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age elements) by at least one disconnect switch assembly that includes at least a first switch coupled to the first unmterruptable
power supply and a second switch coupled to the second unmterruptable power supply.
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SYSTEM AND METHOD FOR MULTIPLE POWER SUPPLIES

BACKGROUND
TECHNICAL FIELD
[0001] Embodiments of the subject matter disclosed herein relate to energy

storage systems. Other embodiments relate to uninterruptable power supplies.

DISCUSSION OF ART

[0002] Uninterruptable power supplies have battery systems that enable the
uninterruptable power supply to provide power to a load when there is an interruption
in a utility power grid or when there are quality issues with the incoming electrical
supply.  Current battery systems include dedicated battery systems for each
uninterruptable power supply (UPS), for example, two uninterruptable power
supplies, each of which has a battery system connected to it which serves only that
uninterruptible power supply. Such systems are expensive and require UPS downtime
when the batteries are serviced.

[0003] It would therefore be desirable to develop a system with battery system
features and characteristics that differ from those of systems that are currently

available.

BRIEF DESCRIPTION

[0004] In an embodiment, a system is provided having a single energy storage
device, a first uninterruptable power supply switchably coupled to the single energy
storage device, and at least one second uninterruptable power supply switchably
coupled to the single energy storage device. As used herein, the term “single energy
storage device” refers to an energy storage device that is electrically shared by two or
more uninterruptible power supplies (UPS’s), as opposed to each UPS having its own
dedicated energy storage device; in at least one mode of operation, each UPS can
potentially receive power from any part of the energy storage device. The system also
comprises at least one disconnect switch assembly that includes at least two switches
including a first switch (e.g., a dual pole switch) coupled to the first uninterruptable

power supply, and a second switch (e.g., a dual pole switch) coupled to the second
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uninterruptable power supply. The at least one disconnect switch assembly is
operatively connected externally and/or internally to the single energy storage device.
Each switch has an on state and an off state to enable the energy storage device to
electrically communicate with either or both uninterruptable power supplies (e.g.,
based on whether the switches are in the on state or off state). In another
embodiment, the system further comprises a controller that is configured to control
the at least one disconnect switch assembly and switching of the at least two switches
between the on state and the off state, depending on the current mode of operation of
the controller.

[0005] Another embodiment relates to a method. The method comprises a step of
controlling at least one disconnect switch assembly to supply backup power from a
single energy storage device to at least two uninterruptable power supplies, including
a first uninterruptable power supply and a second uninterruptable power supply, over
at least two electrical busses. In another embodiment, the method includes a step of
controlling the at least two uninterruptable power supplies to supply input power from

at least one alternating current feed to the single energy storage device and/or a load.

BRIEF DESCRIPTION OF THE DRAWINGS

[0006] Reference is made to the accompanying drawings in which particular
embodiments of the invention are illustrated as described in more detail in the
description below, in which:

[0007] FIG. 1 is a schematic of a system having uninterruptable power supplies
and a single energy storage device, according to an embodiment of the invention;
[0008] FIG. 2 are schematics of alternative disconnect switch assemblies
connected to a battery in the single energy storage device, according to various
embodiments;

[0009] FIG. 3 is a schematic of the system having uninterruptable power supplies
and a single energy storage device of FIG. 1, showing a different mode of operation;
[0010] FIG. 4 is a schematic of the system having uninterruptable power supplies
and a single energy storage device of FIG. 1, showing another mode of operation;
[0011] FIG. 5 is a schematic of the system having uninterruptable power supplies

and a single energy storage device of FIG. 1, showing another mode of operation;
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[0012] FIG. 6 is a flowchart of an embodiment of a method of monitoring and
controlling the system having uninterruptable power supplies and a single energy
storage device of FIGS. 1-5;

[0013] FIG. 7 is a schematic of another embodiment of the system having
uninterruptable power supplies and a single energy storage device; and

[0014] FIG. 8 is a schematic of yet another embodiment of the system having

uninterruptable power supplies and a single energy storage device.

DETAILED DESCRIPTION

[0015] Embodiments relate to a system and method having a single energy
storage system and multiple uninterruptable power supplies. With reference to the
drawings, like reference numerals designate identical or corresponding parts
throughout the several views. However, the inclusion of like elements in different
views does not mean a given embodiment necessarily includes such elements or that
all embodiments of the invention include such elements.

