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(57) Abstract: A method of managing an electrical power distribution system for a healthcare facility having electrical loads that
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system, and a communications network is coupled to the controller and the devices in the power distribution system. The con-
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the delivery of power to identitied loads. The controller transmits an alarm when a trip condition occurs so that action can be tak-
en to resume the delivery of power to loads to which power delivery has been interrupted; stores and periodically evaluates infor-
mation regarding the occurrences of trip conditions and uses of the alternate power source by load; and transmits an alert when the
evaluation identifies a performance change for any load.
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RELIABLE ELECTRICAL DISTRIBUTION SYSTEM
WITH ALTERNATE POWER SOURCE

TECHNICAL FIELD

[0001] The present invention relates to communication systems for providing
emergency power and more specifically to a communications network to monitor a system

to determine whether to apply emergency power.

BACKGROUND

[0002] Healthcare facilities such as hospitals rely on uninterrupted power supply
especially to critical areas such as the emergency room. For example, there are different
departments where uninterrupted energy is mandatory, and coordinated maintenance is
required. Operating rooms, intensive care units, data centers, are typical arcas where
electrical power is essential and even vital. Such facilities typically include a normal
electrical system which includes both non-essential circuits and equipment not required to
have an alternate power source, and essential electrical systems. Such essential electrical
systems include an emergency power supply system (EPSS) which includes circuits and
equipment used to supply alternate power to loads vital to the protection of life and safety,
and an equipment system which includes circuits and equipment used to supply power
equipment. These may include patient-care related circuits, such as the ICU or operating
rooms, as well as emergency lighting, alarm systems, battery chargers, data centers, and all
the electrical infrastructure equipment needed to ensure that vital or life safety equipment
power interruptions are kept to less than a maximum legislated duration (typically 10
seconds in the U.S.). A lower level of essential systems may provide power for security,
fire suppression and other systems.

[0003] Emergency power supply systems include one or more alternate power
sources such as UPS or genset which can supply the healthcare facility with power during
an interruption of the main utility supplied power. Power is transferred from the main
utility supply to the alternate power sources using automatic transfer switches (ATS)
whenever the main utility supply is interrupted. A facility may have one or several

independent EPSSs.
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[0004] Depending on the jurisdiction of the facility, different regulatory
requirements dictate how the EPS systems need to be maintained and tested. Many
countries mandate specific compliance standards for generator testing and some require
formal reports for government agencies and many for audit purposes. These compliance
standards may be mandated by federal governments, local (state/provincial) governments,
or by private organizations. In the U.S., for example, hospitals are required to test their
EPSSs at least 12 times a year, every 20 to 40 days, for 30 minutes at or above the
manufacturer’s recommended engine exhaust temperature or at a minimum load of 30% of
the generators’ nameplate rating. Also, maximum transfer times of less than 10 seconds
are typically required.

[0005] It is common for back-up generators to fail to start or fail to run under full
load due to insufficient testing and maintenance. In fact, in some cases, nominal run tests
can actually create problems within the gensets that can affect operation in a true
emergency situation (like wet stacking, where unburned fuel or carbon builds up in the
exhaust system when generator run times are too short or are performed outside of the
recommended parameters from the manufacturer).

[0006] Problems stemming from power availability and quality are often
underestimated and can have serious consequences on human life, finances, technical
operations and the environment, not to mention the impact on a hospital’s image. There is
no such thing as zero risk, but failures can be prevented by adopting a “reliability”
approach by adopting measures to improve the reliability of the electrical distribution
infrastructure in a healthcare facility. This strategy, on the whole, consists of correlating
facility managers’ needs with qualified, proven technical solutions, developed specifically
for critical activities, throughout the facility.

[0007] Thus, there is a need for an integrated system to ensure that electrical

distribution is maintained to critical areas in a healthcare facility such as a hospital.

SUMMARY
[0008] In accordance with one embodiment, a method is provided for managing
an electrical power distribution system for a healthcare facility having electrical loads that

include critical loads requiring highly reliable power delivery, power monitoring and
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interruption devices in the power distribution system, a main utility power source for
supplying power to the loads via the power distribution system, a controller receiving
signals from the devices in the power distribution system, and a communications network
coupled to the controller and the devices in the power distribution system. The controller
receives, over the communications network, information regarding the delivery of power
to the loads from the main utility source, the information including the occurrence of trip
conditions that interrupt the delivery of power to identified loads. The controller also
transmits, over the communications network, an alarm when a trip condition occurs so that
action can be taken to resume the delivery of power to loads to which power delivery has
been interrupted; stores and periodically evaluates information regarding the occurrences
of trip conditions and uses of the alternate power source by load; and transmits, over the
communications network, an alert when the evaluation identifies a performance change for
any load.

[0009] In specific implementations, the power distribution system includes both
low-voltage and medium-voltage loop architectures; a maintenance action is initiated in
response to the alert; the alert is communicated to a remote facilities management station
in the format of diagnostic information in real time; the diagnostic information includes
information regarding the remote re-closing of circuit breakers; the diagnostic information
initiates a fault check to determine the causes of trip conditions and whether power
delivery can be safely resumed; the alert is generated automatically by the remote facilities
management station; the diagnostic information includes information originates in circuit
breakers in the electrical distribution system; and/or a predictive maintenance or service
call-out is transmitted in response to the receipt of information regarding a trip condition.

[0010] In a modified embodiment, the controller receives, over the
communications network, information regarding the occurrence of trip conditions that
interrupt the delivery of power to identified loads, re-closings of circuit breakers, and
changes in the settings of circuit breakers; transmits, over the communications network, an
alarm when a trip condition occurs so that action can be taken to restore the delivery of
power to loads to which power delivery has been interrupted; and conducts a coordination

study when the setting of a circuit breaker is changed, and transmits, over the



WO 2012/061014 PCT/US2011/056808

_4.-

communications network, an identification of any point of potential failure identified by
the coordination study.

[0011] In specific implementations, the coordination study identifies a single most
likely point of potential failure in the distribution system; a maintenance mode of
operation for the circuit breakers is initiated in response to the alert; and/or the
coordination study is conducted in real time.

[0012] In another modified embodiment, the controller receives, over the
communications network, information regarding the delivery of power to said loads from
the main utility source, the information including the occurrence of trip conditions that
interrupt the delivery of power to identified loads, re-closings of circuit breakers, and
changes in the settings of circuit breakers; transmits, over the communications network,
information regarding selected characteristics of at least one of the distribution system and
a critical load; receives and monitors such information; and transmits, over the
communications network, an alert or initiates maintenance action in response to preset
changes detected, by the monitoring, in the information regarding selected characteristics
of at least one of the distribution system and a critical load.

[0013] The foregoing and additional aspects of the present invention will be
apparent to those of ordinary skill in the art in view of the detailed description of various
embodiments, which is made with reference to the drawings, a brief description of which

is provided next.

BRIEF DESCRIPTION OF THE DRAWINGS

[0014] The invention will be better understood from the following description of
preferred embodiments together with reference to the accompanying drawings, in which:

[0015] FIG. 1 is a block diagram of a reliability system in a facility integrating
various components to insure availability of power

[0016] FIG. 2A and 2B are diagrams of two potential medium voltage loops for
the reliability system of FIG. 1.

[0017] FIG. 2C is a diagram of a reconfigurable medium voltage loop for the
reliability system of FIG. 1.
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[0018] FIG. 3A is a diagram of one of the electrical crisis power restoration
(ECPR) units.

[0019] FIG. 3B is a flow diagram of a process of responding to detected faults,
using the ECPR units.

[0020] FIG. 3C is a schematic diagram of a short circuit tester included in each of
the ECPR units.

[0021] FIG. 4 is a block diagram of the critical area system of the reliability
system of FIG. 1.

[0022] FIG. 5 is a functional block diagram showing the automated emergency
power supply system of the system in FIG. 1.

[0023] FIG. 6A is an essential or basic configuration of the automated emergency
power supply system in FIG. 5.

[0024] FIG. 6B is an enhanced configuration of the automated emergency power
supply system in FIG. 5.

[0025] FIG. 6C is a comprehensive configuration of the automated emergency
power supply system in FIG. 5

[0026] FIG. 7 is a flow diagram of a problem solving service based on the
reliability system in FIG. 1.

[0027] FIG. 8 is a flow diagram of a process to evaluate information regarding
occurrences of trip conditions using the reliability system of FIG. 1.

[0028] FIG. 9 is a flow diagram of a process of conducting a coordination study
using the reliability system of FIG. 1.

[0029] FIG. 10 is a flow diagram of a process of monitoring information using the
reliability system of FIG. 1.

[0030] While the invention is susceptible to various modifications and alternative
forms, specific embodiments have been shown by way of example in the drawings and
will be described in detail herein. It should be understood, however, that the invention is
not intended to be limited to the particular forms disclosed. Rather, the invention is to
cover all modifications, equivalents, and alternatives falling within the spirit and scope of

the invention as defined by the appended claims.
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DETAILED DESCRIPTION

[0031] Although the invention will be described in connection with certain
preferred embodiments, it will be understood that the invention is not limited to those
particular embodiments. On the contrary, the invention is intended to cover all
alternatives, modifications, and equivalent arrangements as may be included within the
spirit and scope of the invention as defined by the appended claims.

