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TITLE

PROTECTIVE DEVICE WITH METERING AND OSCILLOGRAPHY

TECHNICAL FIELD
[0001] This disclosure relates to power system monitoring and protection and, in
particular, to oscillography and metering of power system stimuli.

BRIEF DESCRIPTION OF THE DRAWINGS
[0002] The accompanying drawings illustrate various exemplary embodiments of the
present system and method and are a part of the specification. Together with the
following description, the drawings demonstrate and explain the principles of the
present system and method. The illustrated embodiments are examples of the present
system and method and do not limit the scope thereof.
[0003] Figure 1A is a diagram of a power system comprising an arc flash detection
unit.
[0004] Figure 1B is a diagram of a power system comprising an intelligent electronic
device and an arc flash detection unit.
[0005] Figure 2 is a block diagram of one embodiment of a protective device with
oscillography.
[0006] Figure 3 is an example of a graphical display for oscillography data.
[0007] Figure 4 is a block diagram of one embodiment of a protective device with
metering.
[0008] Figure 5 is a flow diagram of one embodiment of a method for providing
protective functions with metering and oscillography.

DETAILED DESCRIPTION
[0009] Arc flashes pose a serious risk to both personnel and equipment in the
vicinity of a flash. An arc flash may produce intense electro-optical (EQ) radiation
(including visible light) in the area of the arc. In addition, an overcurrent condition may
be created on electric conductor(s) that feed the arc.
[0010] An arc flash detection unit (AFDU) may be configured to monitor a portion of
a power system (e.g., an enclosure, housing, or the like). The AFDU may be
configured to detect an arc flash event based on stimulus received from the power
system. The AFDU may make use of various different types of stimulus including, but
not limited to: EO radiation detected in the vicinity of the power system, current levels
within the power system, voltage levels at various points within the power system, heat,
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chemical detection, pressure differentials (e.g., sound), detection of particulates within
an enclosure, or the like.

[0011] The time required to detect an arc flash event by a protection system (e.g.,
an AFDU) may be used to determine a total time required to clear the arc flash (e.g.,
the total time required to clear the arc flash may be a sum of the time required to detect
the flash plus the time required to trip protective elements responsive to the detection).
The time required to clear the arc flash may be referred to as a “total arcing time,”
which may be used to calculate the incident energy released by the arc flash event
(given the arc current, resistance, conductor gap, and the like). The detection time of
an arc flash protection system may vary depending upon the configuration of the
protection system (e.g., the sensitivity of the system). System sensitivity may be
selected to provide a balance between providing adequate arc flash protection and
preventing misoperation (e.g., detecting false positives).

[0012] The “Guide for Performing Arc Flash Hazard Calculations,” which is
promulgated by the Institute of Electrical and Electronics Engineers (IEEE) as |IEEE
1584, provides several means for calculating arc flash incident energy, one of which is
provided below in Equation 1:

[0013] Log(E,)=K +K,+1.0811 Log(I )+0.0011-G Eq. 1

[0014] In Equation 1, Ey is the arc flash incident energy, K; is a switchgear-
dependent constant value (depending upon whether the switchgear is in an open or box
configuration), K. is a constant (0 for ungrounded or high-resistance grounded
switchgear and -0.113 for grounded systems), I, is the maximum arcing current, and G
is a gap between conductors within the switchgear.

[0015] The IEEE 1584 standard further provides means for determining an arc-
protection boundary as follows:

1
t 610" }|¥
[0016] D =[4.184-C E(—)( ﬂ Eq. 2

’ ! 02){ E

[0017] In Equation 2, Dy is the distance of the boundary from the arcing point, Cris a
voltage constant (1.0 for voltages above 1kV), E,is the normalized arc flash incident
energy (e.g., calculated per Equation 1 above), E, is the incident energy at the
boundary (5.0 J/cm? for bare skin), and x is a distance exponent constant (0.973 for 5

KV switchgear).
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[0018] The protection boundary may determine where maintenance personnel may
safely work in relation to the switchgear and/or may determine what, if any, protective
gear should be used by the personnel.

[0019] Other standards exist for calculating arc flash energy to determine
appropriate proximity and/or protective gear requirements. For instance, the National
Fire Protection Association (NFPA) provides for the calculation of an arc thermal
performance value (ATPV), which is similar to the IEEE 1584 arc flash incident energy.
The ATPV may determine a proximity boundary in which maintenance personnel may
safely work. In addition, the ATPV and proximity boundary may indicate the nature of
the protective gear that should be used by personnel. Other arc flash safety-related
standards are provided by the National Electric Code (NEC) and Occupational Safety
and Health Administration (OSHA).

[0020] Figure 1A shows one embodiment of an AFDU 103 in an electrical power
system 100. The AFDU 103 may be communicatively coupled to portions of the power
system 100 to receive stimulus 120 therefrom. As will be discussed below, the AFDU
103 may be configured to detect an arc flash event occurring within the power system
100 (e.g., within a housing 104) based on the stimulus 120. The stimulus 120 may
include current measurements, EO radiation measurements, and the like.

[0021] In some embodiments, the AFDU 103 may be communicatively coupled to
one or more current transformers, or other measurement devices, configured to provide
the AFDU 103 with stimulus 120 comprising current measurements from various points
within the power system 100 (e.g., on either side of a housing 104 in the electrical
power system 100). The housing 104 may include components that may be
susceptible to arc flash events (e.g., switchgear, circuit breakers, and the like).

[0022] The AFDU 103 may be configured to receive other types of stimulus 120,
such as measurements of EQ radiation detected by one or more EO radiation collectors
disposed within the vicinity of the power system 100. The EO radiation collectors may
be disposed within the housing 104 and/or may be positioned to capture EO radiation
produced by an arc flash event. In some embodiments, the EQ radiation collectors may
be positioned within a switchgear enclosure 105 within the housing 104.

[0023] Although particular types of stimulus 120 are discussed herein (e.g., current
and EO stimulus), the AFDU 103 could be configured to detect an arc flash event
based on any number of different types of stimulus 120. Therefore, this disclosure
should not be read as limited in this regard.
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[0024] The AFDU 103 may be configured to invoke certain protective functions upon
detecting an arc flash event. The protective function may be invoked via a
communications interface 121 with the power system 100 (e.g., with power system
components within the housing 104). For example, the AFDU 103 may trigger a circuit
breaker, a switch, or other equipment to remove an arcing circuit from power and/or
isolate the circuit from the rest of the power system 100. Alternatively, or in addition,
the AFDU 103 may produce an alarm signal that may be received by another protective
system (e.g., a protective relay, an IED, or the like), which may be configured to take
one or more protective actions responsive to the alarm. The alarm may be transmitted
to other remote devices and/or may be made available for display on a human-machine
interface (HMI). These protective actions may reduce the amount of energy released
by the arc flash event and/or may alert other systems and/or personnel to the arc flash
event.