[0016] FIG. 1 illustrates an electrical schematic of a system 100 having batteries
and uninterruptable power supplies. The system 100, e.g., a power system,
electrically connects a first grid alternating current feed 102 and a first transformer
104, e.g., a step down transformer, to a first uninterruptable power supply 106 that is
configured to continuously provide at least a portion of a power requirement to a load
108. The load represents a load required by telecommunications data centers,
computer centers, and electrical equipment, for example. The first uninterruptable
power supply 106 includes a rectifier 110 (also known as a charger) that converts the
first grid alternating current feed 102 from alternating current power (“AC power”) to
direct current power (“DC power”) before charging a single energy storage device
142 (discussed further below). Furthermore, the first uninterruptable power supply
106 includes an inverter 114 that converts the DC power from the energy storage
device into AC power to supply power to the load 108, e.g., continuously or when
there is a power surge, brownout, or line noise from the first grid alternating current
feed 102. The rectifier and inverter can be any type, size, capacity, and configuration
known by one skilled in the art of power systems. In the illustrated embodiment, the

first uninterruptable power supply 106 further includes a load power line and switch
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116 that supplies AC power to the load 108 after the first uninterruptable power
supply 106 ensures that the power from transformer 104 is of adequate quality.

[0017] Further, the system 100 schematically illustrated in FIG. 1 includes a
second grid alternating current feed 118 and a second transformer 120 electrically
connected to a second uninterruptable power supply 122 that is configured to
continuously provide at least a portion of the power to the load 108. Similar to the
first uninterruptable power supply 106, the second uninterruptable power supply 122
includes a rectifier 124 (also known as a charger) that converts the second grid
alternating current feed 118 from AC power to DC power before charging the single
energy storage device 142 (discussed further below). Furthermore, the second
uninterruptable power supply 122 includes an inverter 128 that converts the DC
power from the energy storage device into AC power to supply power to the load 108.
The second uninterruptable power supply 122 further includes a load power line and
switch 130 that supplies AC power to the load 108 from the grid and transformer.
Even though the electrical connections between the UPS’s and the energy storage
device are shown as single line connections, it is to be understood that the single line

connections represent DC + and DC- connections.

[0018] FIG. 1 further illustrates system 100 having a single energy storage device
142 and a controller 144. The system 100 may be configured to include a single
energy storage device and at least two uninterruptable power supplies configured to
supply electricity to at least a portion of the load 108. For example, a single energy
storage device and four uninterruptable power supplies that are each adapted to supply
a portion of the load, up to one-hundred percent of the load, may be provided.
Furthermore, the system 100 may include uninterruptable power supplies of different
configurations, including but not limited to on-line, ¢.g., double conversion on-line,
line-interactive, or standby uninterruptable power supply systems. In another
alternative embodiment, the system 100 may not include redundant or dedicated grid
alternating current feeds, but rather may be configured with a single grid alternating
current feed that is electrically connected to both uninterruptable power supplies. In
yet another embodiment, the system may include uninterruptable power supplies that

are each clectrically connected to two or more grid alternating current feeds, e.g., a
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first grid alternating current feed connectable to a first uninterruptable power supply
and at least two second grid alternating current feeds connectable to at least one
second uninterruptable power supply. A grid alternating current feed is defined to
mean a connection to the public power grid for receiving AC power, a connection to a

diesel generator for receiving AC power, or any other source of AC power.

[0019] As shown in FIG. 1 and discussed above, the system 100 includes the
single energy storage device 142 (comprising at least one battery or other energy
source, ¢.g., source of electrical energy) and at least one disconnect switch assembly
152, 158, 164. The single energy storage device 142 and disconnect switch assembly/
assemblies may be assembled as a single unit or package. For example, the single
energy storage device may include electro-mechanical (e.g., flywheel) energy
source(s) (with or without power conditioning equipment), and/or electro-static (e.g.,
capacitor) energy source(s) (with or without power conditioning equipment).
Regardless of type, the energy sources of the single energy storage device may be
configured to supply a voltage/power requirement of a load via the first
uninterruptable power supply and the second uninterruptable power supply. In
another embodiment, the system may include a single energy storage device that
comprises at least one battery or other energy source, at least one disconnect switch
assembly, and at least one uninterruptable power supply.

