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(57) Abstract: An electrical apparatus of an electrical power distribution network may be controlled by accessing, at a control sys -
tem, one or more operating parameters, the operating parameters being associated with the operation and control of the electrical ap -
paratus; adjusting one or more of the accessed operating parameters, the adjustment being based on data associated with the electric -
al apparatus; and generating a control signal for the electrical apparatus based on at least one adjusted parameter, the control signal
being sufficient to control the electrical apparatus in accordance with the adjusted operating parameter, where controlling the elec -
trical apparatus includes causing contacts of the electrical apparatus to disconnect from each other to prevent electrical current from
flowing through the electrical apparatus and causing the contacts of the electrical apparatus to connect to each other to allow current
to tlow through the electrical apparatus.
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CONTROLLING AN ELECTRICAL APPARATUS

CROSS-REFERENCE TO RELATED APPLICATION
This application claims the benefit of U.S. Provisional Application No. 62/321,556, filed
on April 12, 2016 and titled CONTROLLING AN ELECTRICAL APPARATUS, which is

incorporated herein by reference in its entirety.

TECHNICAL FIELD
This disclosure relates to a controlling an electrical apparatus, such as a recloser or a

switchgear.

BACKGROUND
Switchgears or reclosers may be used in an electrical power distribution network to
protect the network from electrical fault conditions, which may produce high current or voltage
transients. Under normal operating conditions, the recloser is closed, and electrical current flows
through the recloser. In response to detecting a fault condition, the recloser trips or opens to
prevent current from flowing through the recloser, and then opens and closes a number of times.
If the fault condition persists, the recloser remains open. If the fault condition clears, the recloser

closes and the distribution network resumes normal operation.

SUMMARY

In one general aspect, a system includes: an electrical apparatus configured to control the
flow of electricity in a power distribution network, the electrical apparatus including: a
communications interface and electrical contacts, the electrical contacts configured to connect to
each other to allow electricity to flow through the electrical apparatus and to disconnect from
each other to prevent electricity from flowing through the electrical apparatus; and a control
system for the electrical apparatus, the control system including: a data connection configured to
connect to the communications interface of an electrical apparatus and to receive electrical data
from the electrical apparatus; an identification module configured to produce an electrical
measurement based on electrical data received from the electrical apparatus through the data

connection; and an electronic storage and one or more electronic processors coupled to the
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electronic storage, the electronic storage including instructions that, when executed, cause the
one or more electronic processors to: identify the electrical apparatus based on the electrical
measurement, and adjust one or more operating parameters of the electrical apparatus based on
the identity of the electrical apparatus.

Implementations may include one or more of the following features. The electrical
apparatus may include one or more electrical or mechanical components, the one or more
electrical or mechanical components being associated with an electrical characteristic and at least
some of the electrical data from the electrical apparatus depends on the electrical characteristic,
and the identification module may be configured to produce an electrical measurement that
depends on the electrical characteristic. The identification module may include a network of
electrical components configured to produce a voltage based on the electrical data from the
electrical apparatus, and the electrical apparatus may be identified based on the voltage. The
identification module may include a network of electrical components configured to produce a
current based on the electrical data from the electrical apparatus, and the electrical apparatus may
be identified based on the current. The identification module may include a network of electrical
components, the network of electrical components may include at least one transistor.

In some implementations, identifying the electrical apparatus includes identifying the
electrical apparatus as a type of electrical apparatus. Identifying the electrical apparatus may
include identifying the electrical apparatus as a particular electrical apparatus.

The one or more operating parameters of the electrical apparatus that are adjusted based
on the identity of the electrical apparatus may include one or more of’ a reclose interval, the
reclose interval being a time during which the contacts of the electrical apparatus are
disconnected during a fault condition in the power distribution network, a time current curve
(TCC), the TCC being a time duration during which the contacts of the electrical apparatus are
connected during a fault condition, a temporal duration of a trip pulse, the contacts of the
electrical apparatus being configured to disconnect from each other in response to the trip pulse,
and a temporal duration of a close pulse duration, the contacts of the electrical apparatus being
configured to connect to each other in response to the close pulse. The electrical data received
from the electrical apparatus may include information indicating one or more of a time for the

contacts of the electrical apparatus to open and a time for the contacts to close, and one or more
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of the operating parameters are adjusted based on the information indicating the time for the
contacts to open or the time for the contacts to close.

The electrical data received from the electrical apparatus may include information
indicating one or more of a time for the contacts of the electrical apparatus to open and a time for
the contacts to close, and one or more of the operating parameters may be adjusted based on the
information indicating the time for the contacts to open or the time for the contacts to close.

