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(57) Abstract: A method and apparatus for collecting power distribution system data is provided. The method includes commu-
nicatively coupling a plurality of node electronic units (20) to a digital network (22), communicatively coupling at least one central
control processing unit (CCPU) (24) to the digital network (22), executing a data capture includes a data capture buffer and a sec-
ondary buffer, and activating the data capture module in response to a triggering event. The apparatus includes a plurality of node
electronic units (20), at least one central control processing unit (CCPU) (24), and a data capture software module running on the at
least one CCPU (24) wherein the module is configured to collect data in the data capture buffer and the secondary buffer, and the

module is configured to activate in response to a triggering event.
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METHOD AND SYSTEM FOR CONDITIONALLY
TRIGGERED SYSTEM DATA CAPTURE

BACKGROUND OF THE INVENTION

[0001] This invention relates generally to electrical switchgear and
more particularly, to a method and apparatus for protecting, monitoring, and

controlling the electrical switchgear.

[0002] In an industrial power distribution system, power generated
by a power generation company may be supplied to an industrial or commercial
facility wherein the power is distributed around the industrial or commercial facility to
various equipment such as, for example, motors, welding machinery, computers,
heaters, lighting, and other electrical equipment. At least some known power
distribution systems include switchgear which facilitates dividing the power into
branch circuits which supply power to various portions of the industrial facility.
Circuit breakers are provided in each branch circuit to facilitate protecting equipment
within the branch circuit. Additionally, circuit breakers in each branch circuit can
facilitate minimizing equipment failures since specific loads may be energized or de-
energized without affecting other loads, thus creating increased efficiencies, and
reduced operating and manufacturing costs. Similar switchgear may also be used
within an electric utility transmission system and a plurality of distribution

substations, although the switching operations used may be more complex.

[0003] Switchgear typically includes multiple devices other than the
power distribution system components to provide protection, monitoring, and control
of the power distribution system components. For example, at least some known
power distribution systems include a monitor device to monitor a performance of the

power distribution system, a control device to control an operation of the power
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distribution system, and a protection device to initiate a protective response when the

protection device is activated.

[0004] Further, at least some known power distribution systems
include a monitor and control system which operates independently of a protective
system. At least some known power distribution system includes a protective system
capable of initiating a shutdown command for a portion of the power distribution
system, which is not recorded by the monitoring system. For example, a protective
device may shut down a portion of the power distribution system based on its own
limits and the monitoring devices do not record the event. The failure of the
monitoring system to record the system shutdown may cause an operator to believe
that an over-current condition has not occurred within the power distribution system,
and a proper corrective action therefore is not initiated by the operator. Additionally,
a protective device, i.e. a circuit breaker, may open because of an over-current
condition in the power distribution system, and the control system may interpret the
over-current condition as a loss of power from the source power rather than a fault
condition. Further, the control logic may attempt to connect the faulted circuit to an
alternate source, thereby restoring the over-current condition, or the control logic may
receive information that the protective device has opened due to an over-current

condition and attempt to provide power to a load from an inactive circuit.

[0005] Accordingly, at least one known system includes a data
capture system éonﬁgured to capture current and/or voltage waveforms. The data
capture system includes dedicated hardware and wiring. The use of multiple devices
and interconnecting wiring associated with the devices may cause an increase in
equipment size, an increase in the complexity of wiring the devices, an increase in a
quantity of devices installed, and an increase in operational defects which may occur
using the devices. Additionally, there is no practical, low cost way of capturing the
system data and state, surrounding, i.e., before and after, trigger events, e.g., faults and

alarms, for all circuit breakers in the system.
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BRIEF DESCRIPTION OF THE INVENTION

[0006] In one aspect method for collecting power distribution sysiem
data is provided. The method includes communicatively coupling a plurality of node
electronic units to a digital network, communicatively coupling at least one central
control processing unit (CCPU) to the digital network, executing a data capture
software module running on the at least one CCPU wherein the module includes a
data capture buffer and a secondary buffer, and activating the data capture module in

response to a triggering event.

[0007] In another aspect, an apparatus for collecting power
distribution system data is provided. The apparatus includes a plurality of node
electronic units communicatively coupled to the network, at least one central control
processing unit (CCPU) communicatively coupled to the network, and a data capture
software module running on the at least one CCPU wherein the module includes a
data capture buffer and a secondary buffer wherein the module is configured to collect
data in the data capture buffer and the secondary buffer, and the module is configured

to activate in response to a triggering event.