[0032] The present example is directed toward a reliability system for critical
arcas of a facility such as a healthcare facility that guarantees the reliability and
availability of power to allow processes and systems to continue working in all
circumstances for critical loads in such areas requiring highly reliable power delivery. The
disclosed reliability system integrates and allows for shared communication and
management of multiple products and equipment together for healthcare facilities such as a
hospital facility. The reliability system consists of many sub-components which are
combined to monitor and interact to increase the overall safety, ensure traceability and
improve reliability of the hospital facility’s electrical infrastructure. The combined
reliability system described below covers the power requirements from the service
entrance to plug over the entire hospital facility and provide required high reliability of
power. In the hospital facility, there are different departments where uninterrupted energy
is mandatory, and coordinated maintenance is required. Operating rooms, intensive care
units, data centers, are typical units where electrical power is essential and even vital. Of
course, it is to be understood that the reliability system is explained in terms of a hospital
facility, but may be applied for all types of critical buildings or campuses.

[0033] FIG. 1 is a block diagram of the components of a reliability system 100 in
a healthcare facility such as a hospital facility 102. The hospital facility has electrical
loads that include critical loads requiring highly reliable power delivery. There are several
separate components that work in conjunction with each other to create the high reliability
system 100. A main utility power source such as a medium voltage (MV) service entrance
supplies power which flows through the entire electrical distribution network to the final
distribution of loads in the operating room area and hospitality wards. The system
combines the components of medium service entrance devices, medium voltage automatic

transfer switch (ATS) loop reconfiguration, low voltage electrical distribution diagnostics
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(ECPR) units as part of an emergency crisis, prevention and recovery system (ECPR), an
operating area system, low voltage switchboards, a low voltage ATS, a hospitality wards
switchboard, emergency power supply systems (EPSS), power monitoring and the remote
services into the total reliability system 100 for the hospital facility 102. Alternatively,
when there is not a medium voltage and automatic transfer switch loop, the medium
voltage system and the automatic transfer switch may be stand alone components.

[0034] In this example, the maintenance and operation of the system of the
hospital facilities is outsourced to a third party facility manager such as an external third
party service provider 104 who operates as the remote facilities manager. The
combination of the advanced features of an emergency crisis prevention and recovery
system (ECPR), power monitoring and remote managed services allow the third party to
provide services through an online web portal. By enabling third parties to perform
facility management, the complete electrical distribution network may be managed
remotely and the hospital facility 102 is provided information such that they can make
informed decisions on their operations. FIG. 1 shows the products/services that make up
the reliability system 100.

[0035] The reliability system 100 includes a medium voltage loop system 110, an
emergency crisis prevention and recovery system (ECPR) which may include a low
voltage electrical distribution diagnostics system 112 (referred to hereinafter as “ECPR
units”), a critical area system 114, a non-critical area 116, an emergency power supply
system 118, an automated EPSS test system 120 and remote services provided by the
remote service provider 104. The hospital facility 102 also includes a monitoring system
122 that interfaces with the emergency crisis prevention and recovery system (ECPR) 112
and other systems. The third party services provider 104 interfaces to external building
systems such as HVAC, lighting fire, CCTV, access and eclectrical systems. The
monitoring system 122 may be a supervisory control and data acquisition (SCADA)
system or a building management system (BMS). The monitoring system 122 includes a
communications network that provides communication data between various monitors of
loads and other systems in the facility. The communications network also collects data
from the various monitors and controllers, the ECPR system 112, the critical area system

114 and any other interoperable or compatible systems in the hospital facility 102. The
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physical hospital facility in this example includes interfaces with high critical areas that
are covered by the critical area system 114, a moderate critical area which may be covered
by a moderate critical system 115 and non-critical areas that are covered by the non-
critical area system 116. The critical areas may include an operating room 124, a pre-
operation ward 126 and an intensive care recovery unit 128. The moderate critical arcas
may be divided into sectors that represent buildings or wings 130 (security), 132 (medical
imaging) and 134 (administration). The non-critical (low critical) areas may include a
parking garage 136, a cafeteria 138 and a waiting room 139. Medium voltage systems are
generally understood to include systems that control voltage between 480 and 15kV volts.
In this example, the MV loop system 110 includes a main switchboard 140 coupled to two
MV service entrances 141 and 142 and an emergency generator 144. The main
switchboard 140 includes automatic transfer switches 146 that route power from the MV
service entrances 141 and 142 and the emergency generator 144. Various MV substations
150, 152, 154 and 156 include transformers that provide low voltage to various low
voltage systems. An MV reconfiguration monitoring and control station 158 allows
control of the ATS system 146. The substations 150, 152, 154 and 156, the MV service
entrances 141 and 142 and the emergency generator 144 form an MV loop 160.

[0036] A low voltage system is part of the EPSS 118 that ensures the supply of
power to the high critical area system 114. The low voltage system draws power from the
MV substations 150 and 152. A low voltage automatic transfer switch system 162 is
coupled to the MV substations 150 and 152 as well as another emergency generator 164.
The ATS system 162 routes power to a pair of redundant low voltage switchboards 166
and 168. The switchboards 166 and 168 in turn power a UPS 170. The UPS 170 and
redundant switch board 168 are coupled to a low voltage ATS 172 that allows power either
directly from the switchboard 168 or the UPS 170 to a high critical arca such as the
operating room 124.

[0037] The MV substation 154 provides power to a low voltage system that
insures power to the medium critical system 115. The MV substation 154 is coupled to a
low voltage ATS system 180 that is also coupled to another emergency generator 184.
The low voltage ATS system 180 is in turn coupled to a low voltage switchboard 186
which provides power to medium critical areas 130, 132 and 134. The ATS system 180
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allows switching to the generator 184 for power if the substation 154 is disabled. The MV
substation 156 is coupled to a low voltage switchboard 190 that provides power to non-
critical areas 136, 138 and 139.

[0038] The MV loop 160 is an optional component that assists in proper electrical
distribution. The MV reconfiguration provides electrical distribution based on an open
ring topology, which improves the performance of the MV loop system 110 in terms of
reliability and reconfiguration time when an event such as the failure of a power substation
occurs. The MV loop system 110 integrates a monitoring and control system in the control
station 158. There may be any number of loops such as one, two or three different loops,
cach one fed from a delivery substation (from one or two utility incomers). The loops may
include generators such as the generator 144 with step-up transformers, connected to one
or various loops (for mutualization of resources). The generator 144 constitutes an
alternate power source which is part of the emergency power system 118 and supplies
power to at least certain loads in the hospital facility in the event of disruption of power
from the utility entrance services 141 and 142. The automatic transfer switch system 146
selectively couples the main utility and alternate power sources such as the generator 144
to the electrical loads in the hospital facility. In case of failure of both utility entrances,
the automatic transfer switch system 146 will first request the emergency generator 144 to
start, and when available, will transfer the loads from the utility entrance services 141 or
142 to the emergency generator 144.

[0039] FIG. 2A is an example of the single MV loop 160 used for the MV loop
system 110 in FIG. 1. Like element numbers for elements identical to those in FIG. 1 are
used in FIG. 2. The single MV loop 200 includes the main switchboard 140 that draws
power either from the MV service entrances 141 or 142 or the emergency generator 144,
The MV ATS system 146 includes an MV switch 202 coupled to the MV service entrance
141 and an MV switch 203 coupled to the MV service entrance 142. The switches 202
and 203 are coupled to an MV bus bar 204 which electrically couples the different
components of the MV loop 200. A pair of MV loop protection circuits 206 and 208
which may include circuit breakers are coupled between the substations 150, 152, 154 and

156. The MV loop protection circuits 206 and 208 protect the substations 150, 152, 154
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and 156 from fault conditions such as short circuits and current overloads. The substations
150, 152, 154 and 156 are in the single MV loop 160.

[0040] FIG. 2B is an example of a multiple-loop configuration that may be used
for the MV loop system 110. This configuration may be appropriate for a campus hospital
where there are multiple buildings with multiple critical areas. FIG. 2B includes a first
delivery substation 210 and a second utility delivery substation 212. The first delivery
substation 210 includes inputs from a first MV service entrance 214 and an emergency
generator 216 that is coupled to a step-up transformer 218. A second MV service entrance
220 is coupled to the second delivery substation 212 as well as the emergency generator
216. The first delivery substation 210 is part of an MV loop 230 that includes a
transformer 232 and one of the transformers of a dual transformer 234. The second
delivery substation 212 is part of a second MV loop 240 that includes another transformer
242 and the other transformer of the dual transformer 234. Rather than a dual transformer
such as the transformer 234, separate transformers may be incorporated for each of the
loops 230 and 240.