[0025] The AFDU 103 may comprise and/or be communicatively coupled to a data
store 140, which may comprise computer-readable storage media, such as hard discs,
Flash memory, optical storage media, tape media, and the like. The AFDU 103 may
store reporting and/or monitoring information in the data store. In some embodiments,
the AFDU 103 may be configured to store quantized analog measurements of the
stimulus 120 received from the power system. Upon detecting an arc flash event, a
report may be generated and stored in the data store 140. The report may include the
stimulus 120 that caused the AFDU 103 to detect the arc flash event, may include a
record of the protective actions taken by the AFDU (or other protective devices), may
include the messages transmitted and/or received via the communications interface
121, may include a response time of various protective devices within the power system
(e.g., the response time of breakers, etc.), and the like.

[0026] Figure 1B shows an electrical power system 101 that includes an intelligent
electronic device (IED) 102 comprising an AFDU 103. The IED 102 may provide
various monitoring and protection services to the power system 101, including electrical
power system components within a housing 104.

[0027] As used herein, an IED (such as the IED 102 of Figure 1) may refer to any
one or combination of: a CPU-based relay and/or protective relay, a digital fault
recorder, a phasor measurement unit (PMU), a phasor measurement and control unit
(PMCU), a phasor data concentrator (PDC), a wide area control system (WACS), a
relay with phasor measurement capabilities, a wide area protection system (WAPS), a
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Supervisory Control and Data Acquisition (SCADA) system, a Programmable
Automation Controller (PAC), a Programmable Logic Controller (PLC), a dedicated arc
flash protection controller (e.g., an AFDU), a system integrity protection scheme, or any
other device capable of monitoring and/or protecting an electrical power system.
Accordingly, the IED 102 may comprise one or more processors, memories, computer-
readable storage media, communications interfaces, HMI components, and the like. In
the Figure 1B embodiment, the IED 102 may be a protective relay, such as the SEL
751 manufactured by and available from Schweitzer Engineering Laboratories, Inc. of
Pullman, WA.

[0028] As shown in Figure 1B, the AFDU 103 may be implemented within the |IED
102 (e.g., as a component of the IED 102). The AFDU 103 may be implemented as
machine-readable and/or machine-interpretable instructions stored on a computer-
readable storage media of the IED 102. Alternatively, or in addition, the AFDU 103 may
comprise one or more hardware components. In some embodiments, the AFDU 103
(or portions thereof) may be implemented independently of an IED 102 (e.g., the AFDU
108 may comprise its own independent processing resources, communications
interfaces, etc.).

[0029] The IED 102 and/or AFDU 103 may be configured to monitor power system
equipment disposed within the housing 104. The housing 104 may comprise a
switchgear cabinet, a sealed enclosure, or any other housing type. The housing 104
may enclose switchgear equipment, such as circuit breakers 110A, 110B, and/or 110C,
and the like.

[0030] The AFDU 103 may receive various types of stimulus 120 from the power
system 101. The stimulus 120 may be received directly (e.g., by sensors coupled to
the AFDU 103) and/or indirectly through another device, such as the IED 102. In the
Figure 1B example, the AFDU 103 is configured to receive current stimulus (current
measurements obtained by current transformers) and EO stimulus (EO radiation
captured by EO radiation collectors). The AFDU 103 may be configured to detect an
arc flash event based on the current and EO stimulus 120. However, in alternative
embodiments, the AFDU 103 may be configured to detect arc flash events using other
stimulus types (e.g., EO radiation and/or current measurements alone, heat, pressure,
chemical emissions, etc.).

[0031] The AFDU 103 may be configured to monitor a three-phase power signal
comprising three conductors 114A, 114B, and 114C, each of which may run through
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the housing 104 (one for each phase of the three-phase power signal). For instance,
the conductor 114A may carry an “A phase” electrical power signal, the conductor 114B
may carry a “B phase” electrical power signal, and the conductor 114C may carry a “C
phase” electrical power signal. Although a three-phase power signal is referred to
herein, one skilled in the art will recognize that the teachings of this disclosure could be
applied to power systems comprising any type and/or number of power signals, and, as
such, the teachings of the disclosure should not be read as limited in this regard.
[0032] In the Figure 1B example, the AFDU 103 receives current measurements
from current transformers (CTs) communicatively and/or electrically coupled to the
conductors 114A, 114B, and/or 114C; CTs 112A, 112B, and 112C are coupled to the
conductors 114A, 114B, and 114C at a first location 109, and CTs 108A, 108B, and
108C are coupled to the conductors 114A, 114B, and 114C at a second location
111(e.g., on an opposite end of the housing 104).
[0033] The AFDU 103 is communicatively coupled to EO radiation collectors 116A,
116B, 116C, 116D, and 118, which may be configured to detect EO radiation emitted
within the vicinity of the housing 104. As used herein, an EO radiation collector, such
as the point EO radiation collectors 116A, 116B, and 116C, and 116D and/or the loop
118, may be configured to capture various types of EO radiation including visible EO
radiation (e.g., visible light), infra-red (IR) radiation, ultra-violet (UV) radiation, and/or
EO radiation at other wavelengths. Moreover, as used herein, light or a “light event”
may refer to EO radiation that comprises EO energy at many different wavelengths,
some of which may be visible to the human eye and some of which may not.
Therefore, this disclosure should not be read as limited to detection and/or processing
of only EO radiation visible to humans, but should be read as encompassing any type
of EQ radiation known in the art.
[0034] The EO radiation collectors 116A, 116B, 116C, 116D, and 118 may be
distributed within the housing 104 and may be communicatively and/or electro-optically
coupled to the IED 102 and/or AFDU 103. In some embodiments, the detectors 116A,
116B, 116C and/or 116D may be “point detectors,” comprising fiber-optic leads (or
other EO conductive material) configured to selectively detect EO radiation within the
housing 104 (e.g., detect EO radiation at particular points and/or locations within the
housing 104). The point detectors 116A, 116B, 116C, and/or 116D may be placed
and/or positioned within the housing 104 so as to be capable of collecting EO radiation
produced by an arc flash event therein (e.g., in the vicinity of the switchgear
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components, such as the circuit breakers 110A, 110B, and/or 110C, a breaker trunk
compartment (not shown), or the like). For example, the point detectors 116A, 116B,
116C, and/or 116D may be positioned to have a line-of-sight and/or an electro-optical
path to respective breakers 110A, 110B, and/or 110C (e.g., to avoid “shadows” or other
obscuring structures within the housing 104). In some embodiments, the point
detectors 116A, 116B, 116C, and/or 116D may be optically coupled to additional optical
elements (not shown), such as mirrors, fiber-optic leads, lenses, EO conductive
materials, or the like, which may be configured to direct EO radiation produced within
the housing 104 and/or in the vicinity of the switchgear components (e.g., breakers
110A, 110B, and/or 110C) to one or more of the detectors 116A, 116B, 116C, and/or
116D.

[0035] The detectors 116A, 116B, 116C, and/or 116D may comprise EO conductive
materials, such as fiber-optic filaments, capable of collecting EO radiation and
transmitting a portion thereof to the IED 102 and/or AFDU 103. Alternatively, or in
addition, the EO radiation collectors 116A, 116B, 116C, 116D may be capable of
collecting EO radiation and transmitting an electrical signal and/or other indicator of the
detected EO radiation to the IED 102 and/or AFDU 103 (e.g., via a communication
network or the like).

