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(57) Abstract: A method and system for monitoring and controlling a power distribution system is provided. The system includes a
plurality of circuit breakers and a plurality of node electronic units. Each node electronic unit is mounted remotely from an associated
circuit breaker that is electrically coupled with one of the node electronic units. The system also includes a first digital network, and
a first central control unit. The first central control unit and the plurality of node electronic units are communicatively coupled to the
first digital network. The method includes receiving digital signals from each node electronic unit at the central control unit, deter-

mining an operational state of the power distribution system from the digital signal, and transmitting digital signals to the plurality
of node electronic units such that the circuit breakers are operable from the first central control unit.
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INTEGRATED PROTECTION, MONITORING AND
CONTROL SYSTEM

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 may be distributed throughout 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 include multiple devices, other than the
power distribution system components, to facilitate providing protection, monitoring,
and control of the power distribution system components. For example, at least some
known breakers include a plurality of shunt trip circuits, under-voltage relays, trip
units, and a plurality of auxiliary switches that close the breaker in the event of an
undesired interruption or fluctuation in the power supplied to the power distribution
components. Additionally, at least one known power distribution system also
includes a monitor device that monitors a performance of the power distribution

system, a control device that controls an operation of the power distribution system,
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and a protection device that initiates a protective response when the protection device

is activated.

[0004] In at least some other known power distribution systems, a
monitor and control system operates independently of the protective system. For
example, a protective device may de-energize a portion of the power distribution
system based on its own predetermined operating limits, without the monitoring
devices recording the event. The failure of the monitoring system to record the
system shutdown may mislead an operator to believe that an over-current condition
has not occurred within the power distribution system, and as such, a proper
corrective action may not be 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, but the control system may interpret the over-current
condition as a loss of power from the power source, rather than a fault condition. As
such, the control logic may undesirably attempt to connect the faulted circuit to an
alternate source,‘ thereby restoring the over-current condition. In addition to the
potential increase in operational defects which may occur using such devices, 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,

and/or an increase in a quantity of devices installed.
BRIEF DESCRIPTION OF THE INVENTION

[0005] In one aspect, a method for monitoring and controlling a
power distribution system is provided. The system includes a plurality of circuit
breakers, a plurality of node electronic units, each node electronic unit mounted
remotely from an associated circuit breaker, each associated circuit breaker
electrically coupled with each respective node electronic unit, a first digital network,
and a first central control unit including a first power system global information set
wherein the first central control unit and the plurality of node electronic units are
communicatively coupled to the first digital network through a communication
network interface. The method includes receiving at least one digital signal from each

node electronic unit at a central control unit, determining an operational state of the
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power distribution system from the digital signal, and transmitting at least one digital
signal to the plurality of node electronic units such that the circuit breakers are

operable from the first central control unit.

[0006] In another aspect, a power distribution system is provided.
The system includes a plurality of circuit breakers, a plurality of node electronic units
wherein each node electronic unit is mounted remotely from the plurality of circuit
breakers, and wherein each respective circuit breaker is electrically coupled with each
respective node electronic unit. Each respective node electronic unit is configured to
receive signals from it’s respective circuit breaker; and to transmit signals to the
respective circuit breaker. The system also includes a digital network, and a first
central control unit wherein the first central control unit and the plurality of node
electronic units are communicatively coupled to the digital network, and the first
central control unit is configured to receive digital signals from the plurality of node
electronic units, determine an operational state of the power distribution system from
the digital signals, and transmit digital signals to the plurality of node electronic units

such that the circuit breakers are operable from the first central control unit.
BRIEF DESCRIPTION OF THE DRAWINGS

[0007] Figure 1 is an exemplary schematic illustration of a power

distribution system;

[0008] Figure 2 is an exemplary schematic illustration of a node

power system;

[0009] Figure 3 is an exemplary schematic illustration of a central
control processing unit that may used with the power distribution system shown in

Figure 1;