[0041] The MV loop system 110 is a critical part of the installation, since a fault
at the medium voltage level may have severe consequences such as the complete shutdown
of the low voltage area such as one of the critical areas in FIG. 1. For example, in Europe
regulations define that medical locations require quick recovery in case of electrical failure
(similar in North America or other geographic areas, but may be slightly different limits).
For example, the highest level critical loads such as an operating room require recovery in
less than 0.5 seconds and critical loads such as data centers require recovery in less than 15
seconds under certain European regulations.

[0042] The MV loop system 110 includes an automatic loop reconfiguration
system which provides rerouting if one of the substations fails. FIG. 2C shows a block
diagram of an example automatic loop reconfiguration system 250. Typically the
automatic loop reconfiguration system 250 includes a one-loop reconfiguration 252
located at the incoming substation. The loop reconfiguration system 250 includes digital
relay units 254 and 256 embedded into each loop feeder (such as a motorized cell) and a
master controller 258. The reconfiguration system 250 includes a number of substations

260a-h. Each of the substations 260a-h includes a respective substation control unit 262a-
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h which may be a PLC or other type of controller. The substations 260a-h each include a
pair of respective sensors 264a-h and 266a-h The substations 260a-h also include
respective circuit breakers 268a-h and 270a-h which are coupled to a respective
transformer 272a-h. The reconfiguration units may be linked to the power monitoring
system which is part of the overall monitoring system 122 in FIG. 1 that monitors the
electrical distribution system (typically in the form of a general single line diagram) of the
hospital facility 102.

[0043] When a fault occurs on a medium voltage loop such as the MV loop 160 in
FIG. 1 such as a failure of a substation 260a-h, the circuit-breakers 268a-h and 270a-h will
assure protection and the reconfiguration system 250 will reconfigure the loop 252 to
ensure power is still available for the system such as by switching to an emergency
generator. The reconfiguration system 250 will isolate the failed substation by opening the
switches, recluse the opened loop to re-energize the loop, and then close the tripped circuit
breaker. As shown in FIG. 2C, a fault is detected by the sensor 266f on the substation
260f or the sensor 264¢ on the substation 260e. The sensed data indicates that a fault has
occurred between the substations 260e and 260f. The master controller 250 will isolate the
failed area by controlling the various circuit breakers such as the circuit breakers 270¢ and
268f. The reconfiguration system 250 will send a message to the monitoring system 122
and/or the remote services provider 104 in FIG. 1. For example, the response time for 22
sub-stations from opening the circuit breaker to when the loop is re-energized is less than 4
seconds. Of course if fewer substations are in the loop, the response time is shortened.

[0044] The ECPR units which are part of the ECPR system 112 provide (1) real-
time diagnostics and predictive maintenance at both device and network levels, and (2)
crisis management that includes power restoration assistance and safety accessories such
as short-circuit testing and wireless re-closing of protective devices.

[0045] Electrical distribution systems are designed and nstalied with the cirentt
breakers aligned and selectively coordinated. Over time, settings can be modified during
tosts or systom oxpansions, and the ntegrity of the protection plan can be corapromised.
The real-time diagnostics provided by the ECPR allow the tracing of changes in the
protection plan and cnsure that the breaker coordination romains correctly set for the safety

of both personnel and assets, and voanimum uptivoe. The ECPR 112 alerts staft if changes
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to circuit breaker set points affect the protection plan integrity aud enables the staff to
casily follow and check the load and temperature profile of the breakers. This systom
helps to provent failures that requive switching to emergency conditions and backup
power. It a failure does occur, the system helps to identify the true sowrce of clectrical
problems and to return to normal operations safely and quickly.

[0046] The crisis management ensures safe and quick restoration of outages, and
protection of maintenance personnel from arc flashes. Specifically, the crisis management
provides contextual information about au electrical trip, assistance 1o Wentifying the cause
of the fault and then returning to normal operations scamlessly and efficiently with
reassurance through a safe, wireless way to close the tripped breaker.

[0047] As depicted in FIG. 3A, ECPR units 300a, 300b . . . 300n are provided on
cach of multiple low-voltage switchboards 301a, 301b . . . 301n. Each ECPR unit includes
a controller 302, a short circuit tester 303 and a wireless breaker closing control 304 for all
the circuit breakers 305 associated with that ECPR’s switchboard 301.

[0048] The controller 302 in each ECPR unit 300 is coupled to its associated short
circuit tester 303 and all the circuit breakers (indicated by the switch symbols in FIG. 3A)
associated with its switchboard 301. In addition, each controller 302 is coupled to an
Ethernet 305 that couples each controller 302 to all the other controllers in the other
ECPR’s and to the higher level monitoring system and software to provide coordination
information and a predictive maintenance or service call-out response. The basic purposes
of the controllers 302 are (1) crisis management by providing assistance in case of trips
(e.g., providing trip context analysis, assistance for fault clearance, and guided power
restoration), and (2) to help anticipate problems by executing a permanent selectivity
analysis on changed settings, and real-time diagnosis of the breakers and network, using
aging algorithms and wear parameter monitoring, based on environmental conditions, real-
time load assessment, and historical conditions such as number of trips/operating and
energy discharge. Predefined alarms are used to track conditions and generate alarms or
notices when network abnormalities are detected.

[0049] Each controller 302 can communicate with communicating circuit breakers
and metering devices using a protocol such as Modbus that is common to all the devices.

One example of a communicating breaker is the “Masterpact” circuit breaker made by
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Schneider Electric. The controllers 302 can be accessed via the Ethernet 305 through a
web browser 306 or directly from a supervisor station 307 or a remote management service
308, and can also act as gateways for upstream systems such as power monitoring systems
or remote energy monitoring and product services. Communicating breakers can be closed
remotely by signals sent to the controllers 302 from a remote computer via the Ethernet
305, or wirelessly from a smart phone 309.

[0050] As depicted in FIG. 3B, the short circuit tester 303 associated with each
switchboard 301 is coupled to each of the circuit breakers associated with that switchboard
to check for the presence of short circuits on the cables between the feeder and the load or
a downstream switchboard. For example, the short circuit tester 303 in FIG. 3B is
connected to the power line 310 between the tripped breaker 311 and the downstream
breakers 312 and loads 312. This allows an operator to verify, by simply pushing a button
on the tester 303, that no short circuit exists (e.g., that the fault that caused the trip has
been cleared) downstream of the tripped breaker 311 before reclosing that breaker.
Similarly, the short circuit tester 303 is connected to the power lines connecting breakers
312 to the downstream loads 313 to test for short circuits downstream of the breakers 312.
For example, different colored indicator lights on the testers 303 and 303’ can indicate
whether it is safe to re-close a tripped breaker, or a fault still exists. Indicators may also be
provided to indicate when a test is not possible because of voltage presence (if test is
performed on a breaker under voltage), or an internal device fault exists.

[0051] The wireless breaker closing control 304 associated with each switchboard
301 is a remote control device that allows a user to re-close any breaker that contains a
communicating coil, while the user is a safe distance away from the breaker. There is
preferably a separate remote control for each communicating breaker, to ensure that the
correct remote control unit is used to re-close the desired breaker, so that the wrong
breaker will not be closed by accident.

[0052] The remote control unit 304 preferably uses Zigbee technology that keeps
the power consumption so low that a single battery can be used for the entire life of the
unit, or energy harvesting may be used to entirely eliminate the need for a battery. Signals
generated by the handset 304 are received by a communications card coupled to the

controller 302, which in turn communicates with a communication card in each circuit
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breaker. Such communication cards are standard options in many circuit breakers, such as
the Masterpact circuit breakers available from Schneider Electric. The signals produced
by each handset are unique, so that the controllers 302 can determine which circuit breaker
is to be controlled in response to signals received from the different handsets for the
multiple breakers in any given switchboard.

[0053] Each handset 304 includes a magnet so that it can be casily attached to the
switchboard housing adjacent the circuit breaker that the handset controls. The handsets
and their mounting locations on the switchboard enclosure are preferably color coded to
assist in keeping multiple handsets physically associated with the respective circuit
breakers that the handsets control.

[0054] FIG. 3C depicts a process executed by the ECPR units 300 to respond to
detected faults. When a fault is detected at step 350, an alarm message is generated and is
received by the user(s), such as the facility manager, via SMS, email, etc. at step 352. The
user then connects to the ECPR system with a laptop, tablet or other device using a
connection such as Wifi at step 354. The ECPR controller determines which breaker(s)
has tripped at step 356, and analyzes the failure modes and trip conditions at step 358. At
step 360 the ECPR controller predicts the likely cause and location of the fault, using a set
of decision trees based on a collection of scenarios of actual trips. Based on these
predictions, an operator attempts to remove or resolve the fault condition at step 362, and
then actuates the short circuit tester at step 364 to verify that any short circuit has been
cleared. If the operator determines, with the assistance of the ECPR, that it is safe to
reclose the tripped circuit breaker(s), the wireless recloser unit(s) is used at step 366 to
restore power by reclosing the tripped breaker(s).

