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(57) Abstract: Disclosed herein are intelligent electronic devices configured
for monitoring an electric power deliver system and for determining a plural-
ity of configuration settings based on measurements from the electric power
delivery system. An IED may identify a configuration event, obtain a plurality
of electrical parameters associated with the configuration event, determine a
plurality of configuration parameters from the electrical parameters, determ-
ine a plurality of configuration settings based on the configuration paramet -
ers, and apply the settings to the IED. The 1IED may also be configured to ini-
tiate the configuration event by openina a single pole of a multi-phase power
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Automatically Configurable Intelligent Electronic Device
Technical Field

[0001] This disclosure relates to an automatically configurable intelligent electronic
device (IED). More particularly, this disclosure relates to an automatically configurable
IED for protecting an electrical power line in an electric power transmission or

distribution system (delivery system).

Brief Description of the Drawings

[0002] Non-limiting and non-exhaustive embodiments of the disclosure are described,
including various embodiments of the disclosure with reference to the figures, in which:
[0003] Figure 1A illustrates a flowchart of a method for automatically configuring an
intelligent electronic device (IED) for protecting an electrical power line in an electric
power delivery system in connection with a user initiated configuration event consistent
with the present disclosure.

[0004] Figure 1B illustrates a flowchart of a method for automatically configuring an
IED for protecting an electrical power line in an electric power delivery system in
connection with an unplanned configuration event consistent with the present
disclosure.

[0005] Figure 1C illustrates a flowchart of a method for automatically configuring an
IED for protecting an electrical power line in an electric power delivery system in
connection with an unbalance condition consistent with the present disclosure.

[0006] Figure 2 illustrates a graph over time of current and voltage values of a faulted
phase of an electric power distribution system during pre-fault, fault, and post-fault
consistent with various embodiments of the present disclosure.

[0007] Figure 3A illustrates a two terminal electric power distribution system with
three phases, in which one pole is open at one terminal consistent with various
embodiments of the present disclosure.

[0008] Figure 3B illustrates a symmetrical component network representation of the
electric power distribution system of Figure 3A.

[0009] Figure 4 illustrates a two-terminal electric power distribution system protected
by a plurality of IEDs consistent with various embodiments of the present disclosure.
[0010] Figure 5 illustrates a functional block diagram of an IED configured to

automatically determine a plurality of configuration parameters based upon a
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configuration event consistent with various embodiments of the present disclosure.

Detailed Description

[0011] The present disclosure describes a variety of systems and methods for
automatically configuring a protective relay associated with an electrical power line.
According to various embodiments, configuration parameters may be determined
during configuration events. A configuration event may include single pole open
condition at one terminal or a specifically designated test command, according to
various embodiments. Configuration parameters, according to various embodiments,
may include a positive sequence line impedance value and a zero sequence line
impedance value.

[0012] Based on the configuration parameters, automatically determined relay
settings may be used to configure a protective relay. The relay settings may be
determined based upon the configuration parameters, and may include settings such as
distance and directional element settings. Certain embodiments may allow a user to
automatically or manually configure an intelligent electronic device (IED) based on the
configuration parameters. In some embodiments, the automatically determined relay
settings may be provided to the user in the event that the user elects to manually
configure the IED. The user may therefore be able to compare the automatically
determined relay settings with the manually configured relay settings.

[0013] According to some embodiments, the IED may generate a report showing
automatically determined relay settings and other related information. For example,
alternative or in addition to the automatically determined relay settings, the report may
include measurements associated with the settings, a distance element(s), a directional
element(s) and/or permissive trip scheme settings.

[0014] Certain embodiments consistent with the present disclosure may include IEDs
installed at terminals of a power line that exchange time-synchronized current and
voltage measurements. Voltage measurements may be acquired using line side
potential transformers. Current measurements may be acquired using current
transformers. Further, breakers may be configured to perform single-phase pole
opening and closing based upon control actions generated by the IEDs.

[0015] The embodiments of the disclosure will be best understood by reference to the

drawings, wherein like parts are designated by like numerals throughout. It will be
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readily understood that the components of the disclosed embodiments, as generally
described and illustrated in the figures herein, could be arranged and designed in a
wide variety of different configurations. Thus, the following detailed description of the
embodiments of the systems and methods of the disclosure is not intended to limit the
scope of the disclosure, as claimed, but is merely representative of possible
embodiments of the disclosure. In addition, the steps of a method do not necessarily
need to be executed in any specific order, or even sequentially, nor need the steps be
executed only once, unless otherwise specified.