[0008] In yet another aspect, an apparatus for collecting power
distribution system data is provided. The apparatus includes a plurality of node
electronic units communicatively coupled to a digital network, at least one CCPU
communicatively coupled to the digital network, and a data capture software module
running on the at least one CCPU wherein the module is configured to collect data
from the node electronics units and the CCPUs, and the module configured to activate
in response to a triggering event. The module includes an internal data management
(DM) module, and a data visualization, export, and processing (DVEP) module. The
DM includes at least two circular buffers that include a data capture buffer and a
secondary buffer, each buffer includes a predetermined collection interval wherein the
DM is configured to determine a capture interval length, freeze the data capture buffer
one capture interval time period after an event trigger is received, store a contents of
the capture buffer to a file, and transfer the file to DVEP. DVEP is configured to
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determine a parameter that initiated said event trigger, and automatically display the

parameter based on a predetermined format.
BRIEF DESCRIPTION OF THE DRAWINGS

[0009] Figure 1 illustrates an exemplary schematic illustration of a
power distribution system that may be used by an industrial or commercial facility for

example;

[0010] Figure 2 is an exemplary schematic illustration of a node
power distribution system that can be used with the power distribution system shown

in Figure 1;

[0011] Figure 3 is an exemplary schematic illustration of CCPU 24.
CCPU 24 that may be used with the power distribution system shown in Figure 1;

[0012] Figure 4 is an exemplary schematic illustration of a single
node electronic unit that may be used with the power distribution system shown in

Figure 1.

[0013] Figure 5 is an exemplary schematic illustration of a circuit

breaker that may be used with the power distribution system shown in Figure 1.

[0014] Figure 6 is an illustration of an exemplary data capture system

which can be used with the power distribution system shown in Figure 1.

[0015] Figure 7 is a schematic block diagram of a portion of data

management module that is shown in Figure 6.

[0016] Figure 8 is a flowchart illustrating an exemplary process that
may be employed by the data capture system shown in Figure 6.

DETAILED DESCRIPTION OF THE INVENTION

[0017] The methods and apparatus described herein, referred to as

system data capture describe an apparatus for a conditional logging, display or
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processing of data collected by a data capture Systemf In one embodiment, the method
operates in a real-time data capture mode. In another embodiment, the method is also
applicable to non-real-time systems. System data capture, when used with a circuit
breaker control and protection system, allows system data to be analyzed off-line.
Additionally, system data capture facilitates analysis of data collected from an entire
system, e.g. current and voltage measurements, and breaker state, to facilitate
identifying a plurality of fault types, and distinguishing between a legitimate fault and

a nuisance trip.

[0018] Figure 1 illustrates an exemplary schematic illustration of a
power distribution system 10, used by an industrial facility for example. In an
exemplary embodiment, system 10 includes at least one main feed system 12, a power
distribution bus 14, a plurality of power circuit switches or interrupters, also referred
to herein as a circuit breakers (CB) 16, and at least one load 18, such as, but not
limited to, motors, welding machinery, computers, heaters, lighting, and/or other

electrical equipment.

[0019] In use, power is supplied to a main feed system 12, i.e. a
switchboard for example, from a source (not shown) such as, but not limited to, a
steam turbine, powered from, for example, a nuclear reactor or a coal fired boiler, a
gas turbine generator, and a diesel generator. Power supplied to main feed system 12
is divided into a plurality of branch circuits using circuit breakers 16 which supply
power to various loads 18 in the industrial facility. In addition, circuit breakers 16 are
provided in each branch circuit to facilitate protecting equipment, i.e. loads 18,
connected within the respective branch circuit. Additionally, circuit breakers 16
facilitate minimizing equipment failures since specific loads 18 may be energized or
de-energized without affecting other loads 18, thus creating increased efficiencies, and

reduced operating and manufacturing costs.