[0055] Returning to FIG. 1, the critical area system 114 provides isolated power
to a critical area such as the operating room 124 via an integrated isolation transformer
(not shown in FIG. 1). The integrated isolation transformer protects both patients and staff
in the operating room 124, which is typically considered a wet floor environment, from
electrical shock. The critical area system 114 monitors the line insulation using a line
insulation monitor (LIM) and provides an alarm in case of an insulation fault. The critical

arca system 114 also monitors environmental parameters, such as temperature, pressure
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and humidity, to minimize the risk of infection. The critical area system 114 also provides
medical gases related information.

[0056] The critical area system 114 is shown in FIG. 4, which is a perspective
view of an example operating room area 400 including the operating room 124 in FIG. 1,
an electrical equipment room 402, a supervisor staff office 404 and a remote office 406.
The operating room areca 400 includes a plurality of touchscreen panels 410. The above
parameters are presented to the staff in the operating room area 400 via the touchscreen
panels 410 in order to assure optimum power availability. This system may be applied to
critical areas such as operating rooms, intensive care units, or recovery units.

[0057] The critical area system 114 include the touchscreen panels 410, a
monitoring control system 412, a controller 414 and an electric switchboard 416.
Alternatively, the controller 414 may be an input/output controller module such as a PLC.
These components combined together ensure continuity of electric power supply vital for
critical areas such as the operating room area 400. Working together the components of
the critical area system 114 provide local information and room control to the operating
room staff while alerting maintenance staft of hazardous conditions that require attention
and allow for event recording. The critical area system 114 may be integrated with a
central power monitoring system or building management systems which are part of the
monitoring system 122 for the hospital facility 102 in FIG. 1.

[0058] These components are physically spread throughout the hospital facility
102 such as shown in the operating room area 400 in FIG. 4. For example, the monitoring
system 412 is located in the remote office 406. However, the monitoring system 412 may
be located anywhere such as remote from the facility, a local maintenance office, or a
supervisor workstation 420 located in the supervisor staff office 404, etc. The monitoring
system 412 is the main connection point between the operating room area 400 and a higher
level monitoring system such as the monitoring system 122 in FIG. 1. The monitoring
system 412 has different screens which may be displayed on the workstation 420 or other
displays, one of which allows Nursing Supervisors to manage their floors by offering a
display of each operating room status, ability to generate events reports, and ability to set
alarm thresholds for temperature and pressure in the operating rooms. In another screen it

allows maintenance staff to be automatically advised of any fault, has remote access to
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web pages for fault identification, location and diagnosis. These screens may be displayed
by maintenance staff on a maintenance computer 422 or a handheld device 424.

[0059] The operating room touchscreen panel 410 is located in the operating room
124 and displays real time environmental, medical and electrical data to the surgeon or
nurse. The main purpose of this is to inform the medical team of an electrical fault or
insulation fault in the electrical installation or any connected equipment in the operating
room 124, and to be notified if maintenance is required or is underway.

[0060] The controllers 414 and electrical switchboard 416 are tied to electrical
distribution infrastructure in the hospital facility. In this example, the controllers 414 and
the electrical switchboard 416 are located in a hallway just outside the operating theatre or
in the close by electrical equipment room 402.

[0061] In practice the components work to improve reliability and decrease
downtime as follows when an electrical fault occurs. When a fault occurs it is detected by
this system. The fault is immediately displayed on the local touchscreen panel 410 in the
operating room 124 and dispatched to the workstation 420 in the supervisory office 404.
The fault is also sent at the same time to maintenance personnel (either local facility
maintenance, remote services such as the remote service provider 104 in FIG. 1, or both)
via the maintenance computer 422 and/or handheld device 424. The alarm is sent to either
remote services or the local facility management via an alarm manager. For example, the
remote alarm manager sends a message (via SMS) to a facility maintenance staff via a
handheld device 424 such as a mobile phone by the way of a GSM modem.

[0062] Maintenance may remotely first acknowledge the alarm which is displayed
on the touchscreen panels 410 or the workstation 422 or handheld device 424, and help
resolve the issue thereby shortening the result time. A remote repair may be possible
because the information that is given in the maintenance call may be viewed in a
maintenance mode screen which may be remotely accessed from any computer or Internet
capable device such as the workstation 422 or handheld device 424, cither by onsite
facility maintenance personnel, or by the remote services provider 104. In this example,
the maintenance mode screen of the system 114 is protected by such security as
username/password, and other security protocols. The maintenance mode screen provides

details on the fault to make an immediate decision on the repair without needing to close
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the operating room area 400 to troubleshoot the problem. The problem such as a fault
location may be seen through a virtual electrical infrastructure viewer screen which allows
the maintenance personnel to locate the section of the installation which is in fault, and
allow the maintenance staff work on the fix. The medical staff may be advised that a
technician is repairing the issue via the touchscreen panel 410. The chief nurse’s system
and other monitors such as the touchscreen panels 410 may track all events into the data
logging for further follow up and analysis. Other parameters such as temperature,
humidity, pressure, medical gases and electrical errors or exceptions are also displayed and
logged.

[0063] The remote access by maintenance staff via the monitoring system 412
allows for the fast response time to a fault to reduce downtime. Connecting the monitoring
system 412 to the facility Building Management System (BMS) or other facility systems in
the main monitoring system 122 in FIG. 1 allows for integration into the current workflow.
For example the technicians or remote services may be automatically advised by SMS or
other communication mediums of a current fault by the remote alarm management
software connected to the hospital BMS or other monitoring software.

[0064] By accessing to the alarms report module, the remote services and/or local
maintenance staff may be informed immediately of the issue, and the operator can
acknowledge the alarm from his workstation 422. This is useful because it ensures the
medical staff automatically receives the information that the issue is under process to be
solved. It also allows the facility staff to begin working on the problem without needing to
stop or close the operating room 124 or other critical areas.

[0065] For non-critical areas of hospitals such as the non-critical areas 136, 138
and 139 in FIG. 1, there are multiple needs for electrical power from critical to non-
critical. Understanding the usage and preventing overloading on critical circuits during an
event such as a power failure is vital for the reliability of the system. Having the ability to
monitor and control specific loads in a hospital facility enables improved stability and
quicker response to catastrophic failure.

[0066] Most hospital patient rooms (wards) have multiple power outlets, usually
designated by color according to the criticality of the load to be connected. Often, users

(nurses and patients) do not realize the consequences of connecting a non-critical piece of



WO 2012/061014 PCT/US2011/056808

- 18 -

equipment to a critical outlet. In the case of a loss of utility power, non-critical loads may
be shed to make sure that enough emergency power is available for critical loads. If,
however, a significant number of non-critical devices are plugged into critical power
outlets, those loads cannot be shed when the hospital has to rely on emergency generation.

[0067] The ability to closely monitor the loads connected to the critical outlets via
the monitoring software ensures that the emergency power availability threshold is not
surpassed. As with the critical area system 114, remote access to information on faults by
maintenance staff via the monitoring system allows for the fast response time to a fault to
reduce downtime. Similarly, having the monitoring system connected to the facility
building management system (BMS) allows for ecasy integration into their current
workflow. Predictive action taken on identifying non-critical devices which are plugged
into critical power outlets, and thus the ward being unable to be properly energized during
emergency generation contribute towards the reliability and availability of needed power
to keep working in all circumstances.

[0068] The EPSS testing and validation system 120 in FIG. 1 is described in detail
in U.S. patent application Serial No. 12/917,537 entitled “Automated Emergency Power
Supply Test Using Engine Exhaust Temperature.” The automated Emergency Power
Supply System (EPSS) test system 120 monitors and provides secondary control of an
EPSS testing scheme. It records waveforms of critical equipment and generates reports
compliant with the relevant regulations (NFPA 99 and 110) that are emailed to facility
managers, remote services and may also provide simplified reporting for other key
stakeholders, such as a facility or building CEOs. The EPSS test system 120 has
monitoring and control capability that will initiate EPSS testing and monitor switching
time and characteristics of the system to ensure that the reliability and responsiveness of
the system has not been compromised. It provides alerts on system issues that will drive
maintenance action and ensure that the system is 100% functional during a real event.

[0069] The EPSS test system 120 increases system reliability by having the
hardware and software to automatically electronically measure and monitor the EPSS 118
during all times without being intrusive based on actual data and for the most part without

any requirement for personnel to do manual recording of the test data.
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[0070] The EPSS 118 in FIG. 1 includes one or more alternate power sources
such as the emergency generator 144, automatic transfer switches and protective circuit
breakers. The one or more alternate power sources may supply the facility with power
during an interruption of the main utility supplied power. Typically, alternate power
sources are made up of one or more diesel or gas powered generators, sized to carry, at a
minimum, any vital, critical and emergency loads. After the main utility supply is
interrupted, power is transferred from the main utility supply to the alternate power
sources using the automatic transfer switches.

[0071] All three main components are coupled with monitoring equipment (e.g.,
ION 7550/7650 based power meters available from Schneider Electric), which in turn are
coupled to the monitoring software. When a facility such as the hospital facility 102 in
FIG. 1 experiences an event such as losing the primary power source goes down for the
facility, the automatic transfer switch on the main switchboard 140 enables the generator
144 to start and the switchover to the generator when the ATS is engaged.