[0016] In some cases, well-known features, structures or operations are not shown or
described in detail. Furthermore, the described features, structures, or operations may
be combined in any suitable manner in one or more embodiments. It will also be
readily understood that the components of the embodiments as generally described
and illustrated in the figures herein could be arranged and designed in a wide variety of
different configurations.

[0017] Several aspects of the embodiments described will be illustrated as software
modules or components. As used herein, a software module or component may
include any type of computer instruction or computer executable code located within a
memory device over a system data bus or wired or wireless network. A software
module or component may, for instance, comprise one or more physical or logical
blocks of computer instructions, which may be organized as a routine, program, object,
component, data structure, etc., that performs one or more tasks or implements
particular abstract data types.

[0018] In certain embodiments, a particular software module or component may
comprise disparate instructions stored in different locations of a memory device, which
together implement the described functionality of the module. Indeed, a module or
component may comprise a single instruction or many instructions, and may be
distributed over several different code segments, among different programs, and across
several memory devices. Some embodiments may be practiced in a distributed
computing environment where tasks are performed by a remote processing device
linked through a communications network. In a distributed computing environment,
software modules or components may be located in local and/or remote memory
storage devices. In addition, data being tied or rendered together in a database record

may be resident in the same memory device, or across several memory devices, and
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may be linked together in fields of a record in a database across a network.
[0019] Embodiments may be provided as a computer program product including a
non-transitory computer and/or machine-readable medium having stored thereon
instructions that may be used to program a computer (or other electronic device) to
perform processes described herein. For example, a non-transitory computer-readable
medium may store instructions that, when executed by a processor of a computer
system, cause the processor to perform certain methods disclosed herein. The non-
transitory computer-readable medium may include, but is not limited to, hard drives,
floppy diskettes, optical disks, CD-ROMs, DVD-ROMs, ROMs, RAMs, EPROMs,
EEPROMSs, magnetic or optical cards, solid-state memory devices, or other types of
media/machine-readable medium suitable for storing electronic and/or processor
executable instructions.
[0020] Figure 1A illustrates a flowchart of a method 100 for automatically configuring
an |ED for protecting an electrical power line in an electric power delivery system
consistent with the present disclosure. An electric power delivery system may include
electric power generation, distribution, transmission, consumption, or the like, with
associated electric power generation, distribution, and/or transmission systems.
According to the illustrated embodiment, method 100 begins at 102 by issuing a
command to create a configuration event. As discussed below, in certain
embodiments, the configuration event may be unplanned. In other words, a method
may await the occurrence of a configuration event, and upon the occurrence of such an
event, elements 112 and 116-122 of method 100 may be performed.
[0021] At 104, method 100 may determine whether an electrical transmission line
associated with the configuration event is loaded (i.e., whether current of a sufficient
magnitude is flowing through the line or voltage angle between the two terminals is
greater than a threshold). If the line is not loaded, method 100 may terminate. As used
herein, an electrical power line may refer to a plurality of power lines, each of which is
configured to transmit power on one phase in a multi-phase electrical distribution
system. If the electrical power line is loaded, a command may be generated at 106 to
open a single pole of the power line. According to some embodiments, the command
issued at 106 may comprise an instruction to a breaker or a recloser to open.
[0022] At 108, method 100 may determine whether an open-pole condition is detected

on the phase commanded to open. If the open-pole condition is not detected, at 110,
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method 100 may determine whether a time period from the open command is greater
than a predetermined period of time (e.g., T1). If the time period exceeds T1, method
100 may terminate. If the period time does not exceed T1, method 100 may return to
108.

[0023] During the single pole open condition, a plurality of local and remote voltage
and current measurements may be obtained, at 112. According to various
embodiments, an IED implementing method 100 may receive voltage and current
measurements via a data network. The algorithm may utilize voltage and current
measurements from local and/or remote terminals. According to some embodiments,
an IED implementing method 100 may comprise a sensor component that permits the
IED to measure electrical parameters (e.g., voltages and/or currents), and thus may
allow the IED to obtain local measurements that may be used in connection with
method 100. After the data values are collected, at 114, a command may be issued to
close the pole that was opened at 106. According to the illustrated embodiment, the
command to close the pole may be issued after a predetermined time period Ta.
[0024] At 116, method 100 may calculate a plurality of configuration parameters.
According to one embodiment, the configuration parameters may include a positive
sequence line impedance value of the electrical power line and a zero sequence line
impedance value of the electrical power line. The positive sequence line impedance
and the negative sequence line impedance may be set to the same value. The positive
line impedance value may be calculated using Equation 1.