The system also may include a temperature sensor positioned to measure a temperature at
the electrical apparatus, the temperature sensor being configured to provide the measured
temperature to the control system. The one or more operating parameters of the electrical
apparatus may be adjusted based on the identity of the electrical apparatus and the measured
temperature at the electrical apparatus.

The instructions to adjust one or more operating parameters of the electrical apparatus
may include instructions to cause one or more of the operating parameters to be updated to a
respective default setting. Adjusting one or more of the operating parameters of the electrical
apparatus may include adjusting at least one of the operating parameters based on an accessed
template associated with the electrical apparatus, and the electronic storage of the control system
may further include instructions that, when executed, cause the one or more processors to:
access the template associated with the electrical apparatus, the template including settings for
one or more of the operating parameters of the electrical apparatus; compare the settings for the
one or more of the operating parameters in the template to the default setting for the respective
parameter; determine whether the settings of the operating parameters in the template are
acceptable based on the comparison; and replace any operating parameters in the template that
are not acceptable with the default setting for that parameter. The template associated with the
electrical apparatus may be configured to be edited by an operator.

The electronic storage of the control system also may include instructions that, when
executed, cause the one or more processors to present an indication that one or more operating
parameters have been adjusted, the indication being perceivable to an operator of the system.

In some implementations, the system also includes a backup source of electrical power,
and the one or more operating parameters of the electrical apparatus may be adjusted based on

the identity of the electrical apparatus and the presence of the backup source of electrical power.
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The electronic storage of the control system may include instructions that, when
executed, cause the one or more processors to estimate an operating lifetime of the electrical
apparatus, and the one or more operating parameters of the electrical apparatus may be adjusted
based on the identity of the electrical apparatus and the estimated operating lifetime of the
electrical apparatus.

In another general aspect, a method of controlling an electrical apparatus of an electrical
power distribution network includes: accessing, at a control system, one or more operating
parameters, the operating parameters being associated with the operation and control of the
electrical apparatus; adjusting one or more of the accessed operating parameters, the adjustment
being based on data associated with the electrical apparatus; and generating a control signal for
the electrical apparatus based on at least one adjusted parameter, the control signal being
sufficient to control the electrical apparatus in accordance with the adjusted operating parameter,
where controlling the electrical apparatus includes causing contacts of the electrical apparatus to
disconnect from each other to prevent electrical current from flowing through the electrical
apparatus and causing the contacts of the electrical apparatus to connect to each other to allow
current to flow through the electrical apparatus.

Implementations may include one or more of the following features. The electrical
apparatus may be identified, at the control system, based on the data associated with the
electrical apparatus. An identification module may be activated at the control system, and
the data associated with the electrical apparatus may be received from the electrical apparatus,
the identification module may produce an electrical measurement based on the data received
from the electrical apparatus, and the electrical apparatus may be identified based on the
electrical measurement. The data associated with the electrical apparatus may be received from
an input interface at the control system. The data associated with the electrical apparatus and
received from an input interface may include user-defined settings for at least one of the
accessed operating parameters, and the user-defined settings may be compared to default settings
for the at least one of the accessed operating parameters, whether the user-defined settings are
acceptable may be determined based on the comparison, and the user-defined settings may be
replaced with the default settings if the user-defined settings are not acceptable.

In some implementations, the data associated with the electrical apparatus includes an

electrical signal from the electrical apparatus, and identifying the electrical apparatus includes:
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measuring a voltage, the measured voltage being based on the electrical signal from the electrical
apparatus, comparing the measured voltage to one or more threshold voltages, and identifying
the electrical apparatus based on the comparison.

The data associated with the electrical apparatus may include data indicating a condition
associated with the electrical apparatus, and one or more operating parameters may be adjusted
based on the condition, and the condition associated with the electrical apparatus may include
one or more of a temperature at the electrical apparatus, an expected remaining lifetime of the
electrical apparatus, and a status of an energy storage device at the control system.

The data associated with the electrical apparatus may include data received from the
electrical apparatus, and may include information indicating one or more of a time for contacts of
an interrupting module of the electrical apparatus to disconnect and a time for the contacts of the
interrupting module of the electrical apparatus to reconnect.