[0020] In the illustrated embodiment, the single energy storage device includes a
first battery 146, a second battery 148, and a third battery 150 that are each switchably
coupled to the first uninterruptable power supply 106 and the second uninterruptable
power supply 122 via a dual bus configuration having a first electrical bus 111 and a
second electrical bus 113. The first, second, and third batteries are connected in
parallel and are switchably coupled to each uninterruptable power supply. The
batteries in the single energy storage device may include, but are not limited to, at
least one of the following electro-chemical storage technologies having electro-
chemical cells: lead acid, sodium metal halide, lithium, and nickel-cadmium. Other
types of electro-chemical technologies are possible as well. Further, the batteries may
include any battery type, size, and energy capacity, including, but not limited to non-

rechargeable and rechargeable batteries, e.g., a multi-cell battery, a 500 volt battery,
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240 volt wet acid batteries, lithium-ion batteries, nickel metal hydride batteries,
sodium-sulfur batteries, and the like. However, in general, every battery in a
particular single parallel system embodiment (i.e., embodiment where multiple
batteries are connected in parallel) operates at the same voltage and is typically of the
same type and has the same number of cells as the other batteries in the system.

[0021] In accordance with an embodiment, the system 100 further includes at
least one disconnect switch assembly for each battery or other energy source of the
single energy storage device 142. In the illustrated embodiment, the first battery 146
is operatively connected to a first disconnect switch assembly 152 having a first
switch 154 switchably coupled to the first uninterruptable power supply 106 and a
second switch 156 switchably coupled to the second uninterruptable power supply
122, e.g., a dual disconnect switch assembly. Each switch is controllable (e.g.,
switchable) between an on state, for establishing one or more electrical connections,
and an off state, for establishing one or more electrical open conditions. In
accordance with an embodiment, each switch 154 and 156 is a two-pole switch
providing the ability to switch in/out DC positive and negative potentials from the
batteries (even though only a single line connection is shown in the figure). In the
mode of operation shown in FIG. 1, the first switch 154 and the second switch 156 are
both switched to the on state and are enabling the energy storage device, i.c., first
battery 146, to electrically communicate with the first uninterruptable power supply
106 and the second uninterruptable power supply 122, respectively, over respective
electrical buses 111 and 113 of the dual bus configuration.

[0022] In the illustrated embodiment, the switches of the disconnect switch
assembly are contact switches. In another embodiment, the switches of the disconnect
switch assembly are at least one of the following: a contact switch, a motor actuated
switch, a motor actuated breaker, and/or a circuit breaker. Again, the switches are
two-pole switches, in accordance with an embodiment. However, in accordance with
an alternative embodiment, the switches may be single-pole switches, to
connect/disconnect only the DC + (positive) side or the DC — (negative) side of the
battery.

[0023] Further in the illustrated embodiment, the second battery 148 is

operatively connected to a second disconnect switch assembly 158 having a first
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switch 160 switchably coupled to the first uninterruptable power supply 106 and a
second switch 162 switchably coupled to the second uninterruptable power supply
122. Furthermore, the third battery 150 is operatively connected to a third disconnect
switch assembly 164 having a first switch 166 switchably coupled to the first
uninterruptable power supply 106 and a second switch 168 switchably coupled to the
second uninterruptable power supply 122. In the mode of operation shown in FIG. 1,
the first and second switches connected to each battery are each switched to the on
state and are enabling the energy storage device to supply DC power to each
uninterruptable power supply. In other words, the batteries in the single energy
storage device 142 are connected in parallel and are each supplying at least a portion
of the power required by the load 108. In another embodiment, each disconnect
switch assembly includes more than two switches that are switchably connected to
more than two uninterruptable power supplies, i.c., one switch for ecach
uninterruptable power supply.

[0024] In the illustrated embodiment, the first disconnect switch assembly 152,
second disconnect switch assembly 158, and third disconnect switch assembly 164 are
configured to be internal to a housing of the single energy storage device 142 that also
includes the batteries, i.e., the housing houses the batteries and the disconnect switch
assemblies. In another embodiment, the first disconnect switch assembly, the second
disconnect switch assembly, and/or the third disconnect switch assembly may be
configured to be located in another location, ¢.g., external to a housing of the single
energy storage device.

[0025] In accordance with an embodiment, the system 100 further includes the
controller 144 that is configured to monitor the system 100 for detection of operating
events and configured to control each switch in the at least one disconnect switch
assembly in response to the monitoring. For example, an operating event may
include, but is not limited to, a battery source fault, an overheating battery, an
uninterruptable power supply fault, an overheating uninterruptable power supply, a
supply voltage fault, a disconnect switch assembly fault, and/or a load demand
reduction. The controller 144 controls cach switch of the disconnect switch
assemblies and also controls when each switch electrically connects each battery to

cach uninterruptable power supply. In another embodiment, the controller may
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monitor the system or control the system based on input or output from another
control system. In yet another embodiment, the system is configured to have two or
more controllers that are each configured to be associated with at least one of the
following: a disconnect switch assembly, an uninterruptable power supply, and/or a
single energy storage device. In general, the controller can be implemented in a
centralized manner or a distributed manner, in accordance with various embodiments
of the present invention.