V2x? —V2y? Eq. 1

2x *V2y — 12y * V2x

where:

V2x is a negative sequence voltage at a local
terminal, as shown in Figure 3B;

V2y is a negative sequence voltage at a remote
terminal;

12x is a negative sequence current calculated at the
local terminal; and

12y is a negative sequence current calculated at the

remote terminal.
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The zero sequence line impedance value may be calculated using Equation 2.
V0x? — V0y? Eq. 2
10x * VOy — [0y * VOx

where:

V0x is a zero sequence voltage calculated at the
local terminal, as shown in Figure 3B;

VO0y is a zero sequence voltage calculated at the
remote terminal;

10x is a zero sequence current calculated at the
local terminal; and

10y is a zero sequence current calculated at the
remote terminal.

[0025] For the single-pole open method, Equation 3 may be used to calculate
positive-, and negative-sequence impedance values:

V2y — V2
g1, <YV o) Eq.3
12y

where:

Z1L is a positive sequence line impedance;

Z2L is a negative sequence line impedance;

V2y is a negative sequence voltage calculated at
the remote terminal;

V2x is a negative sequence voltage calculated at
the local terminal; and,

I2y is a negative sequence current calculated at the
remote terminal.

5 The zero sequence line impedance value may be calculated using Equation 4.

_ (VOy —VOx) Eq. 4
B 10y

Z0L

where:
Z0L is a zero sequence line impedance;

VOy is a zero sequence voltage calculated at the
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remote terminal;
VOx is a zero sequence voltage calculated at the
local terminal; and,
I0y is a zero sequence current calculated at the

remote terminal.

[0026] According to certain embodiments including shunt reactors at the terminals,
Equation 1 and Equation 2 may be compensated to remove the current through the line
reactor. This can be done using the voltage measurement at the terminal and the
impedance of the shunt reactor. More specifically, the term [2x in Equation 1 may be
replaced by I2xc, which determined using Equation 5.

V2x Eq. 5
Reactor Impedance

[2xc = [2x —

[0027] At 118, configuration settings may be determined. According to various
embodiments, the configuration settings may include settings for a distance element
and/or a directional element. The distance elements, according to some embodiments,
may comprise a plurality of zone reach settings.

[0028] At 120, a report may be generated that includes the configuration parameters
and/or the configuration settings. According to some embodiments, a report may be
automatically generated, such that a report is created upon the occurrence of a
configuration event.

[0029] At 122, the IED may be configured using the configuration settings. The
configuration settings may, according to some embodiments, comprise settings for one
or more distance elements and one or more directional elements. The distance
elements, according to some embodiments, may comprise a plurality of zone reach
settings. After configuring the IED, the method 100 may terminate.

[0030] According to one embodiment, the IED may be configured to calculate the
configuration settings, and wait for user input before applying the calculated
configuration settings. According to this embodiment, once the IED calculates the
configuration settings, the IED may send a report to a user detailing the calculated

configuration settings and the previous configuration settings (if available). The IED
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may then wait for an approval by a user before applying the calculated configuration
settings. The user may approve the calculated configuration settings using a human-
machine interface such as the front panel of the relay, using setting software, using a
remote log in, or the like. According to another embodiment, the IED may apply the
calculated configuration settings and send a report including the calculated
configuration settings and the previous configuration settings (if available) to a user.
Such reports may be sent via a communications network, email, displayed on a human-
machine interface, or the like.