In another general aspect, a control system for an electrical apparatus of an electrical
power distribution network includes: a data connection configured to connect to a
communications interface of an electrical apparatus, the data connection being configured to
send information to and receive information from the electrical apparatus, the electrical
apparatus being configured to control whether electricity flows between a first portion of the
power distribution network and a second portion of the power distribution network; and
an electronic storage and one or more electronic processors coupled to the electronic storage, the
electronic storage including a template of settings for one or more operating parameters of the
electrical apparatus, and the electronic storage including instructions that, when executed, cause
the one or more electronic processors to: access data associated with the electrical apparatus;
identify the electrical apparatus based on accessed data; and determine whether to adjust one or
more of the operating parameters of the template based on the identity of the electrical apparatus.

Implementations may include one or more of the following features. The accessed data
associated with the electrical apparatus may be based on data received from the electrical
apparatus through the data connection. The control system also may include an identification
module configured to produce an electrical measurement based on the data received from the
electrical apparatus through the data connection, and the electrical apparatus may be identified
based on the electrical measurement. The control system may include an input interface

configured for manipulation by an operator of the control system, and the accessed data
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associated with the electrical apparatus may be based on data received from the input interface of
the control system, and the electrical apparatus may be identified based on the data received from
the input interface of the control system.

The data connection may include a wireless data connection. The data connection may
be a single control cable.

In another general aspect, an electrical apparatus includes an interrupting module
including contacts, the interrupting module being configured to control the flow of electricity in
a transmission path of an electrical power distribution network by connecting and disconnecting
the contacts; an environmental sensor positioned to measure an environmental condition external
to the electrical apparatus; and a control module coupled to interrupting module and the
environmental sensor through a data connection, the control module being configured to receive
data from the environmental sensor and to provide a control signal to the interrupting module to
cause the contacts of the interrupting module to disconnect in response to detecting a fault
condition and to connect after a reclose interval, the reclose interval being defined by one of a
plurality of operating parameters associated with the electrical apparatus, and the control module
is configured to compare the data received from the environmental sensor to a threshold to
determine whether to adjust any of the operating parameters.

Implementations of any of the techniques described herein may include an apparatus, a
control system, a system that includes a control system and an electrical apparatus, an electrical
apparatus, a device for protecting an electrical power distribution network, a kit for retrofitting a
control system, a recloser or switchgear with an integrated control system, instructions stored on
a non-transient machine-readable computer medium, and/or a method. The details of one or
more implementations are set forth in the accompanying drawings and the description below.

Other features will be apparent from the description and drawings, and from the claims.

DRAWING DESCRIPTION
FIG. 1 is a block diagram of an example of electrical power distribution network.
FIG. 2 is a block diagram of an example of a system for controlling electricity in an
electrical power distribution network.
FIGS. 3A-3C are block diagrams of example identification modules.

FIG. 4 is a flow chart of an example process for controlling an electrical apparatus.
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FIGS. 5A and 5B are flow charts of an example process for identifying an electrical

apparatus by determining the type of the electrical apparatus.

DETAILED DESCRIPTION

Referring to FIG. 1, a block diagram of an example electrical power distribution network
100, which includes electrical apparatus 130, is shown. The electrical apparatus 130 may be, for
example, a switchgear, a single-phase recloser, a triple single-phase recloser, or a three-phase
recloser. Techniques for adjusting the operating parameters of the electrical apparatus 130 are
disclosed. The operating parameters may be adjusted during operation of the electrical apparatus
130 and may be adjusted based on the identity of the electrical apparatus 130 and/or the
conditions under which the electrical apparatus 130 operates.

The electrical power distribution network 100 may be any network that transfers
electricity from a power source 101 to electrical equipment 102. The electrical power
distribution network 100 may be, for example, an electrical grid, and electrical system, or a
multi-phase electrical network that provides electricity to commercial and/or residential
customers. The power distribution network 100 may have an operating voltage of, for example,
at least 1 kilovolt (kV), up to 34.5 kV, up to 38 kV, or 69 kV or higher. The power distribution
network 100 may operate at a fundamental frequency of, for example, 50-60 Hertz (Hz).

The power source 101 may be any source of electrical power. The electrical equipment
102 may be any electrical equipment that receives electricity from the power source 101 and may
include electrical equipment that receives and transfers or distributes electricity to other
equipment in the power distribution network 100. For example, the electrical equipment 102
may include transformers, fuses, electrical machinery in a manufacturing facility, and/or
electrical appliances and devices in a residential building.

The power distribution network 100 transports electricity from a first portion 108 of the
network 100 to a second portion 109 of the network via a transmission path 106. The
transmission path 106 may include, for example, one or more transmission lines, electrical
cables, and/or any other mechanism for transmitting electricity. The flow of electricity between

the first portion 108 and the second portion 109 is controlled by a system 105, which includes a
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control system 120 that communicates with the electrical apparatus 130 through a data
connection 140.