[0020] Power distribution system 10 includes a circuit breaker
control protection system 19 that includes a plurality of node electronics units 20 that
are each electrically coupled to a digital network 22. Circuit breaker control
protection system 19 also includes at least one central control processing unit (CCPU)
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24 that is electrically coupled to digital network 22 via a switch 23 such as, but not
limited to, an Ethernet switch 23. In use, each respective node electronics unit 20 is
electrically coupled to a respective circuit breaker 16, such that CCPU 24 is
electrically coupled to each circuit breaker 16 through digital network 22 and through

an associated node electronics unit 20.

[0021] In the exemplary embodiment, digital network 22 is a Fast
Ethernet protocol network. In another embodiment, digital network 22 includes, for
example, at least one of a local area network (LAN) or a wide area network (WAN),
dial-in-connections, cable modems, and special high-speed ISDN lines. Digital
network 22 also includes any device capable of interconnecting to the Internet
including a web-based phone, personal digital assistant (PDA), or other web-based
connectable equipment. It should be appreciated that the digital network 22 network
is upgradeable based on future revisions to IEEE 802.3(u) and its successors. It
should further be appreciated that the digital network 22 is configurable, for example,

in a star topology.

[0022] In one embodiment, CCPU 24 is a computer and includes a
device 26, for example, a floppy disk drive or CD-ROM drive, to facilitate reading
instructions and/or data from a computer-readable medium 28, such as a floppy disk
or CD-ROM. In another embodiment, CCPU 24 executes instructions stored in
firmware (not shown). CCPU 24 is programmed to perform functions described
herein, but other programmable circuits can likewise be programmed. Accordingly, as
used herein, the term computer is not limited to just those integrated circuits referred
to in the art as computers, but broadly refers to computers, processors,
microcontrollers, microcomputers, programmable logic controllers, application
specific integrated circuits, and other programmable circuits. Additionally, although
described in a power distribution setting, it is contemplated that the benefits of the
invention accrue to all electrical distribution systems including industrial systems such
as, for example, but not limited to, an electrical distribution system installed in an

office building.
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[0023] Figure 2 is an exemplary schematic illustration of a node
power distribution system 29 that can be used with power distribution system 10
(shown in Figure 1) and more specifically, with circuit breaker control protection
system 19 (shown in Figure 1). Node power distribution system 29 includes a power
source 30 that is electrically coupled to node electronics units 20 through a node
power distribution bus 32. In an exemplary embodiment, power source 30 is an
uninterruptible power supply (UPS). In one embodiment, power source 30 receives
power from power distribution system 10 and then distributes this power to node
electronics units 20 through node power distribution bus 32. In an alternative
embodiment, power is not supplied to power source 30, but rather, power source 30
supplies power to node electronics units 20 using an internal power supply, such as,
but not limited to, a plurality of batteries (not shown). In another alternate
embodiment, node electronic units 20 are powered by secondary current available
from current sensor 82 and/or voltage sensor 84. In this embodiment, circuit breaker
control protection system 19 would not include node power distribution system 29,

power source 30, or node power distribution bus 32.

[0024] Figure 3 is an exemplary schematic illustration of CCPU 24.
CCPU 24 includes at least one memory device 40, such as, but not limited to, a read
only memory (ROM) 42, a flash memory 44, and/or a random access memory (RAM)
46. CCPU 24 also includes a central processor unit (CPU) 48 that is electrically
coupled to at least one memory device 40, as well as an internal bus 50, a
communications interface 52, and a communications processor 54. In an exemplary
embodiment, CCPU 24 is a printed circuit board and includes a power supply 56 to
supply power to a plurality of devices on the printed circuit board. In another
alternate embodiment, node electronic units 20 are powered by secondary current
available from current sensor 82 and/or voltage sensor 84. In this embodiment, circuit
breaker control protection system 19 would not include node power distribution

system 29, power source 30, or node power distribution bus 32.

[0025] Additionally, in an exemplary embodiment, internal bus 50

includes an address bus, a data bus, and a control bus. In use, the address bus is
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configured to enable CPU 48 to address a plurality of internal memory locations or an
input/output port, such as, but not limited to communications interface 52 through
communications processor 54, and a gateway interface 58, through a gateway
processor 56. The data bus is configured to transmit instructions and/or data between
CPU 48 and at least one input/output, and the control bus is configured to transmit
signals between the plurality of devices to facilitate ensuring that the devices are
operating in synchronization. In the exemplary embodiment, internal bus 50 is a bi-
directional bus such that signals can be transmitted in either direction on internal bus
50. CCPU 24 also includes at least one storage device 60 configured to store a

plurality of information transmitted via internal bus 50.