[0031] Figure 1B illustrates a flowchart of a method 150 for automatically configuring
an |ED for protecting an electrical power line in an electric power delivery system in
connection with an unplanned configuration event consistent with the present
disclosure. As illustrated, the elements of method 150 primarily include a subset of the
elements described in connection with method 100, as illustrated in Figure 1A.
Although many elements are the same, element 105 is unique to method 150. At 105,
method 150 may determine whether a single open-pole condition is detected. The
condition may be detected using a variety of methods. For example, in one
embodiment, a single open-pole condition is detected at the local terminal where a
voltage measurement exceeds a threshold and a single pole open condition exists at
the local terminal. In another embodiment, a single open-pole condition may be
detected based upon a signal from a remote terminal indicating a three pole closed
condition and a single pole open condition at the local terminal. As described below in
connection with Figure 2, a single open-phase condition may occur in connection with
reclose operations. A reclose operation may occur, for example, after a fault. If the
single open pole condition is not detected, the method may end. If the single open pole
condition is detected, the method may continue to step 112 as described above.
[0032] Figure 1C illustrates a flowchart of a method 160 for automatically configuring
an |IED for protecting an electrical power line in an electric power delivery system in
connection with an unplanned configuration event consistent with the present
disclosure. As illustrated, the elements of method 160 primarily include a set of
elements similar to those described in connection with method 150, as illustrated in
Figure 1B. Although many elements are the same, element 165 is unique to method
160. At 165, method 160 may determine whether an unbalance condition is detected.

An unbalance condition may be any that results in levels of negative sequence current
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and/or voltage above nominal levels of such. For example, an open pole condition,
such as that detected in conjunction with method 150 may result in unbalance. An
unbalance condition may result from, for example, an external unbalance condition, a
single-phase-to-ground fault, a phase-to-phase fault, a phase-to-phase-to-ground fault,
and the like. If the method 160 does not detect an unbalance condition 165, the
method may end. Upon detection of the unbalance condition 165, the method 160 may
continue to step 112 as described above.

[0033] Figure 2 illustrates a graph 200 over time of current and voltage values of one
phase of an electric power distribution system during pre-fault, fault 250, and post-fault
consistent with various embodiments of the present disclosure. Attime 202, a single
phase to ground fault, may occur. In response, |IEDs at both terminals of the power line
may open breakers and issue a reclose command in a lead-follower fashion. The
scenario illustrated in Figure 2 provides a window of time where one pole at one of the
line terminals is open. A scenario, such as that illustrated in Figure 2, may be referred
to as a configuration event because data collected during this period may allow an IED
to collect information that may be used to generate configuration settings.

[0034] During time period 204, an open pole condition exists at one terminal, as
shown by the digital status indicator 206. Data collected during time period 204 may be
used to calculate configuration parameters. The data may, according to some
embodiments, be collected from a local terminal and a remote terminal. Based upon
the data, a plurality of configuration parameters may be determined. In some
embodiments, the configuration parameters may include the positive and zero
sequence impedance values of the electrical power line. The configuration parameters
may be used to determine a plurality of configuration settings, such as distance and
directional element settings.

[0035] Figure 3A illustrates a two terminal electric power distribution system 300 with
three phases, in which one pole is open at one terminal consistent with various
embodiments of the present disclosure. In delivery systems with single pole breaker
capability, having an open pole at one terminal is a feasible system condition during
reclose conditions. The open pole on breaker 304 is associated with power line 302.
[0036] According to some embodiments, the configuration illustrated in Figure 3A
may be intentionally created to obtain data for use in configuring an IED using the

systems and methods disclosed herein. Alternatively, the configuration illustrated in
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Figure 3A, may be an unplanned condition that occurs during the operation of the
electric power distribution system 300. In the circumstance in which the condition is
unplanned, system 300 may be configured to identify the occurrence of such a
condition, and upon identification of the condition, to obtain data values that may be
used to perform automatic configuration of IEDs using the systems and methods
disclosed herein.

[0037] Figure 3B illustrates a symmetrical component network representation 350 of
the electric power distribution system 300 of Figure 3A. Based upon the symmetrical
component network representation 350, Equations 1-4, as set forth above, may be
used to calculate a negative sequence impedance value and a zero sequence
impedance value of the three phase electrical power line, respectively.
[0038] According to some embodiments, the negative sequence impedance value and
the zero sequence impedance value may be referred to as configuration parameters.
An IED may utilize the configuration parameters in order to determine (e.g.,
automatically determine or calculate) a plurality of configuration settings. According to
some embodiments, the configuration settings may also include parameters provided
by a user. For example, the user may provide configuration settings including:

e a current transformer ratio (CTR);

e potential transformer ratio (PTR);

e line length (LL); and/or

e line length units (LLUNIT).
[0039] Additional configuration parameters may be calculated and used in order to
determine a plurality of configuration settings. For example, the values ZIMAG, Z1ANG,
ZOMAG, and ZOANG may refer to the calculated positive sequence impedance
magnitude, angle and zero sequence impedance magnitude and angle, respectively.
These values may be further utilized to calculate secondary impedance magnitude, as

provided by Equation 6 and Equation 7.