The electrical apparatus 130 includes an interrupting module 132, which is capable of
interrupting (opening) and closing the transmission path 106. When the transmission path 106 is
open, current does not flow between the portions 108 and 109. When the transmission path 106
is closed, current flows between the portions 108 and 109. The interrupting module 132 may
include electrically conductive contacts that connect to close the transmission path 106, allowing
electrical current to flow through the electrical apparatus 130, and disconnect to open the
transmission path 106.

Under normal operating conditions, the interrupting module 132 is closed, and electricity
flows between the first portion 108 and the second portion 109. When a fault condition occurs,
the interrupting module 132 opens the transmission path 106 such that electrical current does not
flow through the electrical apparatus 130. After a brief amount of time, the interrupting module
132 closes the transmission path 106. If the fault condition persists, the interrupting module 132
opens the transmission path 106 again, but otherwise the interrupting module 132 recloses such
that electricity flows through the electrical apparatus 130 and the transmission path 106. In other
words, if the fault is persistent, the electrical apparatus 130 isolates the fault from the remaining
portions of the electrical power distribution network 100 by keeping the transmission path 106
open, but, if the fault is temporary, the electrical apparatus 130 reenergizes the transmission path
106 to restore service to the electrical equipment 102.

The control system 120 controls the operation of the interrupting module 132 through the
data connection 140, and thus the control system 120 also controls the flow of electricity from
the first portion 108 to the second portion 109. The control of the electrical apparatus 130 and
the interrupting module 132 is at least partially governed by one or more operating parameters.
The interrupting module 132 is capable of opening and closing the transmission path 106 in
response to a signal from the control system 120, and the operating parameters determine the
manner in which the interrupting module 132 opens and closes the transmission path 106. In
other words, the operating parameters allow more precise control of the interrupting module 132
and add functionality to the basic opening and closing action. By adjusting the operating
parameters, the operation of the interrupting module 132 may be tailored to the electrical

apparatus 130 and/or the conditions under which it operates.
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The operating parameters may include, for example, a reclose interval, which is a time
during which the interrupting module 132 is opened during a fault condition, and a time current
curve (TCC), which is a time during which the interrupting module 132 is closed during a fault
condition. When a fault is detected, the interrupting module 132 may be opened and closed a
pre-determined number of times. In a situation in which the fault is not cleared after the first
opening and closing, the first reclose interval may be shorter than subsequent reclose intervals to
provide more time for the fault to clear. Thus, the TCC and the reclose interval may have a
range of times that fully describe the opening and closing of the interrupting module 132 in
response to detecting a fault condition. The interrupting module 132 may open in response to
receiving a trip pulse from the control system 120, and the interrupting module 132 may close in
response to receiving a close pulse from the control system 120. The operating parameters
associated with the electrical apparatus 130 may include a temporal duration of the trip pulse and
a temporal duration of the close pulse.

The ideal or optimal settings of the operating parameters may depend on the internal
configuration of the electrical apparatus 130 and/or the environmental conditions under which
the electrical apparatus 130 is operating. The internal configuration may vary among types of
electrical apparatus or may be unique to a particular apparatus. Additionally, the ideal or optimal
settings of the operating parameters may be impacted by characteristics of the system 105, such
as the amount of life remaining on the electrical apparatus 130 and whether a backup source of
power is present in the system 105.

The control system 120 is capable of adjusting all or some of the operating parameters
while the electrical apparatus 130 is installed in the electrical power distribution network 100
and/or while the electrical apparatus 130 is in use. The control system 105 may identify the
electrical apparatus 130 as a certain type of electrical apparatus or as a unique electrical
apparatus and may adjust one or more of the operating parameters based on the identity of the
electrical apparatus 130. Additionally or alternatively, the control system 120 may receive data
from the electrical apparatus 130 and/or other sensors that inform the control system 120 of the
conditions under which the electrical apparatus 130 is operating, and the control system 120 may
adjust one or more of the operating parameters based on the conditions.

The control system 120 also may adjust the operating parameters based on data received

from the electrical apparatus 130, with or without identifying the electrical apparatus 130 or the
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conditions under which the electrical apparatus 130 operates. For example, the electrical
apparatus 130 may provide data indicating how long the electrical apparatus 130 takes to open
the transmission path 106 after receiving a trip pulse, and the control system 120 may adjust the
reclose interval (the time during which the electrical apparatus 130 is open) and/or the TCC (the
time during which the electrical apparatus 130 is closed) based on the actual time required to
open the transmission path 106.