[0010] Figure 4 is an exemplary schematic illustration of a node

electronic unit that may used with the power distribution system shown in Figure 1;

[0011] Figure 5 is an exemplary schematic illustration of a circuit

breaker that may used with the power distribution system shown in Figure 1;
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[0012] Figure 6 is a flow chart illustrating an exemplary embodiment

of a method 200 for operating power distribution system shown in Figure 1;

[0013] Figure 7 is a flow chart illustrating an exemplary embodiment

of a method 300 for operating power distribution system shown in Figure 1;

[0014] Figure 8 is a flow chart illustrating an exemplary embodiment

of a method 400 for operating power distribution system shown in Figure 1.
DETAILED DESCRIPTION OF THE INVENTION

[0015] 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.

[0016] 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.

[0017] 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
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protection system 19 also includes at least one central control processing unit (CCPU)
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.

[0018] 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.

[0019] 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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[0020] 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.

[0021] 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.

[0022] 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
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 57, through a gateway
processor 58. 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
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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.

[0023] In use, gateway interface 57 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 57. For
example, gateway interface 57 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 57 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 57.

[0024] 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.

[0025] 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,
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node electronics unit 20 sends signals to at least circuit breaker 16 in order to control

one or more states of the breaker.

[0026] In use, 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.

[0027] 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
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.

[0028] Circuit breaker 16 is in electrical communication with node
electronics unit 20 through a wiring harness, which may include copper wiring,

communications conduits, and any combination thereof. Current sensor 82, and
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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.

[0029] 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,
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
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an alternative embodiment, node electronics unit 20 may communicate with a

plurality of circuit breakers 16.

[0030] Figure 6 is a flow chart illustrating an exemplary embodiment
of a method 200 for operating power distribution system 10 shown in Figure 1.
Method 200 for monitoring and controlling a power distribution system 10 includes
electrically coupling 202 a plurality of circuit breakers 16 to a power distribution bus
14, and electrically coupling a plurality of node electronic units 20 to circuit breakers
16, wherein each node electronic unit 20 is mounted remotely from a circuit breaker
16 associated with node electronics unit 20, and each respective circuit breaker 16 is
electrically or communicatively coupled with each respective node electronic unit 20.
In the exemplary embodiment, node electronics unit 20 is coupled to its associated
circuit breaker 16 through a wiring harness. In an alternative embodiment, node
electronics unit 20 is coupled communicatively through, for example, but not limited
to, a fiber-optic line, or a wireless link to circuit breaker 16. Each respective node
electronic unit 20 is configured to receive signals from the respective circuit breaker
16, and transmit signals to the respective circuit breaker 16. CCPU 24 and the
plurality of node electronic units 20 are communicatively coupled to digital network
22. CCPU 24 is configured to receive digital signals from the plurality of node
electronic units 20 and transmit digital signals to the plurality of node electronic units
20 such that circuit breakers 16 are operable from CCPU 24. In the exemplary
embodiment, circuit breakers 16 and node electronic units 20 are coupled in a one-to-
one correspondence, that is, each circuit breaker 16 is coupled and receives signals
from only one node electronic unit 20, and each node electronic unit 20 is coupled to
only one circuit breaker 16. Likewise, a set of sensors associated with the respective
circuit breaker 16 is coupled to the respective node electronics unit 20 associated with
that circuit breaker 16. The set of sensors are coupled to node electronics unit 20 in a
one-to-one correspondence wherein each sensor communicates an electrical parameter
associated with one circuit breaker 16 to only the node electronics unit 20 associated
with that circuit breaker 16. In the exemplary embodiment, the sensors and node
electronics unit 20 are coupled electrically. In an alternative embodiment, the sensors

and node electronics unit 20 may be coupled communicatively through, for example,
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but not limited to, a fiber-optic line, or a wireless link. Each circuit breaker 16
operation is initiated by its associated node electronic unit 20, and each circuit breaker
16 has only manual trip and closure operability on its own. In one embodiment,
manual or local circuit breaker 16 operability may be overridden by a lockout
command initiated by CCPU 24. Node electronic unit 20 initiates a circuit breaker
actuation command internally or relays a circuit breaker actuation command from
CCPU 24 to circuit breaker 16. CCPU 24 transmits circuit breaker actuation
commands in a packet of data over network 22 via a broadcast message. Each node
electronic unit 20 receives all broadcast messages transmitted over network 22 and
parses each data packet to extract data and commands specific to each node electronic

unit 20.