Z1MAG Eq. 6

PTR
CTR

Z1MAG sec =

ZOMAG Eq.7

PTR
CTR

ZOMAG sec =

10
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[0040] According to some embodiments, the plurality of configuration settings may
include various distance settings. The distance settings may include a plurality of zone
reach settings. According to one specific embodiment, settings for three zones may be
established. In zone 1, an instantaneous tripping element may be set to 80% of
Z1MAG._sec, as provided in Equation 8.

Zlset = 0.8+ Z1MAG_sec Eqg. 8

Further, in zone 1 the value of k0set may be determined using Equation 9.

ZOMAG _sec x e/*20ANG _ 71 MAG_sec x e/*?14NG  EQ. 9

kOset = 3-Z1MAG_sec X eJ*Z1ANG

The value k0 may be used to determine the impedance to the fault, which may be
compared to the zone reach setting to determine if an event is in-zone or out-of-zone.
If the configured line length is less than a minimum length (e.g., 3.73 mi or 6.0 km),
zone 1 may be disabled. The zone 1 elements may be supervised with forward
directional elements.
[0041] For zones 2 and 3, settings for distance elements (such as zone 2 reach
(Z2set) or zone 3 reach (Z3set)) may be determined using Equation 10 and Equation
11, respectively.

Z2set = 1.2 %« ZIMAG _sec Eqg. 10

Z3set = 1.5 %« Z1IMAG _sec Eqg. 11

[0042] The plurality of configuration settings may further include directional settings,
according to some embodiments. Directional settings may be automatically determined
based on the negative-sequence or zero-sequence impedance of the electrical power
line. For a forward fault, negative- sequence or zero-sequence impedance seen by the
IED may be negative in non-series compensated lines. Similarly, for a reverse fault, the
negative- sequence or zero-sequence impedance seen by the IED may be positive in
non-series compensated lines. The forward and reverse negative- or zero-sequence
impedance settings for a directional element, according to one specific embodiment
involving a 5 Amp nominal current protective IED, may be 0 and 0.1 secondary Ohms,

respectively. Further, the negative or zero-sequence over-current supervision threshold
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may be set to 0.6 Amp and 0.4 Amp secondary for forward and reverse elements,
respectively. Exemplary settings for a negative-sequence directional element of a 5
Amp nominal current protective IED may be:

Z2Fset = 0.0,

Z2Rset = 0.1,

50QFset = 0.6, and

50QRset = 0.4.
The above settings may be related to the forward directional zone 2 setting (Z2Fset),
the reverse directional zone 2 setting (Z2Rset), the forward negative sequence
overcurrent setting (50QFset) and the reverse negative sequence overcurrent setting
(50QRset). The settings for a 5 Amp nominal current protective IED, as provided
above, may be scaled for relays configured for a greater or lesser nominal current,
according to some embodiments.
[0043] Figure 4 illustrates a two-terminal electric power distribution system 400 that
includes two generators 402 and 404 connected by an electrical power line 406.
Although illustrated in single-line form for purposes of simplicity, system 400 may be a
multi-phase system, such as a three-phase electric power delivery system. An
electrical power line 406 is monitored and protected by two IEDs 410 and 420. Each of
the IEDs 410 and 420 are in communication with a current transformer 414 and 424,
respectively, and a potential transformer 416 and 426, respectively.
[0044] Each of IEDs 410 and 420 are in communication with a Global Navigational
Satellite System (GNSS) receiver 412 and 422, respectively. GNSS receivers 412 and
422 may be configured to receive a time signal from a satellite 430. According to other
embodiments, a variety of common time sources may be used in place of GNSS
satellite 430. Some examples of a common time source include a WWVB or WWV
system, a network-based system such as corresponding with IEEE 1588 precision time
protocol, and/or the like. Other common time signal distribution configurations or
protocols may be used such as IRIG, distribution over SONET, Ethernet, SDH, or the
like. In one embodiment, the common time signal may be distributed using, for
example, the ICON® communication network available from Schweitzer Engineering
Laboratories, Inc. of Pullman, WA, USA.
[0045] A data communication channel 408 may allow IEDs 410 and 420 to exchange

information relating to, among other things, voltage and current measurements
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associated with electrical power line 406 and breaker status information. Breakers 428
and 430 may be disposed in communication with electrical power line 406, and may be
controlled by IEDs 410 and 420, respectively. Data communication channel 408 may
be embodied in a variety of media and may utilize a variety of communication protocols.
For example, data communication channel 408 may be embodied utilizing physical
media, such as coaxial cable, twisted pair, fiber optic, etc. Further, data communication
channel 408 may utilize communication networks such as Ethernet, SONET, SDH, or
the like, in order to communicate data. In further embodiments, data communication
channel 408 may be a wireless communication channel (e.g., a radio communication
channel) utilizing any suitable wireless communication protocol.