Further, the control system 120 provides safeguards against incorrect end-user changes to
the operating parameters and incorrect automatic updates. For example, the control system 120
may determine that operating parameter settings provided by an end-user of the system 105 are
unsuitable for the electrical apparatus 130 and/or the conditions under which the electrical
apparatus 130 is operating. In these situations, the control system 120 may replace the settings
provided by the end-user with default settings under which the electrical apparatus 130 is known
or expected to perform optimally.

By adjusting the operating parameters to suit the electrical apparatus 130 and/or the
conditions, the control system 120 offers improved and more predictable performance and
greater reliability than a control system that controls the electrical apparatus without regard to the
identity and/or operating conditions of the electrical apparatus. Additionally, because the
operation of the entire network 100 is impacted by the performance of the system 105, improving
the performance of the system 105 also may improve the performance and reliability of the
network 100.

Referring to FIG. 2, a block diagram of an example system 205 is shown. The system
205 is used to control the flow of electricity between portions of an electrical power distribution
network. For example, the system 205 may be used in the power distribution network 100 (FIG.
1) as the system 105.

The system 205 includes a control system 220, which sends data to and receives data
from an electrical apparatus 230 via a data connection 240. The electrical apparatus 230 includes
an interrupting module 232, a driving module 234, and a communications interface 236. The
electrical apparatus 230 may be any type of apparatus that is capable of being controlled to open
and close a transmission path in a power distribution system. For example, the electrical
apparatus 230 may be a switchgear, a single-phase recloser, a triple single-phase recloser, or a

three-phase recloser.
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The system 205 also may include an environmental sensor 238. The environmental
sensor 238 may be any sensor that measures a characteristic of the environment in which the
electrical apparatus 230 operates. For example, the environmental sensor may measure
temperature or other weather conditions outside of the electrical apparatus 230. The
environmental sensor 238 is positioned at or near the electrical apparatus 230, and may be
positioned on the electrical apparatus 230. In some implementations, the environmental sensor
238 1s integrated with the control system 220 or the electrical apparatus 230. In other
implementations, the environmental sensor 238 is physically separate from the control system
220 and the electrical apparatus 230. Regardless, the environmental sensor 238 communicates
information about the environment to the control system 220. The environmental sensor 238
may communicate data to the control system 220 through a link 242. In implementations in
which the environmental sensor 238 is included in the electrical apparatus 230, the information
about the environment may be communicated to the control system 220 via the data connection
240 instead of or in addition to the link 242.

The link 242 and the data connection 240 may be any communication link capable of
transmitting information. The link 242 and/or the data connection 240 may be bi-directional and
may send information to and receive information from the control system 220. The link 242 and
the data connection 240 may be wireless, wired, or a combination of wireless and wired. In
some implementations, the data connection 240 is a single control cable connected between the
communications interface 236 of the electrical apparatus and the control system 220. The
communications interface 236 may be any interface capable of sending data to and receiving data
from an input/output interface 224 of the control system 220 via the connection 240. The
communications interface 236 may connect to a physical cable or may be an interface that allows
wireless communications.

The electrical apparatus 230 also includes the interrupting module 232 and the driving
module 234, which drives the interrupting module 232 in response to a control signal received
from the control system 220 via the data connection 240. The electrical apparatus 230 includes
an interrupting module 232 for each phase. Thus, a three-phase apparatus includes three
interrupting modules 232.

The interrupting module 232 is any mechanism or device that is capable of repeatedly

interrupting and reclosing a transmission path (such as a transmission line) in an electrical power
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distribution network. For example, the interrupting module 232 may be a vacuum interrupter.
The interrupting module 232 may include electrically conductive contacts that electrically couple
to the transmission path 106. When the contacts are connected, electricity flows through the
electrical apparatus 230. When the contacts are disconnected, electricity is prevented from
flowing through the electrical apparatus 230. The contacts of the interrupting module 232 may
be in a vacuum or a dielectric medium (such as, for example, oil, foam, gas, or a mixture of such
media) that quenches an arc that may form when the contacts disconnect. The interrupting
module 232 also may include sensing current transformers for sensing the amount of current that
flows in each phase in the transmission path 106 and/or sensors that monitor the position of the
contacts of the interrupting module 232. The amount of current sensed by the current
transformers is provided to the control system 120 via the data connection 140. The position
sensors provide position data to the control system 120 via the data connection 140, and the
control system 120 may use the position data to determine, for example, the time required to
open and close the contacts.