[0036] The AFDU 103 may be coupled to other devices capable of collecting EO
radiation, such as the loop EO radiation collector 118, which may extend through a
portion of the housing 104. The loop EQO radiation collector 118 may comprise one or
more sheathed fiber-optic cables (or other EO conductive material), wherein portions of
the cable are exposed (e.g., portions of sheathing around the EO conductive material
are removed). The loop EO radiation collector 118 may be configured to receive EO
radiation through these exposed portions. The EO radiation so received may be
transmitted to the IED 102 and/or AFDU 103. Alternatively, or in addition, the loop EO
radiation collector 118 may comprise a dedicated EO radiation collector (not shown),
which may transmit an electrical signal or other indicator of the EO radiation detected
thereby (e.g., via a communication network or the like).

[0037] Although Figure 1B depicts the AFDU 103 receiving EO stimulus from a
particular set of EO radiation collectors 116A, 116B, 116C, 116D, and 118, one skilled
in the art will recognize that the teachings of this disclosure could be applied to any
number and/or type of EO radiation collectors, including, but not limited to: Charge-
Coupled Device (CCD) detectors, IR detectors, or the like. Therefore, this disclosure
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should not be read as limited to any particular number, type, and/or arrangement of EO
radiation collectors. Moreover, although a particular housing 104 is depicted, the
disclosure is not limited in this regard; the teachings of this disclosure could be applied
to any housing known in the art including, but not limited to: a breaker box, switch box,
busbar enclosure, duct, conduit, or other enclosure or housing type.

[0038] The AFDU 103 may be configured to detect an arc flash event based on inter
alia stimulus received from the CTs 108A, 108B, 108C, 112A, 112B, and 112C and/or
EO radiation collectors 116A, 116B, 116C, 116D, and 118. High-levels of EO radiation
and/or high current levels may be indicative of an arc flash event occurring within the
housing 104. Responsive to the AFDU 103 detecting an arc flash event, the IED 102
may be configured to take one or more protective actions, such as tripping one or more
circuit breakers (e.g., breakers 106A, 106B, and/or 106C), removing one or more of the
conductors 114A, 114B, and/or 114C from power, transmitting one or more alarm
signals to external devices, displaying an alarm on an HMI, or the like.

[0039] For example, the IED 102 may be communicatively coupled to the circuit
breakers 106A, 106B, 106C via a communication network (e.g., over an Ethernet
network, a SCADA network, an IEEE C37.118 network, a wireless network, or the like).
Responsive to the AFDU 103 detecting an arc-flash event on one or more of the
conductors 114A, 114B, and/or 114C, the IED 102 may be configured to interrupt the
power flow thereon.

[0040] As discussed above, the IED 102 and/or AFDU 103 may comprise and/or be
communicatively coupled to a data store 140. The data store 140 may be used to store
monitoring information. For example, the stimulus received before and during the
timeframe in which the AFDU 103 detected an arc flash event may be stored on the
data store 140. The stimulus may include EO radiation stimulus (EO measurements),
current stimulus, or other stimulus types. The stimulus may be ordered and/or time-
stamped within the data store 140. The time the AFDU 103 detected an arc flash event
may also be recorded, along with information regarding the actions taken by the IED
102 and/or AFDU 103 responsive to the detecting (e.g., breaker trip commands,
response times, and the like). Accordingly, the reporting information stored on the data
store 140 may allow the state of the power system 101 leading up, during, and following
an arc flash event (or false arc flash detection) to be reconstructed.

[0041] In some embodiments, the data store 140 may store metering information
such as the intensity level of the stimulus received from various detector devices (e.g.,
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the EO radiation collector devices 116A-116D and/or 118). The metering information
may aid in determining relevant sensitivity, cut off, and other thresholds used to
supervise arc flash detection by the AFDU 103 and/or IED 102.
[0042] Figure 2 depicts a power system 200 comprising an AFDU 203. The AFDU
203 depicted in Figure 2 may be part of an IED, such as IED 102 depicted in Figure 1B,
and/or may be an independent device (e.g., add-on device), which may be
communicatively coupled to an IED or other protective device.
[0043] In the Figure 2 embodiment, the AFDU 203 may monitor a portion of an
electrical power system 200, which may comprise a conductor 215 and a circuit breaker
206. The AFDU 203 may receive various types of stimulus from the electrical power
system 200. In the Figure 2 example, the AFDU 203 receives current and EO radiation
stimulus 220 via respective detector devices 213 and 217. A CT 213 may be coupled
to the conductor 215 to measure a current flowing thereon. The CT 213 may be
communicatively coupled to an input 211 of the AFDU 203 to provide current
measurement stimulus thereto. An EO radiation collector 217 may be placed in
proximity to the conductor 215 and/or within a housing 204 through which the conductor
215 passes. The EO radiation collector 217 may comprise a point EO radiation
collector, a loop EO radiation collector, or any other device capable of collecting EO
radiation.
[0044] An arc flash event occurring in the vicinity of the conductor 215 (e.g.,
between the conductor 215 and ground, another conductor (not shown), a switch (not
shown), on a circuit breaker (not shown), or the like), may produce an EO event 250.
The EO event 250 caused by the arc flash may cause EO radiation to be emitted, which
may be detected by the EO radiation collector 217. As discussed above, the EO event
250 may produce EO radiation at various frequencies and/or wavelengths, some of
which may be visible to a human. The EO radiation collector 217 may be electro-
optically coupled to the AFDU 203 to transmit a portion of the EO radiation emitted by
the EO event 250 and detected by the EO radiation collector 217 to the EO sensor 221
of the AFDU 203.
[0045] The EO sensor 221 may be configured to convert EO radiation received from
the EO radiation collector 217 into a signal indicative of the EO radiation (e.g., an
electrical signal). Accordingly, the EO sensor 221 may comprise a photodiode (such as
a silicon photodiode), a photo resistor, a CCD, a complementary metal-oxide-



10

15

20

25

30

WO 2010/033845 PCT/US2009/057541
semiconductor (CMOS) device, or any other device or structure capable of converting
EO radiation into an electrical signal.

[0046] In some embodiments, the signal produced by the EO sensor 221 may be
amplified by an amplifier 222. The amplified measurements may be quantized
(digitized) by a conversion element. In the Figure 2 example, the conversion element
may comprise an analog-to-digital converter 223, which may be configured to generate
a quantized, discrete representation of the analog EO stimulus measurements. The
amplifier 222 may comprise a fixed or variable gain amplifier. In alternative
embodiments, the amplifier 222 may be omitted.

[0047] Although Figure 2 shows the EO sensor 221, amplifier 222, and A/D
converter 223 as part of the AFDU 203, one skilled in the art will recognize that these
components could be disposed in proximity to the EO radiation collector 217. In this
alternative embodiment, the EO radiation collector 217 may be configured to generate a
signal indicative of detected EO radiation (e.g., as a sampled, discrete measurement)
using a local EO sensor, amplifier, and/or A/D converter (not shown), and could
communicate the measurement(s) to the AFDU 203 via a communication network (not
shown) or the like.