[0026] The controller is illustrated in FIG. 1 as electrically communicating with
cach individual switch in each disconnect switch assembly, e.g., the controller
includes a control bus that connects to each switch. In another embodiment, the
controller electrically communicates with at least one of the following: at least one
disconnect switch assembly, at least one uninterruptable power supply, at least one
grid alternating current feed, at least one transformer, and/or at least one load. In
another embodiment, the controller controls the at least one disconnect switch
assembly in response to a manual command, e.g., onc of the two or more
uninterruptable power supplies is manually taken off line and the controller disrupts
the electrical communication between the one uninterruptable power supply and the
connected batteries.

[0027] In accordance with an alternative embodiment, the controller 144 is not
present in the system 100 and the disconnect switch assemblies are operated based on
a local battery monitor of each battery. That is, a battery can disconnect itself from
one or more of the uninterruptible power supplies via the corresponding disconnect
switch assembly. A local battery monitor may monitor for certain types of internal
battery faults and/or overheating conditions. For example, in battery 150, if a battery
fault occurs or the battery overheats, a local battery monitor within the battery can
send a signal to the disconnect switch assembly 164, commanding the switches 166
and 168 to open, disconnecting the battery 150 from each of the uninterruptible power
supplies 122 and 106. In such an alternative embodiment, faults at other locations in
the system 100 (other than battery-related faults) do not affect the disconnect switch
assemblies. Such an alternative embodiment can be simpler and less costly than

embodiments which include the controller 144.
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[0028] FIG. 2 illustrates two schematics (Schematics A and B) of alternative
arrangements of a disconnect switch assembly connected to a battery in the single
energy storage device illustrated in FIG. 1. Illustrated in Schematic A is disconnect
switch assembly 152 having a first switch 154 and a second switch 156 in electrical
communication with the first battery 146. The first battery 146 includes one positive
electrical terminal 170 and one negative electrical terminal 172, both connected to
corresponding positive and negative connections on the first switch 154 and the
second switch 156. Schematic B is substantially similar to schematic A, except the
first battery 146 includes two pairs of positive electrical terminals 170 and negative
electrical terminals 172. The first switch 154 is in electrical communication with a
first positive electrical terminal 170 and a first negative electrical terminal 172 on the
first battery 146, and the second switch 156 is in electrical communication with a
second positive electrical terminal 170 and a second negative electrical terminal 172
on the first battery 146. In another embodiment, the disconnect switch assembly
includes three or more switches and the battery includes one pair of positive and
negative electric terminals electrically connected to the switch, or the battery includes
three or more pairs of positive and negative electric terminals, each pair electrically
connected to at least one switch. In yet another embodiment, the battery may include
more than one compartment or cell. The electrical terminals of the batteries (cells)
may be connected in series, in parallel, or in some combination of series and parallel
connections between adjacent batteries (cells), depending on the application.

[0029] FIG. 3 is an electrical schematic of the system 100 as discussed above and
illustrated in FIG. 1, except the system 100 illustrated in FIG. 3 shows the first and
second switches of the disconnect switch assemblies in alternative on and off
arrangements (relative to FIG. 1). For example, the controller 144 may indicate that
the second uninterruptable power supply 122 is experiencing a fault condition,
therefore, the controller 144 may switch the second switch in each disconnect switch
assembly to an off state so each second switch is not in electrical communication with
the second uninterruptable power supply 122 (as illustrated in FIG. 3). In FIG. 3, first
switches 154, 160, and 166 remain in an on state (closed connection) and second
switches 156, 162, and 168 are switched to an off state (open connection) by the

controller 144.
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[0030] FIG. 4 is an electrical schematic of the system 100 as discussed above and
illustrated in FIG. 1, except the system 100 illustrated in FIG. 4 shows the first and
second switches of the disconnect switch assemblies in yet another alternative on and
off arrangement (relative to FIG. 1). For example, the controller 144 may indicate
that the first uninterruptable power supply 106 has a fault condition, therefore, the
controller 144 may switch the first switch in each disconnect switch assembly to an
off state so each first switch is not in electrical communication with the first
uninterruptable power supply 106 (as illustrated in FIG. 4). In this second example,
first switches 154, 160, and 166 are switched from an on state to an off state (open
connection) and second switches 156, 162, and 168 remain in an on state (closed
connection) by controller 144.