[0046] According to various embodiments consistent with the present disclosure, a
system 400 may be configured using at least two techniques consistent with the
present disclosure. First, IEDs 410 and 420 may be installed, and a configuration event
may be intentionally created. One embodiment of this technique is described in detalil
in connection with Figure 1A. As a result of the automatic configuration, IEDs 410 and
420 may be configured for protection of electrical power line 406.

[0047] Using a second technique, IEDs 410 and 420 may be set to default values or
may be set by the user and may await the occurrence of a configuration event. The
default values may be set in a conservative fashion. For example, the positive
sequence impedance magnitude is may be set based on line length and line length
units (e.g., 0.6 ohms/mi or 0.4 ohms/km). Zero sequence impedance may be set to
three times the positive sequence impedance, although other suitable values are also
contemplated. Line angles may be set based on a typical line angle (e.g., ZIANG=85°
or ZOANG=80°). Further, according to some embodiments utilizing this technique, a
user may be allowed to set the positive sequence and zero sequence impedance
values. The zone reach settings may be defaulted to 60%, 120% and 150%,
respectively, for zone 1, zone 2 and zone 3.

[0048] Upon the occurrence of a configuration event, such as a single pole open
configuration, system 400 may acquire a plurality of electrical parameters during the
configuration event that may be used to determine a plurality of configuration
parameters. One embodiment of this technique is described in detail in connection with
Figure 1B. Following the configuration event, the default values may be replaced by a
plurality of automatically determined configuration settings generated based upon the

13
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principles disclosed herein.
[0049] According to some embodiments, systems consistent with the present
disclosure may be implemented using software operating on a variety of computing
platforms, such as computer system 432. Software operating on computer system 432
may collect information from a plurality of IEDs in communication with an electric power
delivery system. Further, computer system 432 may be configured to provide a report
showing automatically determined relay settings and other related information.
[0050] Figure 5 illustrates a simplified functional block diagram of an IED 500
consistent with various embodiments of the present disclosure that is configured to
automatically determine a plurality of configuration parameters based upon a
configuration event. IED 500 includes a network interface 532 configured to
communicate with other IEDs and/or system devices. In certain embodiments, the
communications interface 532 may facilitate direct communication with another IED or
communicate with another IED over a communications network. Communications
interface 532 may facilitate communications with multiple IEDs.
[0051] IED 500 may further include a time input 540, which may be used to receive a
time signal (e.g., a common time reference) allowing IED 500 to apply a time-stamp to
the acquired samples. In certain embodiments, a common time reference may be
received via network interface 532, and accordingly, a separate time input may not be
required for time-stamping and/or synchronization operations. One such embodiment
may employ the IEEE 1588 protocol. Alternatively, a GNSS input 536 may be provided
in addition to, or instead of, a time input 540.
[0052] A monitored equipment interface 529 may be configured to receive status
information from, and issue control instructions to, a piece of monitored equipment
(such as a circuit breaker, recloser, or the like). According to certain embodiments, the
monitored equipment interface 529 may be configured to interface with a variety of
equipment of an electric power delivery system. In certain embodiments, the
equipment status information and control instructions may be communicated over the
communications network interface 532.
[0053] Processor 524 may be configured to process communications received via
network interface 532, time input 540, and/or monitored equipment interface 529.
Processor 524 may operate using any number of processing rates and architectures.

Processor 524 may be configured to perform various algorithms and calculations
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described herein. Processor 524 may be embodied as a general purpose integrated
circuit, an application specific integrated circuit, a field-programmable gate array, and/or
any other suitable programmable logic device.