[0072] FIG. 5 is a functional block diagram showing an example configuration
and components of a simplified automated emergency power supply system (EPSS) test
configuration 500 which may be part or all of the EPSS test system 120 in FIG. 1. The
EPSS test configuration 500 includes a communications network 502, such as an Ethernet
network, connected to a computing device 504, such as a computer or a server, a database
506, and an automatic transfer switch (ATS) 508. A status (e.g., “Test,” “Normal,” and
“Emergency”) of the ATS 508 is monitored by a first monitoring device or programmable
logic controller (PLC) 510, and a second power monitoring device 512 measures a
characteristic of power, such as current or voltage, generated by the generator 144 and
transforms the measured current or voltage into corresponding electrical parameter data
(e.g., power) for communication over the communications network 502. The status
information of the ATS 508 can also include power source information indicating that
normal power is available from the main utility power source 142 or that emergency or
alternate power is available from the alternate power source such as the generator 144.
When this additional status information is reported to the first monitoring device 510, the
EPSS test system 120 can be used to log electrical and engine parameter data generated

during actual power outages from the normal power source such as the MV service
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entrance 142 in addition to electrical and engine parameter data generated during a test of
the EPS system 118. Power monitors may also be coupled to different portions of the
electrical distribution network.

[0073] An optional temperature sensor 514 measures the exhaust temperature of
the engine of the generator 144 and communicates exhaust temperature data indicative of
the exhaust temperature of the engine. The temperature sensor 514 can communicate the
exhaust temperature data directly to the computing device 504 over the communications
network 502 or indirectly via the second power monitoring device 512. Any combination
of the electrical parameter data from the second power monitoring device 512, the exhaust
temperature data from the second power monitoring device 512 or directly from the sensor
514, and the status information from the first monitoring device 510 can be stored in the
database 506, which is accessed by the computing device 504 for evaluating a result of a
test of the EPSS 118 based on any combination of the exhaust temperature data, the
electrical parameter data, and the status information.

[0074] The second power monitoring device 512 may be any monitoring device
such as an ION7550 or ION7650 power monitor available from Schneider Electric. The
second power monitoring device 512 monitors electrical parameters (e.g., current, voltage,
frequency) of the generator 144 via analog inputs as well as three status contacts of the
generator 144, which monitor the operational status of the generator 144 (e.g., “start,”
“running,” and “stopped”), via digital inputs. A change in the operational status of any of
the three contacts is stored in a memory of the second power monitoring device 512 along
with a timestamp of the status change. The timestamp can include the time and date that
the operational status of the generator 144 changed. In addition, one or more engine
parameters of the generator 144, such as any combination of a battery voltage of a battery
in the generator 144, the exhaust temperature of the engine of the generator 144, a coolant
temperature or pressure of the engine of the generator 144, or a differential fuel pressure
across a fuel filter of the engine of the generator 144, etc. can be received at the analog
inputs of the second power monitoring device 512 and stored in a memory of the second
power monitoring device 512. Or, in examples in which the controller of the engine in the
generator 144 communicates via the MODBUS® messaging protocol, the power monitor

512 can retrieve these engine parameters directly from the engine controller.
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[0075] The computing device 504 evaluates the test result based on any
combination of the engine parameter data and the electrical parameter data and generates
one or more reports 516, which can be displayed on a video display or printed on a printer.
The first monitoring device 510 captures the “Test,” “Normal” and “Emergency” status
information transmitted by that ATS 508. All three status contacts are tied to the digital
inputs of the first monitoring device 510, which again can be a PLC. As described above,
the status information from the ATS 508 can further include contacts that indicate “utility
power available” or “emergency power available.” These additional contacts allow the
user of the computing device 504 to generate EPSS reports 516 responsive to an actual
utility outage in addition to responsive to an EPSS test.

[0076] The status information, engine parameter data, and the electrical parameter
data are automatically uploaded by the monitoring devices in the reliability system 100 via
the communications network 502 to the database 506, which can be an SQL server
database, such as an ION Enterprise SQL Server database available from Schneider
Electric. A reporting module of the EPSS 500 retrieves the data from the database 506 to
produce EPSS test reports 516. The reporting module is a machine-executable component
that runs on the computing device 504.

[0077] The functional block diagram shown in FIG. 5 illustrates the basic
components involved in the EPSS 500, and of course there are numerous ways an EPS
system can be configured for conducting automated tests as disclosed herein. FIG. 6A
shows an essential or basic configuration.

[0078] In FIG. 6A, an essential or basic EPSS configuration 600 is shown, which
is based on the EPSS 500 shown in FIG. 5. The lines numbered 602 communicate over a
MODBUS® serial communications protocol, the lines numbered 604 correspond to digital
I/O lines, and the lines numbered 606 communicate using the Ethernet communications
protocol. The essential EPSS configuration 600 includes the communications network 502
and the computing device 504 shown in FIG. 6A. In this example, the communications
network 502 is an Ethernet network that is coupled to the computing device 504 and to
first, second, third, and fourth monitoring devices or programmable logic control devices
608a,b,c,d. Any of the monitoring devices 608 disclosed herein can also correspond to the

monitoring devices 510, 512 shown in FIG. 5, and vice versa. The first, second, and third
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monitoring devices 608a-c communicate engine parameter data associated with first,
second, and third alternate power sources 610a-c by a serial communications protocol,
such as MODBUS®, to the respective alternate power sources 610a,b,c such as diesel
generators. Each generator 610a,b,c includes at least three digital outputs (labeled X
indicating an engine starting status, R indicating an engine running status, and S indicating
an engine stopped status) that supply the respective operational status of the engine to the
corresponding monitoring device 610a,b,c. The fourth monitoring device 608d monitors
the status of one or more ATS switches 508¢,f, cach having three digital outputs indicating
the status of the ATS switch as test (labeled “T”), emergency (labeled “E”), or normal
(labeled “N”). Four local ATS switches 508a-d are connected to respective overcurrent
devices (OCD) with a switching mechanism such as a MASTERPACT® power circuit
breaker available from Schneider Electric. The digital outputs of the ATS switches 508a-d
indicating status information of each of the ATS switches are received at corresponding
digital inputs of the first monitoring or PLC device 608a. Each of the ATS switches 508a-
f includes a control digital input, and each of the monitoring devices 608a-608d includes a
corresponding control digital output (labeled “T” in FIG. 6A), for instructing by the
monitoring devices 608a-608d each of the corresponding ATS switches 508a,b,c,d,e.f to
change its status to a test status for conducting a test of the EPS system 118.

[0079] For example, the monitoring devices 608a-c can be ION7550 power
monitors available from Schneider Electric, which record and store electrical parameter
data, including power quality data, from each of the corresponding generators 610a-c,
status information regarding each of the ATS switches 508a-d, and can be powered by
batteries or a uninterruptible power supply (UPS) during an outage of power from the main
utility power source 142. The monitoring device 608d can also be an ION7550 power
monitor available from Schneider Electric, and monitors ATS switches 508¢,f that are
remote from the ATS switches 508a-d. The computing device 504 can be
communicatively coupled to a paging device 614 for communicating alarms or other
information during testing of the EPSS 118.

[0080] The automated EPSS configuration 600 shown in FIG. 6A has basic

functionality in which power monitoring is implemented only at the generators 610a,b,c.
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All ATS switches 508a-f have status information only (test, emergency, normal)
monitoring. This basic configuration can be suitable for cost-sensitive projects.

[0081] For configurations in which power metering is required at the ATS level as
well as at the generator level, the exemplary enhanced configuration 600’ configuration
shown in FIG. 6B can be used. In this example configuration 600°, ATS status
information can also be tied into the respective ATS metering, or any nearby power
monitoring device with digital inputs. Like components are shown with like reference
numbers. In FIG. 6B, additional monitoring devices 608e,f,g,h are installed to provide
electrical parameter data from the ATS switches 508a-f. The monitoring devices 608e-h
can capture and store peak demand values and other information as specified in Section
220.87 of the National Electrical Code (NEC). In this enhanced EPSS configuration 600°,
the monitoring devices 608f and 608g may be PMS8-based power monitors available from
Schneider Electric. The computing device 504 can initiate a test of the EPSS system 118
and can also provide status information associated with the overcurrent devices 612a-¢.

[0082] Finally, for EPSS configurations in which power quality is important for
critical machinery or equipment such as MRI machines, it is desirable to equip selective
ATS switches with enhanced power quality metering. FIG. 6C illustrates an example
comprehensive EPSS configuration 600" in which the generators 610a-c¢ are equipped
with power quality metering. The configuration 600’ is similar to the configuration 600’
in FIG. 6B except that the overcurrent devices (OCD) 612a-¢ include a communications
interface 616a-e, and each ATS 508a-f is monitored by a corresponding monitoring device
608j-0. The communications interface 616a-¢ communicates electrical parameter data
(such as power quality data, peak demand data, and other maximum demand data) and
ATS status information (such as test, emergency, and normal) via a serial communications
protocol 602 to the computing device 504 via the monitoring device 608m over Ethernet
502. Each monitoring device 608j-o can optionally include an additional input from each
of the ATS switches 508a-f indicating a status of normal power available contacts and
emergency power available contacts, which indicate the source of power (e.g., normal 142
or alternate 144) delivered through the ATS 508. As indicated above, each of the
monitoring devices 608a-c that monitor the respective generators 610a-c monitors whether

the generators 610a-c can support a minimum required load level (e.g., 30% in the United
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States) for a minimum period of time (e.g., 30 minutes). The monitoring devices 608a-c
begin recording when the exhaust temperature being monitored by the monitoring devices
608a-c reaches the stack temperature.