[0026] In use, gateway interface 58 communicates to a remote
workstation (not shown) via an Internet link 62 or an Intranet 62. In the exemplary
embodiment, the remote workstation is a personal computer including a web browser.
Although a single workstation is described, such functions as described herein can be
performed at one of many personal computers coupled to gateway interface 58. For
example, gateway interface 58 may be communicatively coupled to various
individuals, including local operators and to third parties, e.g., remote system
operators via an ISP Internet connection. The communication in the example
embodiment is illustrated as being performed via the Internet, however, any other
wide area network (WAN) type communication can be utilized in other embodiments,
i.e., the systems and processes are not limited to being practiced via the Internet. In
one embodiment, information is received at gateway interface 58 and transmitted to
node electronics unit 20 via CCPU 24 and digital network 22. In another
embodiment, information sent from node electronics unit 20 is received at

communication interface 52 and transmitted to Internet 62 via gateway interface 58.

[0027] Figure 4 is an exemplary schematic illustration of single node
electronic unit 20. In the exemplary embodiment, node electronic unit 20 is a unitary
device mounted remotely from CCPU 24 and circuit breaker 16. In an exemplary
embodiment, node electronic unit 20 is separate from, but proximate to circuit breaker

16. In an exemplary embodiment, node electronic unit 20 is a printed circuit board.
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[0028] In one embodiment, node electronics unit 20 receives signals
input from a plurality of devices, such as, but not limited to, a current sensor 82, a
voltage sensor 84, and/or circuit breaker 16. Status signals from circuit breaker 16
can include signals related to one or more conditions of the breaker, such as, but not
limited to, an auxiliary switch status, and a spring charge switch status. Additionally,
node electronics unit 20 sends signals to at least circuit breaker 16 in order to control

one or more states of the breaker.

[0029] In wuse, signals are transmitted to CCPU 24 via node
electronics unit 20, and digital network 22. Node electronics unit 20 receives the
signals and packages a digital message that includes the signals and additional data
relating to a health and status of node electronics unit 20. The health and status data
may include information based on problems found by internal diagnostic routines and
a status of self checking routines that run locally in node electronics unit 20. CCPU 24
processes digital message using one or more protection algorithms, monitoring
algorithms, and any combination thereof. In response to the processing of digital
message, CCPU 24 sends digital message back to node electronics unit 20 via digital
network 22. In the exemplary embodiment, node electronics unit 20 actuates circuit
breaker 16 via signal in response to digital message received from CCPU 24. In one
embodiment, circuit breaker 16 is actuated in response to commands sent only by
CCPU 24, i.e., circuit breaker 16 is not controlled locally by node electronics unit 20,
but rather is operated remotely from CCPU 24 based on digital message received from

node electronics unit 20 over network 22,

[0030] Figure 5 is an exemplary schematic illustration of circuit
breaker 16 that is electrically coupled to node electronics unit 20. In the exemplary
embodiment, circuit breaker 16 includes a switch assembly that includes movable
and/or stationary contacts, an arc suppression means, and a tripping and operating
mechanism. Circuit breaker 16 includes only a trip coil 100, a close coil 102, an
auxiliary switch 104, a spring charge switch 106, and a motor 108. Circuit breaker 16
does not include a trip unit. The various components of breaker 16 (e.g., trip coil 100,

close coil 102, auxiliary switch 104, spring charge switch 106, motor 108) can be
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powered by node electronics unit 20. Alternately, breaker 16 can be powered by

secondary current available from current sensor 82 and/or voltage sensor 84.

[0031] Circuit breaker 16 is in electrical communication with node
electronics unit 20 through a wiring hamess, which may include copper wiring,
communications conduits, and any combination thereof. Current sensor 82, and
voltage sensor 84 are in electrical communication with node electronics unit 20
through a cable that may include copper wiring, communications conduits, and any
combination thereof. In an exemplary embodiment, circuit breaker 16 is a unitary
device mounted proximate to node electronics unit 20, current sensor 82, and voltage

sensor 84.