[0031] Method 200 includes receiving 204 data from at least one
node electronics unit 20 by CCPU 24. Node electronics unit 20 receives data from its
associated circuit breaker 16 and respective sensors and transmits the raw data
received from circuit breaker 16 to CCPU 24 via a unicast message transmitted over
network 22. A unicast message is a message sent over network 22 addressed to a
specific node, such that any other node receiving a unicast message will not process
the message. In the exemplary embodiment, each node electronics unit 20 sends a
unicast message to each CCPU 24 that is coupled to network 22 and no node
electronics unit 20 will process a unicast message addressed to any CCPU 24. Raw
data may include operational values and state information that has not been processed
by node electronics unit 20 other than to package the data in digital form compatible
with transmission over network 22. CCPU 24 receives 204 data packets from each
node electronics unit 20 operating on system 10. The data packets include for
example, but, not limited to, circuit breaker load current and voltage values, circuit
breaker state information, including breaker open, breaker closed and spring charge
state, a node electronics unit state, and additional state and status information included
by node electronics unit 20 specific to the operating condition of circuit breaker 16
and node electronics unit 20. From the data packets received 204 from all node
electronics units 20, algorithms running on CCPU 24 determine 206 a power

distribution system state. Data from all node electronics units 20 is assimilated to
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create a global information set of the operation of distribution system 10. Using the
global information set, CCPU 24 determines 208 a set of CCPU commands and
actions which may satisfy system optimization algorithms running on CCPU 24. In
one embodiment, the set of CCPU commands and actions includes protection
commands and actions 210, relay commands and actions 212, monitoring commands

and actions 214, and control commands and actions 216.

[0032] Protection commands and actions 210 include, for example,
but, not limited to, instantaneous overcurrent action, a short time overcurrent action, a
long time overcurrent action, a ground fault action, and a zone selective interlock
action. Instantaneous overcurrent action, a short time overcurrent action, a long time
overcurrent action relate to a time versus curve relationship that determines when
circuit breaker 16 should be tripped in order to protect a load, the interconnecting
cabling, the switchgear bussing and/or circuit breaker 16 during a fault condition on
the circuit.. Generally, the higher the magnitude of the fault current, the shorter the
allowable time delay before action is taken to isolate the fault. A ground fault action
provides protection of equipment from line-to-ground fault currents by operating to
trip circuit breaker 16 to open all ungrounded conductors of the faulted circuit, and a
zone selective interlock action may be used to reduce stress on electrical distribution
equipment during fault conditions by reducing the time it takes to clear a fault, while
maintaining system coordination between overcurrent protection devices. Zone
selective interlock action determines optimal settings for circuit breaker trip values
including, for example, instantaneous, short term and long term current trips.
Additionally, zone selective interlock action is able to realign loads prior to a circuit
breaker trip to avoid a trip rather than reacting to a circuit breaker trip. Zone selective
interlock action is a software algorithm, so the zone interlock trip scheme may be
revised as conditions in system 10 change without rewiring a hardware interlock
controller or reprogramming, as is required in at least some known software interlock

controllers.

[0033] Relay commands and actions 212 include a voltage action, a

frequency action, a ground fault relay action, a bus differential action

-12-



WO 03/073221 PCT/US03/05590

[0034] Monitoring commands and actions 214 includes a circuit
breaker current, a circuit breaker voltage, a power system event, a set of power quality
parameters, a meter function, and a health/availability indication. The power system
event may include a load warning, a trip indication, and a waveform capture. The

meter function may include an energy flow, and a demand.