[0031] FIG. 5 is yet another electrical schematic of the system 100 discussed
above and illustrated in FIG. 1, except the system 100 illustrated in FIG. 5 shows the
first and second switches of the disconnect switch assembly 164 both disconnected
(both in the off state). For example, the controller 144 may have indicated that the
third battery 150 was overheating or experienced another fault condition, therefore,
the controller may have moved the first switch 166 and the second switch 168 of the
third disconnect switch assembly 156 both to the off state (open connection), i.e. not
electrically connected. In another embodiment, the first switch 166 and the second
switch 168 may be manually switched to an off state (open connection) so
maintenance can be performed on the third battery 150 without interrupting power
supply to the load.

[0032] FIG. 6 is a flowchart of an embodiment of a method 200 of controlling the
uninterruptable power supply system and the single energy storage device discussed
above and illustrated in FIGS. 1-5. In step 210 of the method 200, at least one
disconnect switch assembly is controlled to supply backup power from a single
energy storage device to at least two uninterruptable power supplies. In step 220, the
at least two uninterruptable power supplies are controlled to supply input power from
the at least one alternating current feed to at least one of the following: the single
energy storage device and/or a load. In optional step 230, at least one battery in the
single energy storage device is replaced without interrupting the backup power to the

at least two uninterruptable power supplies. In optional step 240, the method further
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includes monitoring of the single energy storage device for fault conditions, and in
optional step 250 the method includes monitoring of the uninterruptable power
supplies for fault conditions.

[0033] Faults or degradation of the system 100 can occur at other points in the
system 100 as well, and the controller 144 can monitor the system 100 and adapt the
switch assemblies accordingly, in accordance with an embodiment. For example, a
fault between the first uninterruptable power supply and the load or a fault between
the second grid alternating current and the second uninterruptable power supply will
cause the controller to electrically disconnect the corresponding switches in the switch
assemblies.

[0034] FIG. 7 is an clectrical schematic of an alternative embodiment of the
system 100 that is substantially similar to the system 100 discussed above and
illustrated in FIG. 1, except the system 100 illustrated in FIG. 7 does not include the
controller 144 and includes additional system components. In the embodiment of
FIG. 7, the disconnect switch assemblies 152, 158, and 164 are triggered by signals
from local battery monitors within the batteries. System 100 illustrated in FIG. 7
includes a first breaker 174 in electrical communication between the first electrical
bus 111 and the first uninterruptable power supply 106 and a second breaker 176 in
electrical communication between the second electrical bus 113 and the second
uninterruptable power supply 122. The breakers are configured to allow the
uninterruptable power supplies to isolate themselves from the corresponding electrical
bus when the uninterruptable power supplies, for example, are faulty or not
performing at a minimum level. The first and second breakers can be mechanical
and/or electro-mechanical in design, including single pole and dual pole breakers that
can move between an on state (closed connection) to an off state (open connection).
[0035] In the illustrated embodiment, the first uninterruptable power supply 106
can disconnect (open connection) the first breaker 174 from the first electrical bus 111
when there is a major fault with the first uninterruptable power supply 106, ¢.g., a
fault with the inverter or the rectifier. The first uninterruptable power supply 106 can
activate the first breaker 174 to reconnect (closed connection) to the first electrical
bus 111 when the fault condition clears or when the system is locally or remotely

reset. For example, the first uninterruptable power supply 106 may control the first
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breaker 174 via an active/non-active signal that controls whether the first breaker 174
is connected (active) or disconnected (non-active) from the first electrical bus 111.
Similarly, the second uninterruptable power supply 122 can disconnect the second
breaker 176 from the second electrical bus 113 when there is an overheating fault with
the second uninterruptable power supply 122, for example. The second
uninterruptable power supply 122 can also activate the second breaker 176 to
reconnect to the second electrical bus 113 when the fault condition clears or when the
system 1is locally or remotely reset. The second uninterruptable power supply 122
may control the second breaker 176 via an active/non-active signal that controls
whether the second breaker 176 is connected or disconnected from the second
electrical bus 113.

[0036] Furthermore, the system 100 illustrated in FIG. 7 includes a transfer load
switch 178 that is in electrical communication between the load 108 and both the first
uninterruptable power supply 106 and the second uninterruptable power supply 122.
The transfer load switch 178 can be an electro-mechanical or electro-static device that
is in electrical communication with a decision support logic controller 180 configured
to monitor the first uninterruptable power supply 106 and the second uninterruptable
power supply 122 and to control operation of the transfer load switch 178. In another
embodiment, the transfer load switch can be a mechanical switch.