[0032] In use, actuation signals from node electronics unit 20 are
transmitted to circuit breaker 16 to actuate a plurality of functions in circuit breaker
16, such as, but not limited to, operating a trip coil 100, operating a close coil 102, and
affecting a circuit breaker lockout feature. An auxiliary switch 104 and operating
spring charge switch 106 provide a status indication of circuit breaker parameters to
node electronics unit 20. Motor 108 is configured to recharge an operating spring,
configured as a close spring (not shown) after circuit breaker 16 closes. It should be
appreciated that the motor 108 can include, for example, a spring charge switch, a
solenoid or any other electro-mechanical device capable of recharging a trip spring.
To close circuit breaker 16, a close coil 102 is energized by a close signal from
actuation power module (not shown). Close coil 102 actuates a closing mechanism
(not shown) that couples at least one movable electrical contact (not shown) to a
corresponding fixed electrical contact (not shown). The closing mechanism of circuit
breaker 16 latches in a closed position such that when close coil 102 is de-energized,
circuit breaker 16 remains closed. When breaker 16 closes, an "a" contact of auxiliary
switch 104 also closes and a "b" contact of auxiliary switch 104 opens. The position
of the "a" and "b" contacts is sensed by node electronics unit 20. To open circuit
breaker 16, node electronics unit 20 energizes trip coil (TC) 100. TC 100 acts directly
on circuit breaker 16 to release the latching mechanism that holds circuit breaker 16

closed. When the latching mechanism is released, circuit breaker 16 will open,
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opening the "a" contact and closing the "b" contact of auxiliary switch 104. Trip coil
100 is then de-energized by node electronics unit 20. After breaker 16 opens, with the
close spring recharged by motor 108, circuit breaker 16 is prepared for a next
operating cycle. In the exemplary embodiment, each node electronics unit 20 is
coupled to circuit breaker 16 in a one-to-one correspondence. For example, each node
electronics unit 20 communicates directly with only one circuit breaker 16. In an
alternative embodiment, node electronics unit 20 may communicate with a plurality of

circuit breakers 16.

[0033] Figure 6 is an illustration of an exemplary data capture system
600 which can be used with power distribution system 10 shown in Figure 1. In an
exemplary embodiment, data capture system 600 includes an internal data
management (DM) module 602, and a data visualization, export and/or processing
(DVEP) module 604 coupled to an interface 606. Interface 606 receives raw input
data from all node electronics units operating on power distribution system 10 through
a connection 608. The data is sent to a CCPU processing module 610 through
connection 612 for further processing by CCPU 24. The data is also sent to data
management module 602 through connection 614 for capture in buffers internal to
data management module 602. An event trigger 616 initiates the data capture process
within data management module 602. Event trigger 616 may be an internal trigger
generated within CCPU 24 based on an output of predetermined conditioned logic that
may be based on CCPU 24 calculations and/or a user’s requirements. Event trigger
616 may be an external trigger generated by components communicating with CCPU
24 that sense a triggering event or calculate a result that indicates a data capture
condition. In one embodiment, components communicating with CCPU 24 include,
for example, an external distributed control system (DCS) (not shown), a network
switch 23, a network hub (not shown), and a node electronics unit 20. After
processing the event, data management module 602 transmits a file of the captured
data through connection 618 to data visualization, export and/or processing (DVEP)
module 604 where it is further processing and handled for future analysis and

troubleshooting of power distribution system 10.