[0048] The AFDU 203 includes an overlight element 224, which may produce an arc
light signal 205 based on the EO measurements received via the EO sensor 221.
Assertion of the arc light signal 205 may indicate that the AFDU 203 has detected EO
radiation indicative of an arc flash event.

[0049] In some embodiments, the overlight element 224 may compare the sampled,
discrete EO radiation measurements produced by the A/D converter 223 to an overlight
threshold value. The overlight threshold value may represent an EO radiation level that
is indicative of an arc flash event (e.g., as opposed to changes in ambient light
conditions or the like). The arc light signal 205 may be asserted if the EO radiation
level exceeds the threshold. The threshold may be adapted according to a desired
sensitivity level of the AFDU 203.

[0050] The overlight element 224 may implement other comparison techniques. In
some embodiments, the overlight element 224 may implement a time-intensity metric,
such as an inverse time-over-stimulus (e.g., inverse time-over-light) metric, a
cumulative stimulus metric, or the like. Examples of such comparison techniques are

described in co-pending application no. 12/562,787 (attorney docket no. 08-030), filed
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18 September 2009, and entitled “Secure Arc Flash Detection,” which is hereby
incorporated by reference in its entirety.
[0051] Assertion of the arc light signal 205 may be indicative of an arc flash event.
Therefore, in some embodiments, the AFDU may assert the arc flash detection signal
209 based upon the arc light signal 205 (e.g., bypassing the AND gate 228). In the
Figure 2 example, however, the arc flash detection signal 209 is supervised by an arc
current signal 207, which may be asserted based upon current stimulus (e.g., asserted
upon detection of an overcurrent condition indicative of an arc flash event as discussed
below).
[0052] A current input 211 of the AFDU 203 may be configured to receive current
measurements acquired by a CT 213. The CT 213 may be communicatively and/or
electrically coupled to the conductor 215. Although the AFDU 203 is shown as
receiving a single current measurement, the disclosure is not so limited; the AFDU 203
could be adapted to receive any number of current measurements from any number of
current transformers.
[0053] In some embodiments, the current measurements may be filtered (by a low-
pass, band-pass filter, anti-alias filter, a combination of filters, or the like). A quantized
analog representation of the measurements may be generated by an A/D converter
225. In addition, in some embodiments, a magnitude of the sampled current
measurements may be calculated by an absolute value block 226.
[0054] In the Figure 2 example, the arc current signal 207 may be formed by a
comparator 227, which may assert the arc current signal 207 if the current
measurements exceed an arc current threshold 208. However, the disclosure is not
limited in this regard; any comparison technique known in the art could be used to
assert the arc current signal 207. Furthermore, in some embodiments, the arc current
signal 207 may be produced using an overcurrent element (not shown), which may
implement a cumulative energy comparison technique as described above (e.g., an
inverse time-over-stimulus metric, an accumulated stimulus metric, or the like).
[0055] The arc light signal 205 and the arc current signal 207 flow to the AND gate
228, the output of which may comprise an arc flash detection signal 209. In some
embodiments, the AFDU 203 may further include a security timer (not shown). The
security timer may supervise the arc flash detection signal 209, such that the arc flash
detection signal 209 is asserted only if the output of the AND gate 228 is asserted for a
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pre-determined time period and/or for a pre-determined number of measurement
cycles.

[0056] As discussed above, the arc flash detection signal 209 may cause one or
more protective actions to be performed. In some embodiments, the arc flash detection
signal 209 may be used to activate one or more protective modules (e.g., protective
modules and/or functions of an IED (now shown) upon which the AFDU 203 is
implemented). Figure 2 shows the arc flash detection signal 209 activating a trip signal
module 229. The trip signal module 229 may comprise a protective function of a
protective device, such as an IED. Assertion of the arc flash detection signal 209 may
cause the trip signal module 229 to generate a trip signal to the circuit breaker 206.
The circuit breaker 206 may remove the conductor 215 from power, which may clear
the arc flash event and minimize the energy released thereby.

[0057] The AFDU 203 and/or the trip signal module 229 may be configured to
transmit the arc flash detection signal in a particular format and/or using a particular
protocol, including, but not limited to: Ethernet, SCADA, IEEE C37.118, SNMP, or the
like. As will be appreciated by one of skill in the art, any signaling and/or control
mechanism could be used under the teachings of this disclosure.

[0058] In some embodiments, the arc flash detection signal 209 may be
communicated to an IED or other device configured to monitor and/or protect the power
system 200. The AFDU 203 (alone or in conjunction with another device, such as an
IED) may be configured to provide other arc flash event monitoring and/or protection
mechanisms including, but not limited to: transmitting the arc flash detection signal 209
to an HMI, IED, or other device; tripping additional circuit breakers; diverting power to or
from portions of a power system; and the like.

[0059] In some embodiments, the AFDU 203 may be configurable. Configuring the
AFDU 203 may comprise determining a sensitivity of the overlight element 224,
determining the sensitivity of the overcurrent element (not shown) and/or the threshold
208, determining how the arc flash detection signal 209 is formed (e.g., by the arc light
signal alone 205, by a combination of the arc light signal 205 and the arc current signal
207, etc.), or the like. The AFDU 203 may receive configuration information via a
communications interface (not shown) and/or an HMI 230. In embodiments in which
the AFDU 208 is implemented within an |ED, the IED (or other computing device) may
be configured to provide the 230 HMI or other interface to provide for configuration of
the AFDU 203.
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[0060] As discussed above, the stimulus received by the AFDU 203 may be
available in a quantized analog format (from the A/D converters 223 and 225). As
used herein, quantized analog data (or “digital analog data”) may refer to a digital
representation of an analog measurement, such as a digital representation of an EO
radiation intensity measurement (e.g., in LUX, lumens or the like), a current
measurement (e.g., in amps), or the like. The quantized analog measurements may be
of varying resolutions. The A/D converters 223 and 225 may be configured to output
discrete measurements of the EO and current stimulus at various different resolutions.
In some embodiments, one or more of the A/D converters 223 and/or 225 may be
configured to output measurements at high resolution (e.g., to within one hundredth of
an amp). In other embodiments, a lower resolution may be used.

[0061] The AFDU 203 may include and/or be communicatively coupled to a data
store 240, which may include computer-readable storage media, such as disc, Flash
memory, optical storage, or the like. During monitoring, the quantized analog
measurements output by the A/D converters may be stored in the data store 240. In
some embodiments, the stimulus measurements may be stored in the order they are
received (e.g., in a first-in first-out (FIFO) data structure, or the like). The ordering may
allow the sequence of stimulus leading up to a particular event to be reconstructed
(e.g., detection of an arc flash by the AFDU 203). Alternatively, or in addition, the
measurements may include respective time stamp information (applied by the
clock/timestamp module 242). The information applied by the clock/timestamp module
242 may indicate a time each stimulus measurement was received. The
clock/timestamp module 242 may operate on an internal time standard. Alternatively,
or in addition, the clock/timestamp module 242 may be coupled to an external time
source 244, such as IRIG (via GPS satellites), WWVB, WWB, a local common time
source, or the like.