[0083] The basic, enhanced, and comprehensive configuration examples shown in
FIGS. 6A-6C can be used in conjunction with any EPSS testing solution disclosed herein.
Of course, these configurations can be scaled to any size to suit a particular application,
and fewer or more devices can be used than those shown. The EPSS 500 shown in FIG. 5
is a basic EPSS, which can be expanded to any configuration, such as the configurations
600, 600°, and 600”° shown in FIGS. 6A-6C. As used herein, the configurations 600, 600°,
600’ may also be variously referred to as an EPSS.

[0084] The EPSS test system 120 interacts with the other systems in FIG. 1 with
its monitoring and control features aspect, transferring the actual measurement data to the
reporting service or facility manager’s internal alarming system and building systems 122.
The EPSS test system 120 monitoring and/or metering of the generator 144 provides
details on the genset load and logging and time stamping of genset status, the logging of
engine parameters, exhaust heat, and waveform capture during startup and transfer of
loads. The EPSS test system 120 monitors the ATS and provides details of the ATS load
in addition to logging and time stamping of transfer switch position, which is useful for
capacity planning/monitoring. In addition, waveform capture of transfers may be
performed to verify that transfer switching is not causing unusual voltage disturbances.
The status of the ATS is also monitored to provide the user with real-time monitoring and
logging of transfer switch position with time and date stamp and millisecond accuracy,
giving, for example, the user information on the status (ATS in normal position, ATS in
emergency position) and control over the type of mode of the ATS (test mode or normal
mode).

[0085] The EPSS power monitoring system 120 also may provide circuit breaker
status information. The automated EPSS test monitoring system 120 may also initiate an
EPSS test from the monitoring and control software. This is done by remotely putting an
ATS into test mode from the monitoring and control software via a digital output on a

power monitoring device or RTU.
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[0086] The non-intrusive testing and monitoring of the EPSS 118 wvia the
monitoring software integrates the EPSS test system 120 with the reliability system 100 in
FIG. 1. Testing the EPSS 118 on a regular basis within proper operating parameters is
important because the system tests point out problem areas which need to be addressed to
increase the system’s overall mean time between failures (MTBF). Some or all of the
power monitors may include a communication port for communicating with a remote
management facility such as the third party service provider 104 via the communications
network as part of the monitoring system 122.

[0087] The reliability system 100 in FIG. 1 is based on the connection and
automation of the above described components which may perform various services.
Information regarding the delivery of power from the main utility source such as the MV
service entrance 142 is sent over a communications network that may be part of the
monitoring system 122. In the case of a trip condition that may interrupt the delivery of
power to a load in a critical area such as the operating room, this information includes the
occurrence of trip conditions. Other information may include re-closings of circuit
breakers and changes in the settings of circuit breakers. An alarm is transmitted over the
communications network when a trip condition occurs so that action can be taken to
resume the delivery of power to loads to which power delivery has been interrupted. The
alarm is transmitted to at least communication stations associated with the critical loads
such as the touchscreen panels 410, workstation 420 and maintenance computer 422 in
FIG. 4. An automatic transfer switch is automatically instructed to couple an alternate
power source such as the generator 144 to the loads to which power delivery has been
interrupted, if the delivery of power to such loads is not restored within a preset time
period. The reliability system 100 also stores and periodically evaluates information
regarding the occurrences of trip conditions and uses of said alternate power source by
load, and transmits an alert over the communications network to relevant parties such as
the facility management or the third party service provide 104 an alert when the evaluation
identifies a performance change for any load.

[0088] The facility manager is able to make intelligent decisions that will help

prevent electrical distribution failures or in the unlikely event of a failure based on use of
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the reliability system 100. The facility manager is also able to re-energize the power
system in the most expedient and safest manner possible.

[0089] The services offered by the system 100 allows for maintenance and
operation of the electrical distribution infrastructure in a facility such as the hospital
facility 102 in FIG. 1 to be outsourced an external remote services provider 104 which
operates as the remote facilities manager. By enabling external facility management
companies, the complete electrical distribution network may be managed remotely and the
hospital facility is provided with information that help them make informed decisions on
their operations.

[0090] These services may include: 1) remote facility management; 2) drive
predictive maintenance; 3) preventative and curtailment maintenance; and 4) eServices.
Remote facility management services may extract data from a facility via the
communications network of the monitoring system 122 and use this information to
remotely manage the facility. The data may include current flow, trips, breaker status, life
cycle info, pickup thermal elements, various genset engine parameters, load, etc.
Generally there are four types of actions that may be offered by remote facility
management services. The actions may be in response to an alert or a message to initiate
maintenance action in response to preset changes detected by the monitoring system 122
information regarding selected characteristics of the electrical distribution system and a
critical load in critical areas. The reliability system 100 may enable third party
maintenance services for just in time services. The reliability system 100 may dispatch a
third party service provider for an immediate emergency fix to provide immediate services
or maintenance on a device or to address an alert that can come in from any part of the
facility. The reliability system 100 may assist in walking an unskilled person through
steps to fix a problem and get the system back online. The reliability system may also tag
the problem to be addressed via a maintenance schedule and re-energize the system
remotely. This is beneficial for the user as it increases reliability of the system and its
components because the user now knows even though an alert has been triggered for a
device or part (i.e., breaker tripped) the part won’t fail under standard maintenance

schedule, and thus the user can reduce cost by delaying non-critical maintenance.
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[0091] FIG. 7 is an example of the workflow that occurs to deploy the reliability
system 100. An outage or power event occurs on a power system in a facility such as the
hospital facility 102 (700). The event triggers an alert to the relevant stakeholders via the
connected monitoring devices (702). For example there could be a breaker trip which is an
emergency because the hospital is without power in a portion of the facility. The ECPR
system 112 takes all the relevant information on the outage and sends the information to
remote services or internal facility maintenance (704). Because the remote services has an
overview of the entire facility system and its components, the remote services may receive
and understand the issue, understand the component problem, background on parts, wear
on components, etc in the context of the entire power system and make an informed
recommendation on how to best reset or reenergize the power system. The facility
manager then contacts remote services (or vice versa) (706). Communications may be via
email, phone, etc, and is pushed out to the relevant people and key stakeholders with issues
to help them work through the problem, or provides them with the advice to defer the
problem to another maintenance schedule. The “Stakeholders” are highly variable and
could include people as high as the facility manager or even the CEO, but also the front
line workers who would be available based on their maintenance shifts for who is in
charge, etc. From the information provided to remote services (via the ECPR system 112),
they can now work with a relatively unskilled maintenance person to fix the breaker &
reclose, or remotely reclose it if there is no error (708). If they see where the error/alert is
in the system, they can schedule and prioritize a fix as necessary.

[0092] Solutions and problems may be prioritized in the reliability system 100.
For example, main breakers may be tagged higher priority than secondary breakers. The
specific priority information is fed from the ECPR system 112. The entire power
monitoring system overview provides the context to make a relevant maintenance decision
that is both efficient in terms of time and cost.

[0093] Drive predictive maintenance services includes providing predictive
maintenance based on the information from the reliability system 100 (specifically from
EPSS test system 120 and the ECPR system 112) and the data from the manufacturer. In
this facility management service, the remote services provider match the manufacturer’s

limits on the devices with the actual events, and provides a recommendation on the most
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efficient way to fix the system with the shortest downtime. These services use actual
maintenance data to create a realistic model based on actual conditions as opposed to
theoretical calculations. The real-life predictive portion is generated by obtaining data
from the EPSS test system 120 and the ECPR system 112 and feeding it to the services
model.

[0094] For example, breakers require maintenance to operate, but too much
maintenance can also be an issue. If the breakers are never operated, this creates a
reliability concern because they need to be cycled to lubricate the mechanical components.
However, if the breakers are continually operated due to continual testing, this is also a
reliability concern, because the frequency of operation may result in having to replace the
breaker. In this service, the system 100 uses data collected by the ECPR system 112
(operation minimal and maximum numbers against the manufacturer’s recommendations)
so when an actual trip happens it has the history to help make the decision on whether or
not the breaker requires an emergency replacement or it can be reclosed and tagged for
future maintenance. Combining the manufacturer’s electrical characteristics of the
breaker/equipment with actual usage data provides the remote services provider 104 with
the data on when the breaker/equipment needs to be manually maintained, upgraded,
replaced, etc.