The driving module 234 may include passive and/or active electrical and/or mechanical
components that drive the interrupting module 232 to open or close in response to a control
signal from the control system 220. For example, in some implementations, the driving module
234 may include capacitors that provide energy to the interrupting module 232 for closing or
opening the contacts. In some implementations, the driving module 234 includes magnets. The
driving module 234 may include resistors, inductors, and other passive electronic components.
In some implementations, the driving module 234 includes devices that store mechanical energy,
such as springs. In some implementations, the driving module 234 includes a motor.

The components of the driving module 234 have an electrical characteristic that varies
depending on the specific components and their arrangement relative to each other. For
example, the components of the driving module 234 may have a collective impedance that
depends on the nature and arrangement of the individual parts that make up the driving module
234. Because the specific components vary among different types of electrical apparatuses, the
electrical characteristic of the components of the driving module 234 may vary among different
types of electrical apparatuses.

A manufacturer may produce many types of electrical apparatuses, and an existing

electrical power distribution network may have many of the types of electrical apparatus already
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in service. The specific configuration of the interrupting module 232 and the driving module 234
may vary among the types of electrical apparatuses. Additionally, within a particular type of
electrical apparatus, individual electrical apparatuses may differ from a nominal electrical
apparatus of that type. However, the control system 220 is able to improve the operation of any
of these various types of electrical apparatuses by adjusting the parameters of the electrical
apparatus based on the identity of the electrical apparatus 230 and/or its operating conditions.

The system 205 also includes the control system 220. The control system 220 and the
electrical apparatus 230 may be physically separated from each other. For example, the
electrical apparatus 230 may be mounted near the top of a utility pole or other structure
associated with overhead power lines, and the control system 220 may be mounted on the same
pole or structure near the ground to facilitate operator access to the control system 220. In
another example, the control system 220 may be located at a utility station that is remote from
the electrical apparatus 130, with the data connection 240 being a wireless connection. In yet
other implementations, the control system 220 is integrated with the electrical apparatus 230
such that the system 205 forms a single, self-contained device. In implementations in which the
control system 220 is integrated with the electrical apparatus 230, the control system 220 and the
electrical apparatus 230 communicate data via the data connection 240, but the control system
220 and the electrical apparatus 230 are part of the same device and may be received in, for
example, a single integrated housing.

The control system 220 may include an identification module 222, a fault sensing module
223, an input/output (I/O) interface 224, an energy storage device 225, an electronic processor
226, and an electronic storage 228. The identification module 222 identifies the electrical
apparatus 230. The identification module 222 may be a collection of active (such as transistors
and operational amplifiers) and passive electronic components (such as resistors) that convert or
modify a current or a voltage signal received from the electrical apparatus 230 into a current or
voltage signal that has a magnitude indicative of the components included in the driving module
234 and/or the interrupting module 232 of the electrical apparatus 230. The identification
module 222 may be activated by a test signal (for example, a voltage or a current) and produce a
signal (for example, a voltage or current) in response. As discussed above, the interrupting
module 232 and the driving module 234 may differ among the various types of electrical

apparatuses. Thus, the voltage or current signal produced by the identification module 222 in
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response to the test signal may be used to identify the electrical apparatus 230 as a particular type
of electrical apparatus or as an electrical apparatus that has certain characteristics. FIGS. 3A-3C
provide examples of the identification module 222.

The control system 220 also includes a fault sensing module 223, which determines
whether a fault condition is present. For example, the fault sensing module 223 may detect a
fault based on the current measurements provided by the sensing current transformers in the
interrupting module 232. The fault sensing module 223 may determine that a fault is present
when the current exceeds a predetermined threshold level. When a fault is detected, the control
system 220 issues a command or control signal to the electrical apparatus 230 to open the
interrupting module 232.

The I/O interface 224 may be any interface that allows a human operator and/or an
autonomous process to interact with the control system 220. The I/O interface 224 may include,
for example, a display, a keyboard, speakers, a serial or parallel port, a Universal Serial Bus
(USB) connection, and/or any type of network interface, such as, for example, Ethernet. The I/O
interface 224 also may allow communication without physical contact through, for example, an
IEEE 802.11, Bluetooth, or a near-field communication (NFC) connection. The control system
220 may be programed by an operator or receive an update through the I/O interface 224. The
I/0O interface 224 may allow an operator to enter settings for operating parameters directly into
the control system 220. In some implementations, an operator may enter the identity of the
electrical apparatus 230 through the I/O interface 224. In these implementations, the operator
manipulates the I/O interface 224 to enter data into the control system 220, and the I/O interface
224 may include a physical panel or a graphical user interface that is presented on a display.
Additionally, the operator or an autonomous process may access information about the system
205, such as data from the electrical apparatus 230 or the environmental sensor 238, through the
I/0O interface 224. The I/0O interface 224 also couples to the data connection 240 to send data to
and receive data from the communications interface 236 of the electrical apparatus 230.