[0037] By monitoring the uninterruptable power supplies and controlling
operation of the transfer load switch, the decision support logic controller 180 is
configured to balance the loading of the uninterruptable power supplies. For example,
the controller 180 can select the uninterruptable power supply that has the most
available capacity or may select the uninterruptable power supply that has the best
quality power. In another embodiment, the controller can be configured to select or
balance the uninterruptable power supplies by other parameters, e.g., type of
uninterruptable power supply, type of AC connection and/or cost of electricity from
the AC connection, or the like. In the illustrated embodiment, the transfer load switch
178 includes a first disconnect switch 182 and a second disconnect switch 184 that
may be operatively controlled by the controller 180. For example, in the illustrated
embodiment, the controller 180 may sense that the first uninterruptable power supply

106 is developing a number of minor faults that make the reliability of the power
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supply questionable, therefore, the controller 180 operatively disconnects the first
uninterruptable power supply 106 by opening (disconnecting) the first disconnect
switch 182. Therefore, the second uninterruptable power supply 122 is supplying
power to load 108 through the second disconnect switch 184 shown in a closed
(connected) position. In another embodiment, the system 100 illustrated in FIG. 7
may include more than two uninterruptable power supplies and the uninterruptable
power supplies may be supplying power to more than one load. In yet another
embodiment, there may be more than one transfer load switch and more than one
decision support logic controller and the controller may monitor other components of
the system 100. In another embodiment, the disconnect switches may be single pole
and/or dual pole switches.

[0038] FIG. 8 is an electrical schematic of another embodiment of the system 100
that is similar to the system 100 discussed above and illustrated in FIG. 1, except the
system 100 illustrated in FIG. 8 does not include the controller 144 and includes a
single bus configuration having batteries with disconnect switch assemblies having
one dual pole switch to minimize costs and to maximize design simplicity. For
example, switches 154, 160, and 168 are electrically connected to each battery 146,
148, and 150, respectively, and are in electrical communication with a first electrical
bus 111. The first electrical bus 111 is in electrical communication with the first
uninterruptable power supply 106 and the second uninterruptable power supply 122.
Furthermore, the first uninterruptable power supply 106 is electrically connected to a
first UPS disconnect switch 186, ¢.g., a breaker, and the second uninterruptable power
supply 122 is electrically connected to a second UPS disconnect switch 188, e.g., a
breaker. In one embodiment, the first uninterruptable power supply 106 may
operatively control the first UPS disconnect switch 186 via an active/non-active signal
that controls whether the first UPS disconnect switch 186 is connected (active) or
disconnected (non-active) from the first electrical bus 111. In another embodiment,
the first UPS disconnect switch 186 is a manual switch that is activated by a user of
the system. Similarly, the second uninterruptable power supply 122 may operatively
control the second UPS disconnect switch 188 or it may be manually controlled by the

user of the system. In another embodiment, the system illustrated in FIG. 8 may
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further include a transfer load switch as discussed above, including a decision support
logic controller.

[0039] In the illustrated embodiment, the switch 154 can be selectively controlled
(manually or automatically) to connect or disconnect battery 146 to the first UPS
disconnect switch 186 and the first uninterruptable power supply 106 and/or the
second UPS disconnect switch 188 and the second uninterruptable power supply 122.
In addition, the switch 160 can be selectively controlled to connect or disconnect
battery 148 to the first UPS disconnect switch 186 and the first uninterruptable power
supply 106 and/or the second UPS disconnect switch 188 and the second
uninterruptable power supply 122. The switch 168 can be selectively controlled to
connect or disconnect battery 148 to the first UPS disconnect switch 186 and the first
uninterruptable power supply 106 and/or the second UPS disconnect switch 188 and
the second uninterruptable power supply 122.

[0040] Embodiments of the invention utilize a single energy storage device for
providing electrical power to plural uninterruptable power supplies. In one
embodiment, a system comprises an energy storage device, a switch, a bus, and first
and second uninterruptable power supplies. The switch is controllable to an on state
(establishing an electrical connection) and an off state (establishing an electrical open
condition, i.e., no electrical connection). The switch is operably connected to the bus
between the uninterruptable power supplies and the energy storage device. When the
switch is controlled to the on state, an electrical connection is established between the
energy storage device and the uninterruptable power supplies over the bus. When the
switch is controlled to the off state, there is no electrical connection between the
energy storage device and the uninterruptable power supplies. In another
embodiment, the system further includes a control element (controller, local monitor
device(s), or the like) that is operably connected to the switch, for controlling the
switch to the on state and the off state, depending on a current mode of operation of
the system and/or based on one or more conditions of the system as monitored by the
control element.