-11-



WO 03/073178 PCT/US03/05451

[0034] Figure 7 is a schematic block diagram of a portion 700 of data
management module 602 that is shown in Figure 6. Data management module 602
includes at least two buffers that are initialized and executed upon startup of data
management module 602. The at least two buffers include a capture buffer 702 and a
secondary buffer 704. Upon startup of data management module 602, buffers 702 and
704 are operable to collect and store a plurality of data received from interface 606. In
one embodiment, a third buffer 706 is initialized at startup of data management
module 602 but, is not active until data management module 602 receives an event
trigger 616. In another embodiment, third buffer 706 is not initialized until data
management module 602 receives an event trigger 616. Each buffer 702, 704, and
706 is initialized to include a plurality of storage locations for data packets received
from interface 606. Each buffer is also initialized to be able to store a predetermined
number of data packets based on a default or a number selectable by a user. Buffers
702, 704, and 706 are configured as circular buffers, such that, when the buffer
becomes full, it writes over the oldest data with the newest received data in a circular
fashion. The size of the buffers, or the collection interval 710, facilitates determining
the amount of time the buffers can store data until they begin writing over old data, or
the size of the buffers facilitates determining the length of the time window the
buffers are able to hold. A capture interval 712 represents approximately one half of
collection interval 710. When an event trigger is received by data management
module 602, data management module 602 determines the length of capture interval
712 based on the length of collection interval 710. After receipt of an event trigger,
capture buffer 702 will continue collecting data for a time period corresponding to
capture interval 712 and then capture buffer 702 will freeze, or cease taking data and
assume an inactive state. Additionally, secondary buffer 704 will be identified as the
new capture buffer and third buffer 706 will be initialized, activated, and identified as
the new secondary buffer. In this way, data management module 602 is prepared to
receive and process a subsequent event trigger. After capture buffer 702 is frozen and
made inactive, its contents are stored in a file and data visualization, export and/or

processing (DVEP) module 604 is sent the file location for further processing.
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[0035] Figure 8 is a flowchart 800 illustrating an exemplary process
that may be employed by data capture system 600. DM module 602 is configured to
continuously collect 802 and buffer data received from a plurality of node electronic
units 20, such that when a trigger event occurs 804, either an internal trigger or an
external trigger, a capture time interval surrounding the trigger event is determined
806. Data management module 602 includes a plurality of circular data buffers for
storing incoming data at a high speed. A first buffer 702 and a second buffer 704
collect 802 incoming data continuously. A third buffer 706 is inactive until a trigger
event occurs 804. Buffers 702, 704, and 706 are arranged as circular buffers to allow
data to be stored continuously, with the newer data overwriting the older data. Each
buffer 702, 704, and 706 includes a plurality data storage locations 708 that store the
incoming data for an interval 710 predetermined by a user. The length of interval 710
determines the amount of data stored in each buffer 702, 704, and 706, the amount of
memory required to store the data, and the time interval captured by each buffer 702,
704, and 706.

[0036] In use, buffers 702 and 704 are active and collect 802 data
coincidently, each buffer containing a copy of the same data as the other buffer.
When a trigger event occurs 804, for example at a time zero (tp), data management
module 602 determines 806 a capture interval 712, that is approximately equal to one
half of interval 710, and initializes and activates 808 third buffer 706. At time zero,
all three buffers are active and collecting identical copies of incoming data. Buffers
702 and 704 contain data history approximately equal to interval 710. The buffers
702, 704, and 706 continue collecting data for a period approximately equal to interval
712, or a time one (t;). At t;, buffer 702 ceases collecting 810 data, transfers 814 the
collected data to data visualization, export and/or processing (DVEP) module 604,
and assumes 816 an inactive state. Buffers 704 and 706 continue collecting data until
a second trigger event wherein buffer 704 assumes 818 the role of the data capture
buffer third buffer 706 becomes 820 the secondary buffer and a fourth buffer (not

shown) is activated. The process continues in this manner indefinitely.
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[0037] A data capture methodology as described above allows
capture of power distribution system 10 data from all node electronics units 20 and
CCPU 24 that includes an interval 712 of data captured before the triggering event

occurred and an interval 712 of data captured after the triggering event occurred.

[0038] Data visualization, export and/or processing (DVEP) module
604 receives 822 the captured data file from data management module 602 and further
processes 824 the data to allow access to data that includes, for example, state
information of each node electronics unit 20, each circuit breaker 16, power
distribution system 10 electrical parameters, and CCPU 24 state information. The
captured data file includes data in its raw form, meaning as received from each node
electronics unit 20, CCPU 24, and other components in power distribution system 10.
Data visualization, export and/or processing (DVEP) module 604, for example, opens
the capture data file, extracts data relevant to the triggering event, formats the data in a
predetermined format, and presents 826 the formatted data on a predetermined display
for observation by a user. Data visualization, export and/or processing (DVEP)
module 604 also prepares the captured data for further manipulation by the user and

export to other computer systems or data handling modules.