[0062] The data store 240 may be configured to record indicators of the arc light
signal 205, the arc current signal 207, and/or the arc flash detection signal 209. The
signals 205, 207, and/or 209 may include respective time stamps. The data store 240
may include additional information regarding protective actions taken by the AFDU 203,
such as the operation of the trip signal module 229, any alarms asserted by the AFDU
203, alerts issued by the AFDU 203, and so on.

[0063] The information stored in the data store 240 may be made available to an
operator of the AFDU 203 and/or to other devices (e.g., an IED (not shown), other
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protective devices (not shown) or the like). In the Figure 2 example, the data store 240
may be coupled to the HMI 230 via a report generator 246, which may be configured to
present data stored in the data store 240 to an operator. The report generation module
246 may be configured to retrieve and present stimulus data stored in the data store
240. In some embodiments, the report generator 246 may be further configured to
reconstruct a series of stimulus measurements (and responses of the AFDU 203
thereto) over a particular timeframe, such as the time leading up to detection by the
AFDU 203 of an arc flash event. The reconstruction may allow an operator (through
the HMI 230) to identify the cause of the arc flash detection.

[0064] Data may be exported from the data store 240. The exporting may comprise
retrieving from the data store 240 a particular sequence of quantized analog stimulus
measurements, response information, and the like. The information may be exported
within a particular time frame (e.g., stimulus measurements received on May 9, 2008,
from 10 AM to 1 PM) and/or leading up to a particular event (e.g., stimulus
measurements recorded in the hour leading up to detection of an arc flash event). The
exporting may be done through the HMI 230, a communication interface (not shown),
an external storage interface (e.g., USB®, Firewire®, or other interface), or the like.

[0065] In some embodiments, the report generator 246 may make stimulus
measurements available through the HMI 230 in real-time (e.g., as the measurements
are received). The real-time stimulus measurements may allow an operator to meter
and/or configure the system. For example, a real-time EO radiation measurement at
particular times of day may provide an operator an indication of the ambient light
conditions within the power system (e.g., as observed by the EO radiation collector
217). The operator may use the metering information to configure the AFDU 203
appropriately (e.g., configure the overlight element 224 with a set of thresholds, inverse
time-over-light curve, or the like). Similarly, the real-time measurements may be used
in a testing and/or calibration scenario. For example, an operator may cause EO
radiation to be emitted in the vicinity of the EO radiation collector 217 and then
determine (via the HMI 230) the resulting quantized analog measurements recorded by
the AFDU 203. A difference between the intensity of the produced EO radiation and
the EO radiation recorded by the AFDU 203 may be used to determine the efficiency
(e.g., attenuation) of the EO radiation collector 217 and/or EO conductor cable 218.

[0066] The report generator 246 and/or HMI may be configured to display EO

radiation stimulus measurements as a quantized analog measurement (e.g., in LUX,
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lumens, LUX, or the like) and/or on a detector pickup percentage basis. For instance,
EO radiation stimulus may be displayed as 6000 LUX and/or, if the pickup of the EO
radiation collector 217 and/or EO sensor 221 is approximately 1200 LUX, the display
may read 500% or as a pickup value of 5.

[0067] Other stimulus types may be similarly displayed. For instance, current
stimulus may be displayed in terms of the current magnitude (e.g., on the conductor
215), the current magnitude on the current transformer 213 (e.g., 1250 Amps), and/or a
percentage (or per-unit) basis. The current magnitude may be displayed as a root
mean square (RMS) value that may be calculated by the report generator 246. The
percentage or per-unit basis may be based on the overcurrent threshold 208. Thus, if
the current is 80% of the threshold, the display may register a per-unit (or pickup) value
of 0.8 for current. Alternatively, or in addition, the stimulus measurements (EO
radiation, current, and the like) may be displayed in terms of an energy level
represented thereby. Alternatively, or in addition, Equations 1 and 2, discussed above,
may be applied to the stimulus data to display an estimated total energy produced by
an arc flash event, provide proximity guidelines, protective gear requirements, and the
like. Similarly, the EO sensor 221 and/or the AFDU 203 may be configured to estimate
an energy represented by the EO radiation stimulus (e.g., by combining a spread
spectrum of observed EO radiation, estimating an energy level from the observed EO
radiation, properties of the EO radiation collector 217, EO sensor 221, and the like, and
so on). The EO and current energy estimates may be used to refine the respective
energy estimates, provide cross-validation and/or error checking.

[0068] In other embodiments, the data store 240 and/or the report generator module
246 may be configured to record and provide access to other stimulus types, such as
voltage measurements, pressure measurements, temperature, chemical, and so on.
Accordingly, this disclosure should not be read as limited to recording only EO and/or
current stimulus.

[0069] The report generation module 246 may have different capacity levels
depending upon the monitoring needs and/or configuration of the AFDU 203 (e.g., the
frequency of the stimulus measurements, the resolution of the A/D converters 223 and
225, and so on). In some embodiments, the data store 230 may have sufficient
capacity to store hours, days, weeks, or months worth of monitoring data. In some
embodiments, the data store 240 may be communicatively coupled to a backup storage
device (not shown), such as a network attached storage (NAS) device, an external data
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store (not shown) or the like. The AFDU 203 (through the HMI 230) may be configured
to periodically backup and/or offload the contents of the data storage module 240 to the
backup storage device to prevent data loss and/or to free up storage space on the data
storage module 240 to thereby provide for continuous, uninterrupted recording.

[0070] The report generating module 246 and/or the HMI 230 may be configured to
display report data in various different ways (e.g., in a table, graphically, or the like).
Figure 3 depicts one example of a graphical display of information recorded on the data
store 240 and presented by the report generator 246 via the HMI 230. The display 300
of Figure 3 includes a plot of stimulus measurements as a function of time. In the
Figure 3 example, the plot 300 depicts quantized analog current stimulus
measurements 310 and EO radiation stimulus measurements 312 along a time axis
301. The current stimulus 310 may be displayed in terms of amperes, current
transformer pickup, in proportion to an overcurrent threshold, or the like. The EO
radiation stimulus 312 may be displayed in terms of lumens, LUX, in terms of a detector
pickup value, in proportion to an EO threshold, or the like.

[0071] The Figure 3 example includes an arc flash detection signal 314. The arc
flash detection signal 314 may correspond to the arc flash signal 209 of Figure 2, a
breaker trip signal produced by the trip signal generator 229 of Figure 2, or another
signal produced by an AFDU (or IED) responsive to detecting an arc flash event.

[0072] As illustrated in Figure 3, the current 310 and EO radiation 312 stimulus
remain relatively low until time to 302, at which time an event occurs that causes EO
radiation and overcurrent current stimulus to be received. At time t1 303, an arc flash
detection signal is observed. The time difference between t, 302 and t; 303 may
represent a response time of the AFDU or |ED.