[0041] In another embodiment, a system comprises first and second batteries (e.g.,
connected in parallel), first and second switches, a bus, and first and second

uninterruptable power supplies. Each switch is controllable to an on state
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(establishing an electrical connection) and an off state (establishing an electrical open
condition). The first switch is operably connected to the bus between the
uninterruptable power supplies and the first battery. The second switch is operably
connected to the bus between the uninterruptable power supplies and the second
battery. When the first switch is controlled to the on state, an electrical connection is
established between the first battery and the uninterruptable power supplies over the
bus. When the first switch is controlled to the off state, there is no electrical
connection between the first battery and the uninterruptable power supplies.
Similarly, when the second switch is controlled to the on state, an electrical
connection is established between the second battery and the uninterruptable power
supplies over the bus. When the second switch is controlled to the off state, there is
no electrical connection between the second battery and the uninterruptable power
supplies. In another embodiment, the system further includes a control element
(controller, local monitor device(s), or the like) that is operably connected to the first
and second switches, for controlling the switches to the on state and the off state,
depending on a current mode of operation of the system and/or based on one or more
conditions of the system monitored by the control element. In one mode of operation,
both switches are in the on state, and both batteries are electrically connected to the
uninterruptable power supplies. In a second mode of operation, one switch is in the
on state, and the other switch is in the off state; thus, only one of the two batteries is
electrically connected to the uninterruptable power supplies. In a third mode of
operation, both switches are in the off state, and neither battery is electrically
connected to the uninterruptable power supplies. In other embodiments, there are
more than two batteries and more than two switches, with each battery having a
switch associated therewith for controllably electrically connecting and disconnecting
the battery from the bus and uninterruptable power supplies.

[0042] In another embodiment, a system comprises an energy storage device, first
and second switches, first and second buses, and first and second uninterruptable
power supplies. Each switch is controllable to an on state (establishing an electrical
connection) and an off state (establishing an electrical open condition, i.e., no
electrical connection). The first switch is operably connected to the first bus between

the first uninterruptable power supply and the energy storage device. When the first
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switch is controlled to the on state, an electrical connection is established between the
energy storage device and the first uninterruptable power supply over the first bus.
When the first switch is controlled to the off state, there is no electrical connection
between the energy storage device and the first uninterruptable power supply. The
second switch is operably connected to the second bus between the second
uninterruptable power supply and the energy storage device. When the second switch
is controlled to the on state, an electrical connection is established between the energy
storage device and the second uninterruptable power supply over the second bus.
When the second switch is controlled to the off state, there is no electrical connection
between the energy storage device and the second uninterruptable power supply. In
another embodiment, the system further includes a control element (controller, local
monitor device(s), or the like) that is operably connected to the switches, for
controlling the switches to the on state and the off state, depending on a current mode
of operation of the system and/or based on one or more conditions of the system as
monitored by the control element. In one mode of operation, both switches are in the
on state, and the energy storage device is electrically connected to both
uninterruptable power supplies. In a second mode of operation, one switch is in the
on state, and the other switch is in the off state; thus, the energy storage device is
electrically connected to one of the uninterruptable power supplies only. In a third
mode of operation, both switches are in the off state, and the energy storage device is
electrically connected to neither of the uninterruptable power supplies.

[0043] In another embodiment, a system comprises first and second batteries,
first, second, third, and fourth switches, first and second buses, and first and second
uninterruptable power supplies. Each switch is controllable to an on state
(establishing an electrical connection) and an off state (establishing an electrical open
condition, i.e., no electrical connection). The first switch is operably connected to the
first bus between the first uninterruptable power supply and the first battery. When
the first switch is controlled to the on state, an clectrical connection is established
between the first battery and the first uninterruptable power supply over the first bus.
When the first switch is controlled to the off state, there is no electrical connection
between the first battery and the first uninterruptable power supply. The second

switch is operably connected to the second bus between the second uninterruptable
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power supply and the first battery. When the second switch is controlled to the on
state, an electrical connection is established between the first battery and the second
uninterruptable power supply over the second bus. When the second switch is
controlled to the off state, there is no electrical connection between the first battery
and the second uninterruptable power supply. The third switch is operably connected
to the first bus between the first uninterruptable power supply and the second battery.
When the third switch is controlled to the on state, an electrical connection is
established between the second battery and the first uninterruptable power supply
over the first bus. When the third switch is controlled to the off state, there is no
electrical connection between the second battery and the first uninterruptable power
supply. The fourth switch is operably connected to the second bus between the
second uninterruptable power supply and the second battery. When the fourth switch
is controlled to the on state, an electrical connection is established between the second
battery and the second uninterruptable power supply over the second bus. When the
fourth switch is controlled to the off state, there is no electrical connection between
the second battery and the second uninterruptable power supply.