[0054] In certain embodiments, IED 500 may include a sensor component 570. In the
illustrated embodiment, sensor component 570 is configured to gather data from a
conductor such as, for example, a power line (not shown) and may use, for example,
transformers 502 and 514 and A/D conversion 518 that may sample and/or digitize
filtered waveforms to form corresponding digitized current and voltage signals provided
to data bus 542. In various embodiments, the sensor component 570 may include
further signal processing such as low pass filters 508 and 516. A/D conversion 518
may be connected to processor 524 by way of data bus 542, through which digitized
representations of current and voltage signals may be transmitted to processor 524.
A/D conversion 518 may include a single A/D conversion or separate A/D conversions
for each incoming signal. A current signal may include separate current signals from
each phase of a three-phase electric power system. In various embodiments, the
digitized current and voltage signals may be used to determine a plurality of
configuration parameters as described herein.

[0055] In certain embodiments, a separate device may be used in place of the sensor
component 570 for providing signals from the electric power delivery system to the IED
500. Indeed, a separate device may be configured to obtain signals from the electric
power delivery system (such as voltage and/or current signals), and create digitized
representations of the signals (for example current and voltage signals), apply a time
stamp, and/or supply such information to IED 500. Further, the separate device may be
configured to supply equipment status and/or measurements such as voltage and/or
current magnitudes and/or angles along with time stamps to the IED 500. In certain
embodiments, the information that has been described as being received from the
sensor component 570 may instead be received from communications network
interface 532.

[0056] The computer-readable storage medium 526 may be the repository of one or
more modules and/or executable instructions configured to implement certain functions
described herein. For example, computer-readable storage medium 526 may include
configuration event module 550. Configuration event module 550 may be configured to

identify a configuration event based upon specified conditions. According to some
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embodiments, the configuration event module 550 may be configured to determine the
occurrence of a single pole open configuration. Upon the identification of a
configuration event, configuration event module 550 may further be configured to obtain
a plurality of electrical parameters associated with the configuration event. The
electrical parameters may comprise a plurality of local measurements and/or a plurality
of remote measurements of electrical conditions, such as voltage and current.

[0057] A configuration parameters module 552 may be configured to determine a
plurality of configuration parameters based upon the plurality of electrical parameters.
According to some embodiments, the configuration parameters may comprise a
positive sequence line impedance value and a zero sequence line impedance value of
an electrical power line.

[0058] A configuration settings module 554 may be configured to automatically
determine a plurality of configuration settings based upon the plurality of configuration
parameters. The configuration settings may, according to some embodiments,
comprise one or more distance elements and one or more directional elements. The
distance elements, according to some embodiments, may comprise a plurality of zone
reach settings.

[0059] A control instruction module 556 may be configured to issue appropriate
control instructions in order create a configuration event and/or to issue a command to
remedy a single pole open configuration. As described above, a configuration event
may be created according to certain embodiments, while in other embodiments, a
configuration event may be unplanned. In either case, control instruction module 556
may generate commands appropriate for the situation.

[0060] A communications module 558 may be configured to allow IED 500 to
communicate with any of a variety of external devices via network interface 532.
Communications module 558 may be configured for communication using a variety of
data communication protocols (e.g., IEEE C37.118, IEC 61850, etc.). A wide variety of
types of data may be transmitted, including control instructions, measured electrical
parameters, and the like.

[0061] Report generation module 560 may be configured to generate a variety of
reports relating to, among other things, the plurality of configuration parameters and/or
the plurality of configuration settings. Report generation module 560 may be

automated, according to various embodiments, such that event reports associated with
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configuration events, configuration parameters, and/or configuration settings may be
automatically generated. Further, report module 560 may operate in conjunction with
communication module 558 in order to transmit such reports to appropriate personnel
responsible for the operation of an affected electrical power delivery system.

[0062] While specific embodiments and applications of the disclosure have been
illustrated and described, it is to be understood that the disclosure is not limited to the
precise configuration and components disclosed herein. Various modifications,
changes, and variations apparent to those of skill in the art may be made in the
arrangement, operation, and details of the methods and systems of the disclosure
without departing from the spirit and scope of the disclosure.
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Claims

What is claimed:

1. A system for monitoring an electric power delivery system that includes a power
line, comprising:

a local intelligent electronic device (IED) in communication with a local portion of
the power line obtaining local electric power system measurements;

a remote IED in communication with a remote portion of the power line obtaining
remote electric power system measurements;

a communication system in communication with the local and remote IEDs for
transmitting the local and remote power system measurements;

a configuration event module configured to receive the local and remote power
system measurements and identify a configuration event therefrom;

a configuration parameters module configured to receive the local and remote
power system measurements and determine a plurality of configuration parameters
based thereon; and,

a configuration settings module configured to calculate a plurality of IED
configuration settings based on the plurality of configuration parameters.