[0039] Data capture system 600 facilitates capturing data for at least
one of, display, export, and processing, based on at least one criteria, such as, but not
limited to, current/voltage levels of power distribution system 10, a specified
collection time, and, a plurality of event sequences. Continuous data collection,
facilitates ensuring that pre-trigger data has been collected. Additionally, system 600
facilitates providing an integrated mechanism for the conditional visualization, export
and/or processing of data collected by system 600. Within the context of circuit
power distribution system 10, system 100 data capture capabilities, such as, but not
limited to, system data analysis for nuisance trip verification, can be integrated into
CCPU 24, without disrupting power distribution system 10 real time data capture and

protection functions.

[0040] As described herein, system 600 is configured to capture data
from power distribution system 10 when a trigger, internal or external, is activated in
-14-
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DM module 602 and facilitates continuous data collection display/export/visualization
of specified pre-trigger data using DVEP module 604. Additionally, optional DVEP
scheduling and prioritization is provided to support integrated system data capture

without disrupting real-time system execution.

[0041] While the invention has been described in terms of various
specific embodiments, those skilled in the art will recognize that the invention can be

practiced with modification within the spirit and scope of the claims.
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WHAT IS CLAIMED IS:

1. A method for collecting power distribution system data, said

method comprising:

communicatively coupling a plurality of node electronic units to a

digital network;

communicatively coupling at least one central control processing unit
(CCPU) to the digital network;

executing a data capture module, wherein the module comprises a data

capture buffer and a secondary buffer; and
activating the data capture module in response to an event.

2. A method in accordance with Claim 1 further comprising capturing
data from the plurality of node electronics units in at least two buffers wherein each

buffer is a circular buffer.

3. A method in accordance with Claim 2 wherein said capturing data
in at least two buffers comprises capturing raw data from at least one of all node

electronics units coupled to the network and the CCPU.

4. A method in accordance with Claim 3 wherein said capturing raw
data from at least one of all node electronics units coupled to the network and the
CCPU comprises capturing at least parameter selected from the group consisting of: a
power distribution system current, a power distribution system voltage, and a circuit

breaker state.

5. A method in accordance with Claim 2 wherein said capturing data
in at least two buffers comprises capturing data in buffers that include a predetermined

collection interval.

6. A method in accordance with Claim 2 wherein said capturing data

in at least two buffers comprises capturing data in at least one buffer at all times.
-16-
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7. A method in accordance with Claim 1 wherein said executing a

data capture module comprises monitoring an event input.

8. A method in accordance with Claim 7 wherein said monitoring an
event input is at least one event selected from the group consisting of: an external

event and an internal event.

9. A method in accordance with Claim 8 wherein said external event
is generated from at least one of:a node electronics unit, a network switch, a network

hub, and an external system trigger.

10. A method in accordance with Claim 8 wherein said internal event

is generated from at least one of: CCPU hardware and CCPU software.

11. A method in accordance with Claim 1 wherein said activating the
data capture system comprises activating a data capture system including an internal
data management (DM) module, and a data visualization, export, and processing
(DVEP) module.

12. A method in accordance with Claim 11 wherein said activating the

data capture system including an internal data management (DM) module which

comprises:

determining a capture interval length;

capturing identical data in at least one additional buffer after an event
trigger is received;

freezing the data capture buffer one capture interval time period after

an event trigger is received; and
transferring the captured data to the DVEP.

13. A method in accordance with Claim 12 wherein said determining a
capture interval comprises determining a capture interval length to be approximately

one-half of the collection interval length.
-17-
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14. A method in accordance with Claim 12 wherein said freezing the
data capture buffer comprises freezing the data capture buffer such that the data
capture buffer includes one data capture interval time period of data captured prior to

the event and one data capture time interval of data captured after the event.

15. A method in accordance with Claim 12 wherein said freezing the
data capture buffer one capture interval time period after the event is received
comprises extending the capture interval length when a second event is received

during the capture interval time period.

16. A method in accordance with Claim 12 wherein said transferring
the data to the DVEP further comprises:

determining at least one parameter that describes the initiated event;

and
displaying the parameters based on a predetermined format.

17. A method in accordance with Claim 16 wherein said displaying the
parameter based on a predetermined format comprises automatically displaying the

parameters based on a predetermined format.

18. A method in accordance with Claim 1 wherein activating the data
capture module further comprises preparing the data capture buffer and the secondary

buffer for a subsequent event.