[0073] Although Figure 3 depicts a particular set of quantized analog stimulus
measurements and an arc flash detection signal 314, the disclosure is not limited in this
regard. The graphical display of Figure 3 could be adapted to include other quantized
analog measurements (pressure, voltage, etc.), and/or other response signals (e.g.,
alarms, tripping signals, or the like). Similarly, the display could be adapted to display
the quantized analog stimulus measurements and/or response signals in alternative
formats, using alternative interfaces (e.g., graphical, audio, video, etc), and the like.
[0074] Figure 4 is a block diagram of one embodiment of an IED configured to
provide EO radiation metering. The AFDU 403 of Figure 4 may be implemented in
conjunction with and/or separately from an |IED, such as the IED 102 of Figure 1B.
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[0075] The AFDU 403 may include a metering module 448, which may be
communicatively coupled to an HMI 430. The metering module 448 may be configured
to receive quantized analog stimulus measurements, including measurements of EO
stimulus (received via EO radiation collector 217) and current measurements (received
via current input 211). Although not shown in Figure 4, the quantized analog stimulus
measurements may be time stamped (e.g., by a clock/time stamp module (not shown))
and stored on a data store (not shown) for later retrieval and/or display using a report
generator module (not shown).

[0076] The metering module 448 may make quantized analog stimulus
measurements available as they are received (e.g., in real-time). The quantized analog
stimulus measurements may be displayed to an operator on the HMI 430 and/or
transmitted to other devices and/or operators via a communications interface (not
shown). The quantized analog measurement data may be displayed in terms of
magnitudes, percentages, per-unit basis, and the like (as described above). The
metering module 448 may further provide for the display of signals generated by the
AFDU 403 (or other devices) responsive to the stimulus may be displayed, including,
but not limited to: the arc light signal 205, the arc current signal, the arc flash detection
signal 209, a tripping signal generated by the trip signal module 229, and the like. In
some embodiments, the display provided by HMI 430 may further include configuration
parameters of the AFDU 403, such as the overcurrent threshold 208, the configuration
of the overlight element (e.g., the inverse time-over-light curve), and the like. The HMI
430 may allow an operator to adjust the configuration settings responsive to the
metering data (e.g., set the EO and/or overcurrent detection threshold(s) according to
ambient lighting conditions and/or nominal operating conditions observed within the
power system 400).

[0077] In some embodiments, the metering module 448 may be used to calibrate
and/or validate the AFDU 403. For example, an EO emitter 450 may be configured to
emit EO radiation in the vicinity of the EO radiation collector 217. The EO emitter 450
may be configured to emit EO radiation in the vicinity of switchgear (or other power
system components) monitored by the AFDU 403. The EO emitter 450 may be further
configured to emit EO radiation from a position within the switchgear, from which EO
radiation would likely be emitted in an actual arc flash event. In some embodiments,
EO emitter 450 may be controlled by a validation component. Examples of such an EO
emitter are disclosed in co-pending application No. 12/562,197 (attorney docket no. 08-
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016), filed 18 September 2009, and entitled, “Validation of Arc Flash Detection
Systems,” which is hereby incorporated by reference in its entirety. Alternatively, or in
addition, the EO radiation collector 217 may comprise an EO conductor (not shown)
capable of transmitting EO radiation into the vicinity of the EO radiation collector 217
(e.g., for use in a self test operation). Examples of such an EO radiation collector are
disclosed in co-pending application No. 12/562,834 (attorney docket no. 08-031), filed
18 September 2009, and entitled, “Arc Flash Protection with Self-Test,” which is hereby
incorporated by reference in its entirety.

[0078] The metering module 448 may display and/or cause to be recorded,
quantized analog EO radiation measurements received responsive to EO radiation
emitted by the EO emitter 450. The measurements may be used to configure, test,
and/or validate the operation of the AFDU 403. For example, if no EO radiation is
detected by the EO radiation collector 217 and/or transmitted via the EO conductor
cable 218 (e.g.,, no EO radiation is received by the EO sensor 221), it may be
determined that there is a problem with the EO radiation collector 217 (e.g., the EO
radiation collector 217 is not positioned to receive the EO radiation emitted by the
emitter 450, the EO radiation collector 217 is capable of receiving EO radiation, the EO
conductor cable 218 is incapable of transmitting EO radiation, or the like).

[0079] An attenuation level of the EO radiation collector 217 and/or EO conductor
cable 218 may be determined by comparing the intensity of the EO radiation emitted by
the EO emitter 450 to the quantized analog EO radiation measurements received at the
AFDU 403. A high attenuation level may indicate that the EO radiation collector 217
and/or EO conductor cable 218 have been damaged. For instance, when an EO
conductor (such as the EO conductor cable 218 and/or an loop EO radiation collector
(described in the co-pending applications incorporated by reference above)) is abraded,
it may begin to attenuate EO signals transmitted thereon. The attenuation may become
progressively worse, until reaching a point that the EO conductor and/or EO radiation
collector are no longer capable of collecting and/or conducting EO radiation to the
AFDU 403. Similarly, the detection area of an EO radiation collector may become
progressively obscured over time (e.g., by dust, grime, or the like) and/or may be
gradually moved out of place (e.g., by vibrations within a switchgear enclosure). The
metering of the AFDU 403 using quantized analog measurements as opposed to a
binary “on” or “off” indication of EO transmission via the EO radiation collector 217 may
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allow for detection of this progressive deterioration, which may allow such issues to be
addressed before a failure occurs.

[0080] The metering module 448 may be used to evaluate the configuration of the
AFDU 403. For example, some EO radiation collectors 217 and/or EO conductor cables
218 may inherently attenuate signals transmitted thereon (e.g., a fiber optic cable may
attenuate EO radiation at a rate between 0.5dB/km to 1000dB/km). The metering
module 448 may allow an operator (or other device) to determine the attenuation of a
particular AFDU 403 configuration (e.g., using the quantized analog measurements
made available by the metering module 448). If the attenuation imposed by the EO
radiation collector 217 and/or EO conductor cable 218 is too great, the AFDU 403 may
be reconfigured (e.g., to use a shorter EO conductor cable 218, to include an EO
repeater (not shown), to incorporate a remote EO sensor (not shown), or the like).
[0081] The metering module 448 may also be used to determine an appropriate
configuration for the AFDU 403 (e.g., for the threshold 208, the inverse time-over light
curve used by the overlight element 224, and the like). For example, an operator may
observe the quantized digital signal stimulus measurements made available by the
metering module 448 (or the report generator 246 described above) and set
configuration of the AFDU 403 accordingly (e.g., to be greater than observed ambient
EO radiation levels, nominal current levels, etc.). In embodiments, incorporating a
reporting module and/or data store (as in Figure 2), the operator may observe changes
to the ambient stimulus levels over time. For example, the levels of ambient EO
radiation levels may change depending upon the orientation of the sun relative to the
EO radiation collector 217 (e.g., depending upon the time of day, the season, and the
like). Similarly, current levels may change depending upon power demand on the
power system (e.g., current levels may be greater during summer afternoons than
evenings). The operator may configure the AFDU 403 accordingly (e.g., set thresholds
according to the time of day, change the position of detector(s) within the power
system, and the like).