[0095] The preventative and curtailment maintenance services may be utilized to
improve cost savings and reliability, and using the reliability system 100 to coordinate
between the utility and the facility. One scenario is that at the request of the utility, the
critical facility can be taken off the grid and switched over to its own power sources. This
would occur when the utility has too much predicted demand compared to the available
supply and needs to manage its own resources. It would also occur if the utility knows of
an upcoming outage possibly due to weather or predicted maintenance. A second scenario
is where the utility requests that backup power supplies be utilized, but fed back onto the
grid. This would occur when the utility is in need of excess capacity to fulfill their required
demand. Another scenario is conducting a coordination study by a monitoring system
such as the monitoring system 412 in FIG. 4 when the setting of a circuit breaker is
changed. An identification of any point of potential failure identified by the coordination

study is transmitted over the communications network included in the monitoring system
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122 to personnel such as the facilities manager or a third party service provider such as the
service provider 104.

[0096] The eService is a “smart reporting” service which provides reporting based
on the actual requirements of the facility or its machines/products to the relevant
stakeholders. For example, it is standard practice is to run a backup generator for one hour
per month to ensure it is working, test the transfer switch, etc. However in practice it is
done manually, where a user may “fudge” the data if it is close to passing, but does in fact
fail (i.e., runs for 56 minutes, not 1 hour per requirement; transfer switch takes 12 seconds
to re-energize the system, as opposed to the 10 seconds required by regulations). With the
eService, the monitoring and recording of all the systems and the associated data is
leveraged, and may provide an accurate report to the facility based on comparing test
requirements to the actual standard. As an extension, this also gives the ability for key
stakeholders (i.e., facility manager, CEO, etc) to have accurate and automated “on
demand” reporting of the information.

[0097] Another eService may combine the facility information with external
information that will impact the facility. Typically, the Facility Manager would not be
aware of or have insight into this information. This includes tracking installed equipment
for recalls via the manufacturer and automatically taking action on the impacted equipment
with scheduled maintenance, or immediate replacement if warranted. This is beneficial to
the facility as it consolidates the need to coordinate recalls and the required
maintenance/replacement all in one event. Secondly it benefits the equipment suppliers as
they now have the ability to get feedback from eServices on how many recalled pieces of
equipment are in place, specifically how many are at a critical point and need to be
repaired immediately, and how many have low-risk problems and maintenance or
replacement can be deferred for a period of time.

[0098] Another instance is trending analysis of equipment characteristics across
different facilities (clients of the third party) to drive predictive maintenance on devices.
Often, a few data points on devices in one facility may not be enough to predict failure
with high accuracy, but by combining data across customers it will provide enough
statistical data to improve predictions of when maintenance is required. In practice if a

generator only is tested for perhaps 1 hour, once per month (per the local standard) and a



WO 2012/061014 PCT/US2011/056808

-30 -

facility is small with only 1 generator, it does not have enough data to measure drift of
runtime over a short period of time. However, combined with other similar generator data
from other facilities, it gives enough information for eServices to analyze the information
quickly to predict maintenance or failure appropriately. As well, it also gives a reference
point for the monitored equipment against other locations to indicate why it may not be
operating within range, or it is perhaps the “highest at risk” of all equipment so it should
be investigated regardless.

[0099] Any of these algorithms include machine readable instructions for
execution by: (a) a processor, (b) a controller, and/or (¢) any other suitable processing
device. It will be readily understood that the system 100 includes such a suitable
processing device or devices. Any algorithm disclosed herein may be embodied in
software stored on a tangible medium such as, for example, a flash memory, a CD-ROM, a
floppy disk, a hard drive, a digital versatile disk (DVD), or other memory devices, but
persons of ordinary skill in the art will readily appreciate that the entire algorithm and/or
parts thereof could alternatively be executed by a device other than a controller and/or
embodied in firmware or dedicated hardware in a well known manner (e.g., it may be
implemented by an application specific integrated circuit (ASIC), a programmable logic
device (PLD), a field programmable logic device (FPLD), discrete logic, etc.). Also, some
or all of the machine readable instructions represented in a flowchart depicted herein may
be implemented manually. Further, although specific algorithms are described with
reference to flowcharts depicted herein, persons of ordinary skill in the art will readily
appreciate that many other methods of implementing the example machine readable
instructions may alternatively be used. For example, the order of execution of the blocks
may be changed, and/or some of the blocks described may be changed, eliminated, or
combined.

[00100] FIG. 8 is a flow diagram of an evaluation process using the reliability
system 100 in FIG. 1. The reliability system 100 may manage an electrical distribution
system for a healthcare facility such as the hospital 102 in FIG. 1 having electrical loads
that include critical loads requiring highly reliable power delivery such as in the operating
room 124. The health care facility has a main utility power source such as the MV service

entrance 142 for supplying power to the loads via the electrical distribution system and an
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alternate power source such as the generator 144 for supplying power to at least certain of
the loads in the event of disruption of power from the main utility source. At least one
automatic transfer switch selectively couples the main utility and alternate power sources
to the loads. Information regarding the delivery of power to the loads from the main utility
source is received over a communications network such as the communications network
that is part of the monitoring system 122 (1000). The information includes the occurrence
of trip conditions that interrupt the delivery of power to identified loads such as loads in
the operating room 124.

[00101] An alarm is transmitted over the communications network when a trip
condition occurs so that action may be taken to resume the delivery of power to loads to
which power delivery has been interrupted (1002). The alarm is transmitted to at least
communication stations associated with said critical loads such as the touchscreen panels
410 or workstation 422 in FIG. 4. An automatic transfer switch is instructed over the
communications network to couple the alternate power source to the loads to which power
delivery has been interrupted if the delivery of power to such loads is not restored within a
preset time period (1004).

[00102] Information regarding the occurrences of trip conditions and uses of the
alternate power source by load is stored and periodically evaluated (1006). An alert may
be transmitted over the communications network when the evaluation identifies a
performance change for any load (1008). The alert may be generated automatically by the
remote facilities management station such as the remote service provider 104. A
maintenance action may be initiated in response to the alert. The alert may be
communicated to a remote facilities management station such as that in the remote service
provider 104 in the format of diagnostic information in real time. Such diagnostic
information may include information regarding the remote re-closing of circuit breakers.
The diagnostic information may also initiate a fault check to determine the causes of trip
conditions and whether power delivery can be safely resumed.

[00103] Another process for managing the electrical distribution system for a
healthcare facility such as the hospital 102 described above is shown FIG. 9. Information
regarding the delivery of power to loads from the main utility source such as the MV

service loop 142 is received over the communications network (1100). The information
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includes the occurrence of trip conditions that interrupt the delivery of power to identified
loads, re-closings of circuit breakers, and changes in the settings of circuit breakers. An
alarm is transmitted over the communications network when a trip condition occurs so that
action can be taken to restore the delivery of power to loads to which power delivery has
been interrupted (1102). The alarm is transmitted to at least communication stations such
as the workstation 420 or 424 associated with the critical loads which are in the operating
room 124 in this example. A standard coordination study is conducted by a controller such
as the processor associated with a workstation when the setting of a circuit breaker is
changed (1104). The coordination study may be conducted in real time if desired. An
identification of any point of potential failure identified by the coordination study is
transmitted over the network. The coordination study may identify a single most likely
point of potential failure in said distribution system. A supervisor may initiate a
maintenance mode of operation for the circuit breakers in response to said alert.

[00104] FIG. 10 shows another process used by the reliability system 100 to
manage the electrical distribution system for a healthcare facility such as the hospital 102
in FIG. 1. Information regarding the delivery of power to the loads in the hospital 102
from the main utility source is received over a communications network (1200). The
information includes the occurrence of trip conditions that interrupt the delivery of power
to identified loads, re-closings of circuit breakers, and changes in the settings of circuit
breakers. Information regarding selected characteristics of at least one of the distribution
system and a critical load is received over a communications network. The information is
received and monitored (1204). An alert or communication initiating maintenance action
is transmitted over the communications network in response to detected preset changes in
the monitoring and in information regarding selected characteristics of at least one of said
distribution system and a critical load (1206).

[00105] While particular embodiments and applications of the present invention
have been illustrated and described, it is to be understood that the invention is not limited
to the precise construction and compositions disclosed herein and that various
modifications, changes, and variations may be apparent from the foregoing descriptions
without departing from the spirit and scope of the invention as defined in the appended

claims.
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What is claimed is:

1. A method of managing an electrical distribution system for a healthcare
facility having electrical loads that include critical loads requiring highly reliable power
delivery, and a main utility power source for supplying power to said loads via said electrical
distribution system, said method comprising

receiving, over a communications network, information regarding the delivery of
power to said loads from said main utility source, said information including the occurrence
of trip conditions that interrupt the delivery of power to identified loads,

transmitting, over said communications network, an alarm when a trip condition
occurs so that action can be taken to resume the delivery of power to loads to which power
delivery has been interrupted, said alarm being transmitted to at least communication stations
associated with said critical loads,

instructing, over said communications network, an automatic transfer switch to couple
said alternate power source to said loads to which power delivery has been interrupted, if the
delivery of power to such loads is not restored within a preset time period, and

storing and periodically evaluating information regarding the occurrences of trip
conditions and uses of said alternate power source by load, and transmitting, over said
communications network, an alert when said evaluation identifies a performance change for
any load.