The I/O interface 224 also may allow the control system 220 to communicate with
systems external to and remote from the system 205. For example, the I/O interface 224 may
include a communications interface that allows communication between the control system 220
and a remote station 203, or between the control system 220 and an electrical apparatus other

than the apparatus 230, through the I/O interface 224 using, for example, the Supervisory
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Control and Data Acquisition (SCADA) protocol or another services protocol, such as Secure
Shell (SSH) or the Hypertext Transfer Protocol (HTTP).

Under normal operations, the control system 220 may receive power from the
transmission path 106. However, the control system 220 also may include an energy storage
device 225, which may power the control system 220 when electricity is not flowing in the
transmission path 106. Thus, the energy storage device 225 allows the control system 220 to
continue to operate during a fault condition when the transmission path 106 is open.
Additionally, the energy storage device 225 may provide charge to storage elements (such as
capacitors) in the driving module 234 of the electrical apparatus 230. The charge may be
provided through the data connection 240 or through a separate connection. The energy storage
device 225 may be any device that is capable of storing electrical charge and powering the
control system 220. For example, the energy storage device 225 may be a battery.

The control system 220 also includes the electronic processor 226 and the electronic
storage 228. The electronic processor 226 may be may be one or more processors suitable for
the execution of a computer program such as a general or special purpose microprocessor, and
any one or more processors of any kind of digital computer. Generally, a processor receives
instructions and data from a read-only memory or a random access memory or both. The
electronic processor 226 may be any type of electronic processor, may be more than one
electronic processor, and may include a general purpose central processing unit (CPU), a
graphics processing unit (GPU), a microcontroller, a field-programmable gate array (FPGA),
and/or an application-specific integrated circuit (ASIC). The electronic storage 228 may be
volatile memory, such as RAM. In some implementations, the electronic storage 228 may
include both non-volatile and volatile portions or components. Examples of electronic storage
may include solid state storage, magnetic storage, and optical storage. Solid state storage may be
implemented in, for example, resistor-transistor logic (RTL), complementary metal-oxide
semiconductor (CMOS), or carbon nanotubes, and may be embodied in non-volatile or volatile
random-access memory.

The electronic storage 228 stores instructions, perhaps as a computer program, that, when
executed, cause the electronic processor 226 to interact with components in the control system
220 (such as the identification module 222 and the I/O interface 224), the electrical apparatus

230, and/or the remote station 203. For example, the instructions may cause the electronic
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storage 228 to store data received from the electrical apparatus 230 and settings for the operating
parameters of the electrical apparatus 230. The settings that are stored for the operating
parameters may be default settings that are suitable for use with any electrical apparatus, or the
default settings may be specific to a type of electrical apparatus or to a particular electrical
apparatus. The electronic storage 228 may store default settings for more than one type of
electrical apparatus, and the default settings may be stored in association with a particular
electrical apparatus.

In addition to storing settings for the operating parameters and instructions that cause the
electronic processor 226 to activate the driving module 234 and the interrupting module 232, the
electronic storage 228 also may store present and/or historical data pertaining to the electrical
apparatus 230 and/or the environmental sensor 238. For example, the environmental sensor 238
may measure the temperature just outside of the electrical apparatus 230 and provide the
measured temperature to the control system 220 via the data connection 240 or the link 242. The
electronic storage 228 may store the temperature measured at regular intervals over a preset time
period. The control system 220 may use such data to determine whether to adjust the operating
parameters.

In some implementations, the electronic storage 228 may store present and/or historical
values of the amount of current and/or voltage provided to the fault sensing module 223. The
electronic storage 228 also may store information and track data related to the lifetime of the
interrupting module 232 and the electrical apparatus 230. For example, the electronic storage
may track the number of times that the interrupting module 232 has opened, as well as a total
number of openings that the interrupting module 232 is expected to be able to perform.

Referring to FIGS. 3A-3C, block diagrams of example identification modules 322A-
322C, respectively, are shown. The identification modules 322A-322C are illustrated as being
part of a system 305, which is similar to the systems 105 (FIG. 1) and 205 (FIG. 2). The
identification modules 322A-322C may be used in the control systems 120 (FIG. 1) and 220
(FIG. 2). The identification modules 322A-322C also may be used for retrofitting an existing
control system. For illustration purposes, the identification modules 322A-322C are shown as
being part of the control system 220.