[0082] The operation of the metering module 448 may be controlled by an operator
via the HMI 430 and/or a communications interface. The operator may control the
types of quantized analog stimulus measurements displayed via the HMI 430 (e.g., EO
radiation, current, etc.), control the manner in which the stimulus measurements are

displayed (e.g., select a time scale, measurement factor (e.g., linear, logarithmic, etc.),

19



10

15

20

25

30

WO 2010/033845 PCT/US2009/057541
select the responsive signals to be displayed, select configuration parameters for
display (e.g., threshold values, such as the overcurrent threshold 208), and the like.
[0083] Figure 5 is a flow diagram of one embodiment of a method for providing a
protective device with metering and oscillography. The method 500 may comprise one
or more machine executable instructions stored on a computer-readable storage
medium. The instructions may be configured to cause a machine, such as a computing
device or |ED, to perform the method 500. In some embodiments, the instructions may
be embodied as one or more distinct software modules on the storage medium. One or
more of the instructions and/or steps of method 500 may interact with one or more
hardware components, such as computer-readable storage media, communications
interfaces, EO radiation collectors, EO emitters, and the like. Accordingly, one or more
of the steps of method 500 may be tied to particular machine components.

[0084] At step 510, the method 500 may start and be initialized, which may comprise
allocating and/or initializing resources required by the method 500, such as
communications interfaces, detector devices, computer-readable storage media, and
the like.

[0085] At step 520, a sequence of one or more of stimulus measurements may be
received. The stimulus measurements may include EO radiation measurements,
current measurements, voltage measurements, pressure measurements, or the like.
The stimulus measurements received at step 520 may be processed. For example, the
stimulus measurements may be filtered to remove harmonic content and/or to isolate
particular frequencies and/or frequency ranges. In some embodiments, the processing
may include applying one or more compensation parameters to the measurements to
account for different detector types and/or detector configurations (e.g., compensate for
different orientation and/or winding configurations of different current transformers,
different pickup thresholds of various EO radiation collectors, attenuation levels of
various transmission media, and the like).

[0086] At step 530, quantized analog representations of the stimulus measurements
may be obtained. As discussed above, a quantized analog measurement
representation may include a digital representation of an analog stimulus measurement.
The quantized analog representations may be produced by a conversion element, such
as A/D converter or other sampling and/or quantization device.

[0087] At step 540, the quantized analog representations may be stored in a

computer-readable storage medium. In some embodiments, the storage medium may
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order the stimulus measurements in time (e.g., in a first-in first-out orientation).
Alternatively, or in addition, the quantized analog measurements may be associated
with time stamp information, which may indicate a time each of the measurements was
received. The time stamp information may be derived from an internal clock (e.g., a
clock provided by the method 500). In some embodiments, the clock may be
synchronized to an external time source or reference time. The ordering and/or time
stamping may allow the stimulus measurements received within a particular internal or
timeframe to be reconstructed.

[0088] At step 550, and concurrently with step 540, the method 500 may perform a
monitoring function using the stimulus measurements. The monitoring function of step
550 may include arc flash detection as described above. At step 560, the method may
determine whether any protective actions are to be taken responsive to the monitoring
(e.g., determine whether an arc flash event has been detected). If protective actions
are to be taken, the flow may continue to step 565; otherwise, the flow may continue to
step 590.

[0089] At step 565, one or more protective actions may be taken responsive to the
monitoring function of step 550. For example, step 565 may include asserting an arc
flash detection signal (e.g., asserting the arc flash detection signal 207 discussed
above in conjunction with Figures 2 and 4). The protective actions of step 565 may
further include generating one or more breaker tripping signals, asserting one or more
alarms, issuing one or more alerts, or the like.

[0090] At step 567, the information regarding the protective actions taken by the
method 500 may be recorded in a computer-readable medium. As discussed above,
the recording may include ordering the information and/or applying time stamp data to
the information. The ordering and/or time stamp data may allow the protective actions
to be correlated with the quantized analog stimulus data recorded at step 540.

[0091] At step 570, the method 500 may provide the information stored on the
computer-readable storage medium to an operator or process (via an HMI). The
information may be provided by a report generator (such as the report generator 246 of
Figure 2) and/or a metering module (such as the metering module 448 of Figure 4).
Accordingly, the method 500 may make available quantized analog stimulus
measurements recorded over a particular time period (along with any protective actions
taken responsive thereto). Alternatively, or in addition, the method 500 may make

quantized analog stimulus measurements (and information regarding protective actions
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taken responsive to the measurements) available on a real-time basis (as the stimulus
measurements are received and/or as the protective actions are taken). The
information provided at step 570 may be used to test, validate, calibrate, and/or
configure the method 500 as described above (e.g., identify detector issues, determine
detector attenuation, establish arc flash detection levels or thresholds, determine
ambient stimulus levels, and so on).

[0092] At step 580, the method 500 may analyze the information recorded at steps
540 and/or 565 to automatically detect potential problems in the method 500. As
discussed above, detecting devices, such as EO radiation collectors, EO conductors,
current transformers, and the like may be subject to gradual degradation (e.g., an EO
conductor may be gradually abraded and/or moved out of position by vibration within
switchgear housing, a current transformer may gradually break down, or the like). The
analysis of step 580 may include determining detector attenuation based upon recorded
quantized analog stimulus measurements. For example, if an EO radiation collector
exhibits a gradual decline in ambient EO radiation levels over a particular timeframe,
step 580 may determine that the EO radiation collector (or an EO conductor coupling
the EO radiation collector to the method 500) may be subject to degradation. Similarly,
if a current transformer exhibits inconsistent and/or variable nominal measurements
(over a particular timeframe), the method 500 may identify a problem in the current
transformer. Alternatively, or in addition, step 580 may include supplying stimulus to
the method 500 and observing the result. For example, the stimulus received at step
520 may be of a known type and/or intensity (may be produced by the method 500).
The intensity of the stimulus may be compared against the quantized analog
measurements determined responsive thereto. An attenuation of the detector used to
receive the stimulus may be determined by comparing the known intensity of stimulus
provided to the method 500 against the quantized analog stimulus measurements
actually received by the method 500.

[0093] At step 585, the method 500 make take one or more protective actions
responsive to the analysis of step 580. The protective actions of step 585 may include
issuing one or more alerts. Issuing an alert may include storing the alert on a
computer-readable medium, displaying the alert on an HMI, transmitting the alert via a
communication interface coupled to the method 500 (e.g., sent via email, SMS
message, PSTN, etc.), or the like. The alert may include information to identifying one
or more detectors that may be misoperating (according to the analysis of the quantized
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analog stimulus measurements of step 580). The information may further indicate the
nature of the suspected misoperation and/or a suspected cause thereof (e.g., high
levels of attenuation in an EO conductor, etc.). The protective action(s) taken at step
585 may be selected according to a severity of the detector problem determined at step
580. For example, in some embodiments, a protective action may include tripping a
breaker, issuing alerts to other protective devices, or the like. Such actions may be
taken upon determining that a particular detector (e.g., an EO radiation collector) is
inoperable and, as such, the power system is unprotected.