2. The method of claim 1 which includes initiating a maintenance action in
response to said alert.

3. The method of claim 1 which includes communicating said alert to a remote
facilities management station in the format of diagnostic information in real time.

4. The method of claim 3 in which said diagnostic information includes
information regarding the remote re-closing of circuit breakers.

5. The method of claim 3 in which said diagnostic information initiates a fault
check to determine the causes of trip conditions and whether power delivery can be safely
resumed.

6. The method of claim 3 in which said alert is generated automatically by said

remote facilities management station.
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7. A method of managing an electrical distribution system for a healthcare
facility having electrical loads that include critical loads requiring highly reliable power
delivery, and a main utility power source for supplying power to said loads via said electrical
distribution system, said method comprising

receiving, over a communications network, information regarding the delivery of
power to said loads from said main utility source, said information including the occurrence
of trip conditions that interrupt the delivery of power to identified loads, re-closings of circuit
breakers, and changes in the settings of circuit breakers,

transmitting, over said communications network, an alarm when a trip condition
occurs so that action can be taken to restore the delivery of power to loads to which power
delivery has been interrupted, said alarm being transmitted to at least communication stations
associated with said critical loads, and

conducting a coordination study by a controller when the setting of a circuit breaker is
changed, and transmitting, over said communications network, an identification of any point
of potential failure identified by said coordination study.

8. The method of claim 7 in which said coordination study identifies a single
most likely point of potential failure in said distribution system.

9. The method of claim 7 which includes initiating a maintenance mode of
operation for said circuit breakers in response to said alert.

10. The method of claim 7 in which said coordination study is conducted in real
time.

11. A method of managing an electrical distribution system for a healthcare
facility having electrical loads that include critical loads requiring highly reliable power
delivery, and a main utility power source for supplying power to said loads via said electrical
distribution system, said method comprising

receiving, over a communications network, information regarding the delivery of
power to said loads from said main utility source, said information including the occurrence
of trip conditions that interrupt the delivery of power to identified loads, re-closings of circuit
breakers, and changes in the settings of circuit breakers,

transmitting, over said communications network, information regarding selected

characteristics of at least one of said distribution system and a critical load,
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receiving and monitoring said information, and
transmitting, over said communications network, an alert or initiating maintenance
action in response to preset changes detected, by said monitoring, in said information
regarding selected characteristics of at least one of said distribution system and a critical load.
12.  An electrical distribution system for a healthcare facility having electrical
loads that include loads requiring highly reliable power delivery, said system comprising
an electrical power distribution system within said facility for supplying power to said
loads,
monitoring devices coupled to said power distribution system for monitoring the
power supplied to selected loads in said healthcare facility and detecting fault conditions,
power interruption devices in said power distribution system for interrupting the
supply of power to selected loads in response to the detection of a fault condition,
a communications network coupled to said monitoring devices, and
a controller coupled to said monitoring devices, said interruption devices and said
communications network and configured to
receive information regarding the delivery of power to said loads, said
information including the occurrence of trip conditions that interrupt the delivery of
power to identified loads,
store and periodically evaluate information regarding the occurrences of trip
conditions and uses of said interruption devices, and
transmit, over said communications network, an alert when said evaluation
identifies a performance change for any load.
13.  An electrical distribution system for a healthcare facility having electrical
loads that include loads requiring highly reliable power delivery, said system comprising
an electrical power distribution system within said facility for supplying power to said
loads,
monitoring devices coupled to said power distribution system for monitoring the
power supplied to selected loads in said healthcare facility and detecting fault conditions,
power interruption devices in said power distribution system for interrupting the
supply of power to selected loads in response to the detection of a fault condition,

a communications network coupled to said monitoring devices, and
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a controller coupled to said monitoring devices, said interruption devices and said
communications network and configured to
receive information regarding the delivery of power to said loads from said
main utility source, said information including the occurrence of trip conditions that
interrupt the delivery of power to identified loads, re-closings of circuit breakers, and
changes in the settings of circuit breakers,
transmit an alarm when a trip condition occurs so that action can be taken to
restore the delivery of power to loads to which power delivery has been interrupted,
said alarm being transmitted to at least communication stations associated with said
critical loads, and
conduct a coordination study by a controller when the setting of a circuit
breaker is changed, and transmit an identification of any point of potential failure
identified by said coordination study.
14.  An electrical distribution system for a healthcare facility having electrical
loads that include loads requiring highly reliable power delivery, said system comprising
an electrical power distribution system within said facility for supplying power to said
loads,
monitoring devices coupled to said power distribution system for monitoring the
power supplied to selected loads in said healthcare facility and detecting fault conditions,
power interruption devices in said power distribution system for interrupting the
supply of power to selected loads in response to the detection of a fault condition,
a communications network coupled to said monitoring devices, and
a controller coupled to said monitoring devices, said interruption devices and said
communications network and configured to
receive information regarding the delivery of power to said loads from said main utility
source, said information including the occurrence of trip conditions that interrupt the delivery
of power to identified loads, re-closings of circuit breakers, and changes in the settings of
circuit breakers,
transmit information regarding selected characteristics of at least one of said
distribution system and a critical load,

receive and monitor said information, and
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transmit an alert or initiate maintenance action in response to preset changes
detected, by said monitoring, in said information regarding selected characteristics of
at least one of said distribution system and a critical load.

15. A computer program product, comprising one or more non-transitory tangible
media having a computer readable program logic embodied therein, the computer readable
program logic configured to be executed to implement a method for automatically managing
an electrical distribution system for a healthcare facility having electrical loads that include
critical loads requiring highly reliable power delivery, the method comprising:

receiving, over a communications network, information regarding the delivery of
power to said loads from said main utility source, said information including the occurrence
of trip conditions that interrupt the delivery of power to identified loads,

transmitting, over said communications network, an alarm when a trip condition
occurs so that action can be taken to resume the delivery of power to loads to which power
delivery has been interrupted, said alarm being transmitted to at least communication stations
associated with said critical loads,

instructing, over said communications network, an automatic transfer switch to couple
said alternate power source to said loads to which power delivery has been interrupted, if the
delivery of power to such loads is not restored within a preset time period, and

storing and periodically evaluating information regarding the occurrences of trip
conditions and uses of said alternate power source by load, and transmitting, over said
communications network, an alert when said evaluation identifies a performance change for

any load.
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350
Electrical Fault
352 v
User receives alarm message via SMS, email or similar
354~ ;
Connect to ECPR system with laptop or tablet or similar
using Wifi or other connection
356 — v
Determine which breaker or breakers have tripped
358 — v
ECPR analyzes failure modes and trip conditions
360 — v

ECPR will assist to predict cause of fault and fault location
using a detailed set of underlying decision trees based on a

large collection of real life scenarios

362~ v

Based on the predictions, the operator will attempt to
remove or resolve the fault condition.

364 — v

The operator will use the short circuit tester to verify that
any short circuit has been cleared

366~ ¢

If, with the assistance of ECPR, the operator determined
that it is safe to reclose the circuit breaker(s), the remote

recloser is used to safely restore power

FIG. 3C
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Outage or Power Event Happens

™ v
Event Triggers Alert to Stakeholders
(Remote Services + Facility), and
Alter/Error is seen

702

Facility Contacts Remote Services
Remote Services Contact Facility
708~ ¢ ¢

Remote Services Provides
Solution to the Problem

FIG. 7

1000~

receive, over communications network, information regarding
delivery of power to loads from main utility source

1002~ I

transmit, over communications network, alarm when trip condition
occurs so action can be taken to resume delivery of power to

interrupted loads

1004 l

instruct, over communications network, automatic transfer
switch to couple alternate power source to interrupted loads, if

delivery of power not restored within preset time period

1006~ I

store and periodically evaluate information regarding occurrences of
trip conditions and uses of alternate power source by load

1008~ I

transmitting, over communications network, alert when evaluation
identifies performance change for any load

FIG. 8
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1100\

receive, over communications network, information (e.g., occurrence of
trip conditions, re-closings of circuit breakers, and circuit breaker setting
changes) regarding delivery of power to loads from main utility source

1102 l

transmit, over communications network, alarm when trip condition occurs
S0 action can be taken to restore delivery of power to interrupted loads

1104~ v

conduct coordination study when setting of circuit breaker
is changed, and transmit identification of point
of potential failure identified by coordination study

FIG. 9

1200\

receive, over communications network, information (e.g., occurrence of
trip conditions, re-closings of circuit breakers, and circuit breaker setting
changes) regarding delivery of power to loads from main utility source

1202\ l

transmit, over communications network, information regarding selected
characteristics of distribution system and/or critical load

1204~ ¢

receive and monitor transmitted information

1206~ ¢

transmit, over said communications network,
an alert or initiate maintenance action in response
to preset changes detected by monitoring

FIG. 10
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