Referring to FIG. 3A, the identification module 322A receives a test signal at a test port

351 and produces an output signal at an output 352. The output signal may be an electrical
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signal capable of being measured or sensed, and may be considered to be an electrical
measurement. The test signal may be, for example, a current or a voltage produced by the
electronic processor 226. The test signal completes a circuit in the identification module 322A
such that a voltage or current from the electrical apparatus 230 is received at an input 353 via the
data connection 240. The amount of the voltage or current received from the electrical apparatus
230 depends on the configuration and content of the driving module 234 and/or the interrupting
module 232. The identification module 322 A produces the output signal at output 352 based on
the voltage or current received from the data connection 240. The identity of the electrical
apparatus 230 may be determined from the voltage or current at the output 352.

FIG. 3B is a block diagram of an identification module 322B, which is an example
implementation of the identification module 322A. The identification module 322B includes
resistive elements R1-R4, an amplifier 354, and a switch 355. The resistive elements R1-R4 may
be, for example, resistors or networks of resistors. In some implementations, the resistive
element R1 has an impedance of 4-5 kilo Ohms (kQ). The amplifier 354 may be, for example,
an operational amplifier. The switch 355 may be a voltage-controlled switch, such as a
transistor, that passes current when the voltage of the input signal exceeds a threshold. For
example, the switch 355 may be a metal-oxide—semiconductor field-effect transistor (MOSFET)
arranged such that the input test signal is provided to the gate (351B). The switch 355 connects
the resistive element R1 to ground when the voltage of the input signal exceeds a threshold
voltage associated with the MOSFET. A voltage or current from the electrical apparatus 230
may be received at input 353B. When the switch 355 connects the resistive element R1 to
ground, an output signal based on a voltage or current from the electrical apparatus 230 is
produced at an output 352B. The output signal may be a voltage or a current. The value of the
voltage or current at the output 352 is used to distinguish the electrical apparatus 230 as a type of
electrical apparatus. For example, the identification module 322B may be used to distinguish a
W type recloser from a NOVA type recloser. Both of these types of reclosers available from
Eaton’s Cooper Power Systems of Waukesha, Wisconsin.

FIG. 3C is a block diagram of another example identification module 322C. The
identification module 322C includes switches 355B-1, 355B-2, 355C-1, and 355C-2, and
resistive elements R5-1, R5-2, R6-1, R6-2, and R7-1, R7-2. The switches 355B-1, 355B-2,
355C-1, and 355C-2 may be, for example, MOSFETs. A reference voltage Vr is provided to the
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module 322C. When a test input voltage is provided to a test input 351C-1, the switch 355B-1
connects the resistive element R7-1 to ground, and the switch 355C-1 turns on. When a test
input voltage is provided to a test input 351C-2, the switch 355B-2 connects the resistive element
R7-2 to ground, and the switch 355C-2 turns on. When current flows through the switch 355C-
1, a voltage is formed at 352C, and the value of the voltage at 352C depends on the reference
voltage Vg, the impedance of the resistive element R5-1, and the impedance of the driving
module 234. Because the impedance of the driving module 234 may be different in different
electrical apparatuses, and the impedance of R5-1 and value of the reference voltage Vr are
known, the voltage at 352C may vary depending on the electrical apparatus 230 and may be used
identify the electrical apparatus 230. When current flows through the switch 355C-2, a voltage
is formed at 352C, and the value of the voltage at 352C depends on the reference voltage Vg, the
impedance of the resistive element R5-2, and the impedance of the driving module 234. Because
the impedance of the driving module 234 may be different in different electrical apparatuses, and
the impedance of R5-2 and value of the reference voltage Vr are known, the voltage at 352C
may vary depending on the electrical apparatus 230 and may be used identify the electrical
apparatus 230.

Current may flow through either or both of the switches 355C-1 and 355C-2 depending
on the specific configuration of the module 322C and the value of the test signals provided at
351C-1 and 351C-2. In some implementations, each of the resistive elements R5-1, R5-2, R7-1,
and R7-2 are 10 kQ resistors, and the resistive elements R6-1 and R6-2 are 5 kQ resistors. Other
values may be used for any of the resistive elements, and any of the resistive elements may have
a different impedance than the other resistive elements. The test input voltages received at
351C-1 and 351C-2 may have the same or different voltages. The identification module 322C
may be used, for example, to distinguish between ACT-1 and ACT-2 type reclosers, both of
which are available from Eaton’s Cooper Power Systems of Waukesha, Wisconsin.

The identification modules 322B and 322C are provided as examples. Other
identification modules having different configurations and/or different components may be
included in the control system 220 to identify the elect