[0035] Control commands and actions 216 include, for example, a
basic function, and a system function. Thé basic function includes a manual function,
a startup function, and a maintenance function. The system function may include an
automatic throwover function, a balanced power supply function, and a load pickup
function. Balanced power supply function pro-actively determines an optimal power
supply line-up for distribution system 10. By using global load current data from all
circuit breakers 16 and sensors through node electronics units 20, CCPU 24 evaluates
power supply margins, and operation and determines an optimal lineup of power

supply sources to satisfy predetermined criteria.

[0036] The determined 208 set of CCPU commands and actions are
transmitted 218 over network 22 to all node electronics units 20 from CCPU 24. In
one embodiment, the transmitted 218 set of CCPU commands and actions includes a
circuit breaker open and close command 222. Each node electronics unit 20 receives
information for all node electronics units 20 and removes data specific to it and its
associated circuit breaker 16. Each node electronics unit 20 updates its memory to
incorporate the information received. Each node electronics unit 20 sends signals to
its associated circuit breaker 16 to operate 224 circuit breaker 16 in accordance with

the received information.

[0037] In use, method 200 facilitates providing an advanced
optimized protection system and adaptive control through a centralized control
architecture and conditional based operation. In the exemplary embodiment, power
distribution system 10 includes a circuit breaker control protection system architecture
with a centralized control, i.e. CCPU 24 which facilitates providing various optimized
protections that are based on a plurality of global information obtained from

electronic node electronic units 20 and breakers 16 positioned at varying locations in
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system 10. All system information, including breaker status information and voltages
and currents associated with each breaker is sent from local node electronic units 20
to a central location in a one-to-one relationship with each breaker 16. In addition a
plurality of physically relevant parameters of breakers 16 are read by node electronics
units 20 facilitate monitoring a plurality of physical states, such as, but not limited to,
a breaker open state, a breaker closed state, and a breaker locked-out state, and a
plurality of responses to actuation commands from each circuit breaker 16.
Additionally, using a network architecture based on fast communication protocol
facilitates ensuring the same approximate latency as in known trip units. For
example, since all the raw (unprocessed) data is sent to CCPU 24, CCPU 24 can
perform optimal and adaptive control based on all the information available from all
electronic node units 20. Accordingly, a decision is made by CCPU 24 based on the
global information received from all electronic node units 20, rather then local
information that would normally be available at each breaker. In one embodiment,
optimal protection procedures, including an optimal coordination of protection among
layers of devices, i.e. circuit breakers 16, is performed by CCPU 24 such that only a
circuit breaker 16 closest to a fault is tripped by CCPU 24. In addition, a backup

protection provided at a layer closest to a fault.

[0038] In another exemplary embodiment, CCPU 24bis configured to
adjust a trip time delay of each circuit breaker 16 to facilitate responding to a severity
of a short detected at CCPU 24. Additionally, an optimal selection of one or more of
a variety of power sources or optimum switching from one-source to another is
provided. The above examples are described as specific examples of optimization,
accordingly, system 10 described herein is not limited to these specific described

optimizations.

[0039] In use, system 10 facilitates providing a system wide optimal
protection based on system wide data and condition monitoring. Additionally, real
time operation is achieved with flexible delays, and a set of low cost circuit breakers
is accessed through a high-speed network through the use of node or local electronics.
System 10 also facilitates reduced wiring requirements since all the node electronic
units 24 are connected using a single digital network, and facilitates providing an
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early failure warning for system 10 prior to a failure by monitoring current and
voltage. Further, backup protection, provided at next to the closest layer to a fault,
facilitates improved coordination since there is no need for signaling between each

individual breaker.