19. A method in accordance with Claim 18 wherein preparing the data

capture buffer and the secondary buffer comprises:
deactivating the data capture buffer;
identifying the secondary buffer as a data capture buffer; and

initiating a new secondary buffer.

-18-
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20. An apparatus for collecting power distribution system data, said

apparatus comprising:

a plurality of node electronic units communicatively coupled to a
digital network;

at least one central control processing unit (CCPU) communicatively

coupled to said digital network; and

a data capture module, wherein said module includes a data capture
buffer and a secondary buffer, said module configured to collect data in said data
capture buffer and said secondary buffer, and said module configured to activate in

response to an event.

21. An apparatus in accordance with Claim 20 wherein said apparatus

comprises at least two circular buffers.

22. An apparatus in accordance with Claim 21 wherein said buffers

include a predetermined collection interval.

23. An apparatus in accordance with Claim 21 wherein said at least

two buffers are configured to capture data in at least one buffer at all times.

24. An apparatus in accordance with Claim 20 wherein said apparatus
is configured to capture data from at least one of all node electronics units coupled to
said network and said CCPU.

25. An apparatus in accordance with Claim 24 wherein said apparatus
is configured to capture at least one parameter selected from the group consisting of: a
power distribution system current, a power distribution system voltage, and a circuit

breaker state.

26. An apparatus in accordance with Claim 20 wherein said data

capture module is configured to monitor an event input.
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27. An apparatus in accordance with Claim 26 wherein said event is at
least one selected from the group consisting of: an external event and an internal

event.

28. An apparatus in accordance with Claim 27 wherein said external
event is generated from at least one selected from: a node electronics unit event trigger
input, a network switch event trigger input, a network hub event trigger input, and an

external system event trigger input.

29. An apparatus in accordance with Claim 27 wherein said internal
event is generated from at least one select from: a CCPU hardware event trigger input

and a CCPU software event trigger input.

30. An apparatus in accordance with Claim 20 wherein said apparatus
comprises an internal data management (DM) module, and a data visualization,

export, and processing (DVEP) module.

31. An apparatus in accordance with Claim 30 wherein said internal

data management (DM) module is configured to:
determine a capture interval length;

capture identical data in at least one additional buffer after an event

trigger is received,

freeze said data capture buffer one capture interval time period after an

event trigger is received; and
transfer said captured data to said DVEP.

32. An apparatus in accordance with Claim 31 wherein said capture

interval length is approximately one-half of said collection interval length.

33. An apparatus in accordance with Claim 31 wherein said frozen data
capture buffer comprises one data capture interval time period of data captured prior

to said event and one data capture time interval of data captured after said event.
-20-
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-34. An apparatus in accordance with Claim 31 wherein said apparatus

is further configured to:

determine a parameter that that describes the initiated event trigger;

and
display said parameter based on a predetermined format.

35. An apparatus in accordance with Claim 34 wherein said apparatus
is further configured to automatically display said parameter based on a predetermined

format.

36. An apparatus in accordance with Claim 20 wherein said apparatus
is further configured to prepare said data capture buffer and said secondary buffer for

a subsequent event.

37. An apparatus in accordance with Claim 36 wherein said apparatus

is further configured to:
deactivate said data capture buffer;
identify said secondary buffer as a data capture buffer; and
initiate a new secondary buffer.

38. An apparatus for collecting power distribution system data, said

apparatus comprising:

a plurality of node electronic units communicatively coupled to a

digital network;

at least one central control processing unit (CCPU) communicatively

coupled to said digital network; and
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a data capture module, said module configured to collect data from said
node electronics units and said CCPU, and said module configured to activate in

response to an event, said module comprising:

an internal data management (DM) module, and a data
visualization, export, and processing (DVEP) module, said DM comprises at least two
circular buffers that include a data capture buffer and a secondary buffer, each said

buffers include a predetermined collection interval wherein said DM is configured to:
determine a capture interval length;

freeze said data capture buffer one capture interval time

period after said event is received; and

transfer said captured data to said DVEP wherein said
DVEP is configured to determine at least one parameter that
describes said initiated event trigger, and to automatically

display said parameter based on a predetermined format.

39. An apparatus in accordance with Claim 38 wherein said apparatus
is further configured to deactivate said data capture buffer, identify said secondary

buffer as a data capture buffer, and initiate a new secondary buffer.
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