moved. Each move of a shipping container has an
associated cost, so the ability to efficiently manage the movement of shipping
containers based on the monitoring information collected from the improved
receptacles assists the port operator in reducing costs.

Figures 10 and 11 illustrate other examples where information gathered from
the microcontroller installed at each receptacle can be used to manage the shipping
containers in a port. Figure 10, comprising states 1005 through 1020, shows an
example where a reefer rack has been identified as being out of service, perhaps due
to faulty electrical equipment such as detection by the microcontroller of a tripped
breaker or detection of a fal;lt on the power lines coming in to the receptacle. The
particular reefer rack can be marked as unavailable within the port’s central computer
system so that other shipping containers are not stored at that location. Figure 11,
comprising states 1105 through 1130, shows an example where the informétion
gathered from microcontrollers located at receptacles is particularly useful in a port
that uses reefer racks wherein containers are stacked on top of each other. As shown

in Figure 11, a reefer rack with defective electrical equipment will render the slots
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above that reefer rack also unavailable and this information can be easily gathered and
provided to a user via the port’s central computer system that is receiving information
from each of the microcontrollers installed at the receptacles at each reefer rack.

Those in the field will recognize that the examples discussed in connection
with Figures 9-11 of managing a port using the improved receptacles can be applied
to other contexts. For example, a large industrial facility may have many enclosures
with receptacles such as the ones shown in Figure 4A. Implementing the improved
receptacle described herein at each enclosure within the industrial facility can allow a
central monitoring system to gather information concerning the status of each
receptacle within each enclosure via the communication capabilities of the
microcontroller.

Figures 12 through 16 provide yet another example of an advantage offered
with the improved receptacle. Figures 12 through 16 illustrate an example of an
architecture and a method for measuring energy use at each receptacle. Using the
improved receptacle to measure energy usage at an array of receptacles can be useful
in a variety of environments. Referring to the example of refrigerated shipping
containers, energy use per refrigerated container is covered in overhead cost to the
cargo owner (at a flat price). At the same time, refrigerated containers are becoming
more efficient (more efficient refrigeration units, better insulation, etc.), but the cargo
owners are seeing no benefit from the use of the efficient containers — they are billed
the same as cargo owners that use old, inefficient containers that consume more
energy. The improved receptacle described herein can support a metering solution,
and therefore can provide power monitoring and capture energy use per container.
The metering solution using the improved receptacle provides the platform for
sending metering information to a billing system that can bill each container owner
for the container’s individual energy consumption.

Referring to Figure 12, an example architecture for such a metering system is
illustrated. Figure 12 shows loads A, B, C, and D with varying levels of energy
consumption. While in this example loads A, B, C and D represent refrigerated
shipping containers, in other embodiments the loads can be other types of devices.
Each load illustrated in the example in Figure 12 has an associated receptacle with a
microcontroller. Also associated with each receptacle is a metering device for
measuring the amount of energy consumed at each receptacle over a defined time.

The metering device can be implemented as part of the microcontroller or as a
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separate component that is in communication with the microcontroller. The
microcontroller collects the energy consumption data from the metering device and
communicates the data via a wired or wireless connection to a remote computing
system represented by the cloud database 1205. The remote computing system 1205
can execute a billing process 1210. As illustrated in the example in Figure 12, the
billing process can begin when a refrigerated container or other load is plugged into a
receptacle.

As shown in Figure 13, the next step of the example billing system process
includes obtaining data about the container from an automation system 1215 that
stores the container identification and location information. As shown in Figures 14
~and 15, when the refrigerated container is unplugged from the receptacle, the next
step of the billing process is initiated and the data showing the energy consumed by
the container is used to complete the billing process. Lastly, in Figure 16, the bill for
the energy consumed by the container is determined and sent to the owner of the
container. Those in the field will recognize that the architecture apd method shown in
Figures 12 through 16 are merely examples and that other methods for metering and
billing can be accomplished with the improved receptacle disclosed herein.

Although the inventions are described with reference to example
embodiments, it should be appreciated by those skilled in the art that various
modifications are well within the scope of the invention. From the foregoing, it will
be appreciated that an embodiment of the present invention overcomes the limitations
of the prior art. Those skilled in the art will appreciate that the present invention is
not limited to any specifically discussed application and that the embodiments
described herein are illustrative and not restrictive. From the description of the
example embodiments, equivalents of the elements shown therein will suggest
themselves to those skilled in the art, and ways of constructing other embodiments of
the present invention will suggest themselves to practitioners of the art. Therefore,

the scope of the present invention is not limited herein.
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CLAIMS

What is claimed is:

1. An interlocking socket for coupling to a connector of a load, the interlocking
socket comprising:

a receptacle configured to receive the connector;

a microcontroller coupled to the receptacle, the microcontroller operable for
testing for one or more faults in the connector, é conductor coupling the load and the

connector, or the load.