[0040] Figure 7 is a flow chart illustrating an exemplary embodiment
of a method 300 for operating power distribution system 10 shown in Figure 1.
Method 300 for monitoring and controlling a power distributions system 10 includes
transmitting 302 a plurality of circuit breaker sensor data to a respective node
electronic unit, wherein each node electronic unit 20 is mounted remotely from a
plurality of circuit breakers 16, and each respective circuit breaker 16 is electrically
coupled with each respective node electronic unit 20. Method 300 also includes
transmitting 304 the received data from each respective node electronic unit to a
plurality of CCPUs 24 using digital network 22, and reconstructing 306 a system 10
lineup using the data received from the plurality of node electronic units 20, and
changing 308 system 10 lineup based on the reconstructed 306 system 10 lineup using

at least one of the plurality of CCPUs 24.

[0041] In one embodiment, each respective node electronic unit 20
stores the state information received from it respective breaker 16, and also transmits
304 this data to a plurality of CCPU’s 24. Each CCPU 24 is then capable of
reconstructing 306 the state information of system 10 based on the received
information. In use, actions taken by at least one CCPU 24 will change the state of
system 10. This change is then locally stored by each respective node electronic unit
20, and communicated all CCPU’s 24. Accordingly, each CCPU 24 can then infer
actions taken by other CCPU’s 24 without having to maintain inter-processor
communication between them. In the event of a CCPU 24 failure that results in loss
of contents of its volatile memory, each CCPU 24 can quickly reconstruct the state of
system 10 based on the information that is received from each node electronic unit 20.
Additionally, in a "hot backup" system in which only one of the redundant CCPU’s 24
is active at a time, the time required for an inactive CCPU 24 to infer the state of

system 10 can be greatly reduced.
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[0042] In use, each node electronic unit 20 receives state and sensor
data from its respective breaker 16, and this data is then stored in node electronic unit
20, and is transmitted to CCPU 24 to perform computation and control functions. If
at least one CCPU 24 experiences a loss of data or is reset, a redundant CCPU 24 can
reconstruct the state of system 10 by obtaining a plurality of local information from
each node electronic unit 20. Accordingly, each CCPU 24 can determine the state of
system 10 without communicating directly with a second CCPU 24 thereby ensuring
that each CCPU 24 is isolated from each other CCPU 24 and reducing a requirement

for multiple controller synchronization.

[0043] Accordingly, a power distribution system 10 includes a
redundant control system in which the actions of one CCPU 24 are inferred based on
the state reported by each node electronic unit 20 since the state information for each
circuit breaker 16 is locally available at its respective node electronic unit 20.
Additionally, using redundant CCPU’s, each node electronic unit 20 becomes the
communication mechanism between the redundant CCPU’s 24, thereby eliminating

the need for any direct communication between CCPU’s 24.

[0044] In use, redundant CCPU’s 24 facilitate allowing each CCPU
24 to quickly reconstruct 306 system 10 information after a failure or loss of power to
a CCPU 24, without having to maintain that information in each CCPU 24 non-
volatile memory, thereby eliminating the need for non-volatile memory at each
redundant CCPU 24 and ensuring that a power loss at one CCPU 24, does not leave

system 10 in an unknown state.

[0045] Figure 8 is a flow chart illustrating an exemplary embodiment
of a method 400 for operating power distribution system 10 shown in Figure 1.
Method 400 includes receiving 402 CCPU commands and actions from at least one
CCPU 24 by at least one node electronics unit 20. Each node electronics unit 20 also
determines 404 a local commands and action. Each node electronics unit 20 includes
a mirror of a subset of CCPU 24 program code and global information set. Each
CCPU includes in its memory, program code and global information set relating to