2. The system of claim 1, wherein the local IED comprises the configuration event

module, the configuration parameters module, and the configuration settings module.

3. The system of claim 1, wherein the configuration event comprises a single pole
open condition.

4. The system of claim 1, wherein the configuration event comprises an unbalance
condition.
5. The system of claim 1, wherein the local IED is configured to initiate the

configuration event by opening a single pole of a circuit breaker on the power line.

6. The system of claim 1, wherein the configuration event comprises an unplanned

event.
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7. The system of claim 1, wherein the configuration parameters comprise one
selected from the group consisting of: positive sequence line impedance; zero
sequence line impedance; and combinations thereof.

8. The system of claim 7, wherein the positive sequence line impedance is equal
to:

V2x? — V2y?
12x xV2y — 12y * V2x

where:
V2x is a negative sequence voltage at a local terminal;
V2y is a negative sequence voltage at a remote terminal; and
12x is a negative sequence current calculated at the local terminal; and

12y is a negative sequence current calculated at the remote terminal.

9. The system of claim 7, wherein the zero sequence line impedance is equal to:

V0x? — V0y?
10x * VOy — 10y * VOx

where:
V0x is a zero sequence voltage calculated at the local terminal,
V0y is a zero sequence voltage calculated at the remote terminal; and
10x is a zero sequence current calculated at the local terminal; and

10y is a zero sequence current calculated at the remote terminal.

10.  The system of claim 7, wherein the positive sequence line impedance or
negative sequence line impedance are equal to:
(V2y — V2x)
12y
where:
V2y is a negative sequence voltage calculated at the remote terminal;
V2x is a negative sequence voltage calculated at the local terminal; and,

12y is a negative sequence current calculated at the remote terminal.

11.  The system of claim 7, wherein the zero sequence line impedance is equal to:
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(VOy — V0x)
T
where:
VOy is a zero sequence voltage calculated at the remote terminal;
VOx is a zero sequence voltage calculated at the local terminal; and

I0y is a zero sequence current calculated at the remote terminal.

12.  The system of claim 1, wherein the plurality of configuration settings comprise
settings for a distance element and a directional element.

13.  The system of claim 1, wherein the configuration settings comprise a plurality of

zone reach settings.

14.  The system of claim 1, wherein the configuration settings comprise forward and

reverse directional settings.

15.  The system of claim 1, wherein the local IED is configured to apply the plurality
of IED configuration settings.

16.  The system of claim 1, wherein the local IED is configured to apply the plurality
of IED configuration settings only after approval by a user.

17. A method for configuring an intelligent electronic device (IED) for protection of an
electric power line of an electric power delivery system; comprising:

a local IED obtaining local electric power delivery system measurements from a
local portion of the electric power line;

a remote |IED obtaining remote electric power delivery system measurements
from a remote portion of the electric power ling;

identifying a configuration event using the local electric power delivery system
measurements;

determining a plurality of configuration parameters based on the local and
remote electric power delivery system measurements;

calculating a plurality of IED configuration settings based on the plurality of

configuration parameters.
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18.  The method of claim 17, wherein the local IED performs the steps of identifying
the configuration event, determining the plurality of configuration parameters, and
calculating the plurality of IED configuration settings.

19.  The method of claim 17, wherein the configuration event comprises a single pole

open condition.

20. The method of claim 17, wherein the configuration event comprises an

unbalance condition.

21.  The method of claim 17, further comprising the step of the local IED initiating the

configuration event by opening a single pole circuit breaker on the power line.

22. The method of claim 17, wherein the configuration parameters comprise one
selected from the group consisting of: positive sequence line impedance; zero

sequence line impedance; and combinations thereof.

23. Anintelligent electronic device (IED) configured to monitor an electrical power
line, the IED further configured to automatically determine a plurality of configuration
parameters during a configuration event, the IED comprising:
a data bus;
a communications port configured to transmit and receive information with a data
network, the communications port in communication with the data bus;
a processor in communication with the data bus;
a non-transitory computer-readable storage medium in communication with the
data bus and comprising instructions that when executed cause the processor to:
identify a configuration event;
obtain a plurality of electrical parameters associated with the configuration
event;
determine a plurality of configuration parameters based upon the plurality
of electrical parameters;

automatically determine a plurality of configuration settings based upon
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the plurality of configuration parameters; and
configure the IED based on the plurality of configuration settings.
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