2. The interlocking socket of claim 1, wherein the one or more faults include a
bolted fault, a ground fault, one or more open phases, and an electrical arcing

condition.

3. The interlocking socket of claim 1, wherein interlocking socket further
comprises a breaker coupled to the receptacle and the microcontrpller, wherein the
microcontroller is further operable for preventing power from being delivered from
the breaker to the connector when a result of the testing performed indicates an unsafe

condition.

4. The interlocking socket of claim 1, wherein the microcontroller is operable for
testing one or more of:

a ground fault circuit interrupter within the breaker;

that the connector is grounded

a temperature within the receptacle; and

that the connector is completely inserted into the receptacle.

5. The interlocking socket of claim 3, wherein the microcontroller is mounted in
one of the following positions: to the exterior of the breaker, within the breaker,
within an enclosure surrounding the interlocking socket, or to the exterior of the

enclosure.
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6. The interlocking socket of claim 1, further comprising an indicator of a result of the testing

performed by the microcontroller, the indicator being visual, audible, or both visual and audible.

7. The interlocking socket of claim 1, wherein the microcontroller further comprises a
communication module for transmitting a result of the testing performed by the microcontroller to a

remote computer system.

8. The interlocking socket of claim 3, wherein the microcontroller is further operable for:
monitoring the breaker, the connector, the conductor, and the load after the breaker is closed; and
opening the breaker if a fault is detected, the fault being one or more of a bolted fault, a ground

fault, one or more open phases, and an electrical arcing condition.

9. The interlocking socket of claim 3, further comprising a signal transformer being coupled on a
first side to the interlocking socket at a first power cord conductor and a second power cord conductor and
the signal transformer being coupled to a second side of the interlocking socket at a first line conductor
and a second line conductor, wherein the breaker is located between the first side and the second side of

the interlocking socket.

10. The interlocking socket of claim 1, wherein the microcontroller performs the following steps:
measuring an amount of energy consumed by the load during a time period; and
transmitting the measured amount of energy consumed to a remote computer system that

comprises a billing system.

11. A switching device for coupling to a load, the switching device comprising:

a line conductor;

a power cord conductor;

a breaker disposed between the line conductor and the power cord conductor;

a microcontroller coupled to the breaker and the power cord conductor, the microcontroller
operable for testing for one or more faults in the power cord conductor or the load coupled to the power
cord conductor; and

a communication module coupled to the line conductor and the power cord conductor for

transmitting communication signals between the load and a remote device.

17



12. The switching device of claim 11, wherein the one or more faults include a bolted fault, a ground

fault, one or more open phases, and an electrical arcing condition.

13. The switching device of claim 11, wherein the microcontroller is mounted in one of the following
positions: to the exterior of the switching device, within an enclosure surrounding the switching device, or

to the exterior of the enclosure.

14. The switching device of claim 11, further comprising an indicator of a result of the testing

performed by the microcontroller, the indicator being visual, audible, or both visual and audible.

15. The switching device of claim 11, wherein the communication module further comprises a signal
transformer being coupled on a first side to the switching device at the power cord conductor and the
signal transformer being coupled to a second side of the switching device at the line conductor, wherein

the first side of the switching device is opposite the second side of the switching device.

16. An indicator device for coupling to a load, the indicator device comprising:

a line conductor;

a power cord conductor;

a breaker disposed between the line conductor and the power cord conductor;

a microcontroller coupled to the breaker and the power cord conductor, the microcontroller
operable for testing for one or more faults in the power cord conductor or the load coupled to the power
cord conductor;

a communication module coupled to the line conductor and the power cord conductor for
transmitting communication signals between the load and a remote device; and

an indicator for providing a result of the testing performed by the microcontroller, the indicator

being visual, audible, or both visual and audible.
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17. The indicator device of claim 16, wherein the one or more faults include a bolted fault, a ground

fault, one or more open phases, and an electrical arcing condition.

18. The indicator device of claim 16, wherein the microcontroller is mounted in one of the following

positions: to the exterior of the indicator device, within an enclosure surrounding the indicator device, or

to the exterior of the enclosure.

19. The indicator device of claim 16, wherein the communication module comprises a first signal

transformer, a second signal transformer, and a transceiver disposed therebetween.
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