power distribution system 10 in its entirety. Each node electronics unit 20 includes in
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its memory only so much of power distribution system 10 information as is necessary
to monitor conditions relating to its associated circuit breaker and relaying data to
CCPU 24, and generating actuation commands for its associated circuit breaker.
After node electronics unit 20 receives CCPU commands and actions from CCPU 24
and node electronics unit 20 determines a local commands and action, node
electronics unit 20 compares 406 the CCPU commands and actions and local
commands and actions. A difference between the CCPU commands and actions and
local commands and actions may indicate a problem. In one embodiment, a
difference between the CCPU commands and actions and local commands and actions
is arbitrated by a command resolution module that uses an arbitration algorithm to
determine which set of commands and actions is used to determine actuation
commands that are sent from node electronics unit 20 to circuit breaker 16. In another
embodiment, node electronics unit 20 determines 408 if CCPU 24 has sent a software
local action block signal. A software local action block signal is a signal or bit(s) sent
as part of a message from CCPU 24. A presence of the software local action block
signal is indicative of proper communication between node electronics unit 20 and
CCPU 24. The software local action block signal further indicates to node electronics
unit 20 that CCPU commands and actions should be implemented rather than the local
commands and actions. As such, when communications between node electronics 20
and CCPU 24 is lost, the software or virtual local action block signal will not be
present. In such a case, node electronics unit 20 will transmit 412 actuation
commands to circuit breaker 16 that are based on the locally determined commands
and actions. If the virtual local action block signal is present, node electronics unit 20
transmits 410 actuation commands to circuit breaker 16 that are based on the CCPU

commands and actions transmitted from CCPU 24.

[0046] In another exemplary embodiment, CCPU 24 includes a
centralized control algorithm that includes a plurality of protection functions to
control each respective node electronic unit 20 and each respective node electronic
unit 20 includes a subset of the centralized algorithm stored in CCPU 24. In one
embodiment, the algorithm stored in node electronic unit 20 is active. In another

embodiment, the algorithm stored in node electronic unit 20 is inactive.
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[0047] In use, when electronic unit 20 loses communications with
CCPU 24, the algorithm stored electronic unit 20 is activated to maintain system 10
operation. Alternatively, when, if the local protection functions are currently active,
the decisions from these functions may be compared against those from the
centralized controller in a voting fashion. They may also be used as backup
protection with their parameters set to a higher threshold such that the protection
function will still be carried out if the centralized controller fails to perform that
function. In one embodiment, and in the event that the central controller detects a
failure mode that may allow it not to perform its control and protection functions
correctly, the local node is instructed to activate its local protection algorithms. Thus
an additional layer of redundancy and reliability is provided without sacrificing the
flexibility of a centrally controlled system, and allows a subset of protection functions
to be performed at the node electronics unit. Additionally, the node electronics unit,
subject to the results (and availability of results) performs protective actions of the
protection functions executed locally at the node electronics unit and remotely at

CCPU 24.

[0048] In one embodiment, the local protection function parameters
are set to the highest safe limit. In the case of a power distribution system, this may
be the frame rating of a breaker. Typically, the centralized control algorithm will
have its parameters set below the maximum breaker rating. In the event that CCPU
24 fails to protect the local device, the local device will then be capable of performing
its own protection function. In another embodiment, the local device only activates
its protection functions after it has detected a loss of communication with CCPU 24 or
if the local control becomes inactive, the node electronics unit will respond to CCPU
24. In yet another embodiment, system 10 includes a redundant controller system in
which the local node electronics unit itself acts as a tiebreaker between the redundant

controllers.

[0049] The above-described power distribution systems are cost-
effective and highly reliable. Each system includes a central control unit and
networked devices to facilitate protecting a set of switchgear. Devices local to each
circuit breaker monitor voltage and current signals from sensors located proximate
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each circuit breaker. The central control receives all monitored signals from all
devices over the high-speed network. The central control implements protection and
optimization algorithms for each breaker node based on global voltage and current
signals. This method offers performance advantages over existing local, non-
networked protection. In many overcurrent faults, the fault level may appear at
multiple levels in the electrical protection hierarchy. Branch, feeder and main circuit
breakers may all “see” the fault. Protection engineers can partially avoid the problem
by setting longer delays. This results in faults at high levels in the hierarchy causing
more damage and still can result in multiple devices interrupting, removing electrical
service from circuits that do not have a fault. Accordingly, the power distribution
system facilitates protection and optimization of power system operation in a cost-

effective and reliable manner.