[0094] At step 590, the method 500 may determine whether monitoring is to
continue. If so, the flow may return to step 520 where stimulus measurements may be
received; otherwise, the flow may terminate at step 595.

[0095] The above description provides numerous specific details for a thorough
understanding of the embodiments described herein. However, those of skill in the art
will recognize that one or more of the specific details may be omitted, or other methods,
components, or materials may be used. In some cases, operations are not shown or
described in detail.

[0096] Furthermore, the described features, operations, or characteristics may be
combined in any suitable manner in one or more embodiments. It will also be readily
understood that the order of the steps or actions of the methods described in
connection with the embodiments disclosed may be changed as would be apparent to
those skilled in the art. Thus, any order in the drawings or Detailed Description is for
illustrative purposes only and is not meant to imply a required order, unless specified to
require an order.

[0097] Embodiments may include various steps, which may be embodied in
machine-executable instructions to be executed by a general-purpose or special-
purpose computer (or other electronic device). Alternatively, the steps may be
performed by hardware components that include specific logic for performing the steps,
or by a combination of hardware, software, and/or firmware.

[0098] Embodiments may also be provided as a computer program product
including a computer-readable storage medium having stored instructions thereon that
may be used to program a computer (or other electronic device) to perform processes
described herein. The computer-readable storage 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
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other types of media/machine-readable storage media suitable for storing electronic
instructions.

[0099] As used herein, a software module or component may include any type of
computer instruction or computer executable code located within a memory device
and/or computer-readable storage medium. A software module 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 perform
one or more tasks or implements particular abstract data types.

[00100] In certain embodiments, a particular software module may comprise
disparate instructions stored in different locations of a memory device, which together
implement the described functionality of the module. Indeed, a module 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 may be located in local and/or
remote memory storage devices. |n 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 may be linked together in fields of a record in a database across
a network.

[00101] It will be understood by those having skill in the art that many changes may
be made to the details of the above-described embodiments without departing from the
underlying principles of the invention.

[00102] What is claimed is:
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CLAIMS

1. An intelligent electronic device (IED) configured to provide a protective
function to a power system, comprising:

a first input configured to receive measurements of a first stimulus type from the
power system;

a second input configured to receive measurements of electro-optical (EO)
radiation from the power system;

a conversion element configured to determine quantized analog measurements
corresponding to the measurements received via the first and the second inputs;

a computer-readable storage medium configured to store the quantized analog
measurements; and

a data output configured to export the quantized analog measurements from the

computer-readable storage medium.

2. The IED of claim 1, wherein the first input is configured to receive current
measurements acquired by a current transformer communicatively coupled to the

power system.

3. The IED of claim 1, wherein the |ED is configured to detect an arc flash event

based upon the measurements received via the first and the second inputs.

4. The IED of claim 3, wherein the IED is configured to take one or more

protective actions responsive to detecting the arc flash event.
5. The IED of claim 4, wherein the one or more protective actions include one of
asserting an arc flash detection signal, tripping a circuit breaker, asserting an alarm,

and issuing an alert.

6. The IED of claim 4, wherein detection of the arc flash event is recorded in the

computer-readable storage medium.

7. The IED of claim 1, further comprising a human-machine interface configured

to display the quantized analog measurements to an operator.
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8. The IED of claim 7, wherein the quantized analog measurements are
displayed on the human-machine interface as they are determined by the conversion

element.

9. The IED of claim 1, wherein the conversion element comprises an anlog-to-
digital converter.

10. The IED of claim 1, wherein the IED is configured to cause EQO radiation to
be emitted in the vicinity of an EO radiation collector communicatively coupled to the
second input, and wherein the IED is to determine an attenuation of the EQ radiation
collector based upon quantized analog measurements determined from EO radiation

measurements received responsive to the emitting.

11. The IED of claim 9, wherein the IED is configured to assert an alert if the

attenuation exceeds a threshold.

12. The IED of claim 11, wherein the detector alert is displayed on a human-

machine interface communicatively coupled to the |ED.

13. The IED of claim 12, wherein the alert is recorded on the computer-readable

storage medium.

14. The IED of claim 1, further comprising a clock module configured to time

stamp the quantized analog measurements.
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15. A method for protecting a power system, comprising:

receiving measurements from the power system, the measurements comprising
measurements of a first type of stimulus acquired by a first detector and measurements
of electro-optical (EO) radiation collected by an EO radiation detector;

converting the received measurements into quantized analog measurements
comprising quantized analog measurements of the first type of stimulus and quantized
analog EO radiation measurements;

recording the quantized analog measurements on a computer-readable storage
medium;

providing a protective function using the measurements of the first type of
stimulus and the measurements of the EO radiation; and

exporting a portion of the quantized analog measurements.

16. The method of claim 15, wherein the protective function asserts an arc flash
detection signal responsive to detecting an arc flash event based upon the EO radiation

measurements.

17. The method of claim 16, further comprising taking one or more protective
actions when the arc flash detection signal is asserted, wherein indications of the one

or more protective actions are recorded on the computer-readable storage medium.

18. The method of claim 17, wherein one of the protective actions is tripping a

circuit breaker, asserting an alarm, and issuing an alert.

19. The method of claim 15, further comprising time stamping the quantized
analog measurements recorded on the computer-readable storage medium.

20. The method of claim 19, further comprising reconstructing a sequence of
quantized analog EQO radiation measurements within a timeframe using the time

stamps.

21. The method of claim 19, wherein the first type of stimulus is current stimulus
acquired by a current transformer communicatively coupled to the power system, and

wherein the quantized analog stimulus measurements include quantized analog current
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measurements, the method further comprising reconstructing a sequence of quantized

analog current measurements within the timeframe using the time stamps.

22. The method of claim 19, further comprising causing a sequence of time-
stamped, quantized analog EO stimulus measurements to be presented on a display
device.

23. The method of claim 15, further comprising causing quantized analog
stimulus measurements to be displayed on a display device as the quantized analog

stimulus measurements are received.

24. The method of claim 15, further comprising:

causing EO radiation to be emitted in the vicinity of the EO radiation collector;
and

determining an attenuation of the EO radiation collector based upon quantized

analog EO radiation measurements determined responsive to the emitting.

25. The method of claim 24, further comprising detecting a fault in the EO

radiation collector if the attenuation exceeds a threshold.
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26. A computer-readable storage medium comprising instructions, which, if
executed by an intelligent electronic device (IED), cause the IED to perform a method
for protecting a power system, the method comprising:

receiving stimulus measurements from a power system, the stimulus
measurements comprising current stimulus measurements and electro-optical (EQO)
radiation measurements;

converting the stimulus measurements into quantized analog measurements
comprising quantized analog current measurements and quantized analog EO radiation
measurements;

time stamping the quantized analog measurements;

recording the time-stamped, quantized analog measurements on a computer-
readable storage medium,;

providing a protective function using the quantized analog measurements; and

providing for displaying a sequence of quantized analog measurements on a

display device.
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