[0050] Exemplary embodiments of power distribution system
components are described above in detail. The components are not limited to the
specific embodiments described herein, but rather, components of each system may
be utilized independently and separately from other components described herein.
Each power distribution system component can also be used in combination with

other power distribution system components.

[0051] 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:

l. A method for monitoring and controlling a power distribution

system, said method comprising:

transmitting a first signal from at least one of a plurality of node
electronic units to a central control unit, each of said plurality of node electronic units

being remote from and in communication with a respective circuit breaker; and

transmitting a second signal to the plurality of node electronic units

such that the circuit breakers are operable from the first central control unit.

2. A method in accordance with Claim 1 wherein said first signal
is a digital signal representative a parameter selected from the group consisting of: an
operational state of each node electronic unit, an operational state of each circuit
breaker, a power condition of power in the power distribution system, and any

combination of the foregoing.

3. A method in accordance with Claim 1 wherein said first signal
is representative of at least one parameter selected from the group consisting of: a line

voltage, a load current, and a status of the circuit breaker.

4, A method in accordance with Claim 1 wherein the circuit

breaker is a three phase circuit breaker

5. A method in accordance with Claim 1 wherein said first signal

is a raw operational state data signal.

6. A method in accordance with Claim 1 further comprising
determining an operational state of the power distribution system based on said first

signal.

7. A method in accordance with Claim 6 further comprising

determining a set of said central control unit commands and actions.
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8. A method in accordance with Claim 7 wherein said set of
central control unit commands and actions are at least one selected from the group
consisting of: a protection function, a relay function, a monitor function, a meter

function, a control function, and a protection curve function.

9. A method in accordance with Claim 8 wherein said protection
function is at least one selected from the group consisting of: an instantaneous
overcurrent action, a short time overcurrent action, a long time overcurrent action, a

ground fault action, and a zone selective interlock action.

10. A method in accordance with Claim 8 wherein said relay
function is at least one selected from the group consisting of: a voltage action, a

frequency action, a ground fault relay action, and a bus differential action.

11. A method in accordance with Claim 8 said monitor function is
at least one selected from the group consisting of: a circuit breaker current, a circuit
breaker voltage, a power system event, a set of power quality parameters, and a

health/availability indication.

12. A method in accordance with Claim 11 wherein said power
system event is at least one selected from the group consisting of: a load warning, a

trip indication, a pickup, and a waveform capture.

13. A method in accordance with Claim 8 wherein said meter
function is at least one selected from the group consisting of: an energy flow and an

energy demand.

14. A method in accordance with Claim 8 wherein determining a
control function comprises determining at least one of a basic function, and a system

function.

15. A method in accordance with Claim 14 wherein said basic
function is at least one selected from the group consisting of: a manual function, a

startup function, and a maintenance function.
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16. A method in accordance with Claim 14 wherein said system
function is at least one selected from the group consisting of: an automatic throwover
function, a balanced power supply function, a load shedding function, and a load

pickup function.

17. A method in accordance with Claim 8 wherein said protective
curve function is a remote protective curve function and/or a local protective curve

function.

18. A method in accordance with Claim 17 wherein said remote
protective curve comprises determining a plurality of first current limit setpoints, each

of said first current limit setpoints corresponding to a first time delay value.

19. A method in accordance with Claim 17 wherein determining a
local protective curve comprises determining a plurality of second current limit
setpoints, each of said second current limit setpoints corresponding to a second time
delay value wherein each of said first current limit setpoints is greater than each of

said second current limit setpoints.

20. A method in accordance with Claim 8 wherein said relay
function is at least one selected from the group consisting of: a reverse power
function, an under frequency function, an over voltage function, an under voltage

function, an over current function, and differential relaying function.

21. A method in accordance with Claim 1 wherein said second
signal is at least one digital signal selected from the group consisting of: a system
status signal, a set of central control unit command and action signals, and a local

action block signal.

22. A method in accordance with Claim 1 wherein said second
signal is selected from the group consisting of: a ground fault current limit setting, an
over voltage limit setting, under voltage limit setting, and a breaker local protective

curve.
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23. A method in accordance with Claim 1 further comprising
determining a set of local protection commands and actions in the node electronic

unit.
24, A method in accordance with Claim 23 further comprising:

determining a set of actuation commands based on at least one of the
actuation commands selected from the group consisting of: central control unit
commands and actions, local protection commands and actions, and local action block

signal; and

operating the associated circuit breaker based on the set of actuation

commands.

25. A method in accordance with Claim 1 wherein said second
signal comprises a digital signal that includes data addressed to each of the plurality

of node electronics units.

26. A method in accordance with Claim 1 further comprising
receiving said second signal at each node electronic unit and extracting all data

addressed to the respective node electronic unit from said second signal.
27. A power distribution system comprising:

a plurality of circuit breakers connectable to a power source of the

power distribution system;

a respective node electronic unit remote from and in communication

with a respective one of said plurality of circuit breakers;

a communication network in communication with each of said node
electronic units and a first central control unit communicatively coupled to said
plurality of circuit breakers by said communications network so that said first central

control unit can operate said plurality of circuit breakers.
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28. A power distribution system in accordance with Claim 27
wherein said first central control unit can operate said respective one of said plurality
of circuit breakers based on information only from said respective one of said

plurality of circuit breakers.

29. A power distribution system in accordance with Claim 27
wherein said first central control unit can operate said respective one of said plurality
of circuit breakers based on information from one or more of said plurality of circuit

breakers.

30. A power distribution system in accordance with Claim 27
further comprising a sensor for connecting each of said plurality of circuit breakers to

said power source of the power distribution system.

31. A power distribution system in accordance with Claim 30,
wherein said sensor is selected from the group consisting of: a voltage sensor, a

current sensor, and any combination thereof.

32. A power distribution system in accordance with Claim 27
wherein said node electronic unit transmits at least one digital signal representative of

an operational state to said first central control unit.

33. A power distribution system in accordance with Claim 32
wherein said at least one digital signal is selected from the group consisting of: a
voltage, a current, an status of said respective one of said plurality of circuit breaker, a
local system state, a logical state, and a health status of said node electronic unit,

associated circuit breaker and any combination thereof.

34, A power distribution system in accordance with Claim 33

wherein said at least one digital signal is a raw operational state data signal.

35. A power distribution system in accordance with Claim 32
wherein said first central control unit is further configured to determine a set of

central control unit commands and actions based on said operational state.
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36. A power distribution system in accordance with Claim 35
wherein said set of central control unit commands and actions is at least one selected
from the group consisting of: an automatic throwover function, a balanced power

supply function, a load shedding function, and a load pickup set.

37. A power distribution system in accordance with Claim 32
wherein said digital signal is at least one selected from the group consisting of: a
system status, a set of central control unit commands and actions based on said
operational state of said power distribution system, a local action block signal, and a

breaker local protective curve.

38. A power distribution system in accordance with Claim 37
wherein said node electronic unit determines a set of local protection commands and

actions based on said digital signal.

39. A power distribution system in accordance with Claim 27
wherein said digital signal includes data addressed to each of said plurality of node

electronics units.

40. A power distribution system in accordance with Claim 39
wherein each of said plurality of node electronic units parse said digital signal to

extract all said data addressed to said respective node electronic unit.

41. A power distribution system in accordance with Claim 27

wherein said power distribution system further comprises:
a second communication network; and

a second central control unit.
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