[0044] In another embodiment, the system further includes a control element
(controller, local monitor device(s), or the like) that is operably connected to the
switches, for controlling the switches to the on state and the off state, depending on a
current mode of operation of the system and/or based on one or more conditions of
the system as monitored by the control element. In a first mode of operation (“all on”
mode), all the switches are controlled to the on state, and both batteries are electrically
connected to both uninterruptable power supplies. In a second mode of operation
(“all off” mode), all the switches are controlled to the off state, and neither of the
batteries is electrically connected to the uninterruptable power supplies. In a third
mode of operation (“battery isolation” mode), the first and second switches are
controlled to the on state, and the third and fourth switches are controlled to the off
state. Here, the first battery is electrically connected to both uninterruptable power
supplies, and the second battery is electrically connected to neither. (In a similar
mode of operation, the third and fourth switches are controlled to the on state and the
first and second switches to the off state, for the second battery to be electrically

connected to both uninterruptable power supplies and the first battery to be
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electrically connected to neither.) In a fourth mode of operation (“UPS isolation”
mode), the first and third switches are controlled to the on state, and the second and
fourth switches are controlled to the off state. Here, both batteries are electrically
connected to the first uninterruptable power supply, and neither battery is electrically
connected to the second uninterruptable power supply. Similarly, the second and
fourth switches may be controlled to the on state, and the first and third switches
controlled to the off state. Here, both batteries are electrically connected to the
second uninterruptable power supply, and neither battery is electrically connected to
the first uninterruptable power supply.

[0045] Another embodiment relates to a system comprising first and second
uninterruptable power supplies, first and second busses respectively electrically
connected to the first and second uninterruptable power supplies, first and second
batteries, and first and second disconnect switch assemblies. The first disconnect
switch assembly is operably coupled between the first battery and the first and second
busses, and the second disconnect switch assembly is operably coupled between the
second battery and the first and second busses. (Each assembly may include two
switches.) The first and second disconnect switch assemblies are controllable to: a
first mode of operation where both batteries are electrically connected to both
uninterruptable power supplies; a second mode of operation where neither battery is
electrically connected to the uninterruptable power supplies; a third mode of operation
where one of the batteries is electrically connected to both uninterruptable power
supplies and the other battery is electrically connected to neither uninterruptable
power supply; and a fourth mode of operation where both batteries are electrically
connected to one of the uninterruptable power supplies only and not the other of the
uninterruptable power supplies. In another embodiment, in the third mode of
operation, the other battery (the one not connected to either UPS) is connected to no
UPS’s, and may be electrically isolated. In another embodiment, in the fourth mode
of operation, the UPS that is not electrically connected to either battery is connected
to no batteries or other energy sources, and thereby is electrically isolated at least
from the energy sources/devices.

[0046] Another embodiment relates to a system comprising an energy storage

device and two uninterruptable power supplies switchably coupled to the energy
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storage device via at least one electrical bus. The system further comprises at least
one disconnect switch assembly operably coupled between the energy storage device
and the at least one electrical bus. The at least one disconnect switch assembly is
controllable to different modes of operation. In a first mode of operation of the at
least one disconnect switch assembly, the energy storage device is electrically
connected to neither of the two uninterruptable power supplies. In a second mode of
operation of the at least one disconnect switch assembly, the energy storage device is
electrically connected to both of the two uninterruptable power supplies such that both
uninterruptable power supplies can receive power from all energy storage
parts/components of the energy storage device. In a third mode of operation of the at
least one disconnect switch assembly, the energy storage device is electrically
connected to one of the two uninterruptable power supplies only and not to the other
of the two uninterruptable power supplies. The system may further comprise a
control element that is operably coupled to the at least one disconnect switch
assembly for controlling the at least one disconnect switch assembly to the different
modes of operation, ¢.g., automatically based on monitored operating conditions of
the system, based on a control input, or based on a control scheme established by an
operator.

[0047] In embodiments of the system having plural batteries or other energy
storage elements, even if one of the batteries or other energy storage elements fails,
the system is still able to provide electrical power to both/all uninterruptable power
supplies, e.g., by controlling the switches/disconnect switch assembly(ies) to
electrically isolate the failed energy storage element and electrically connect one or
more of the healthy energy storage elements.

[0048] Although embodiments have been illustrated as the single energy storage
device and disconnect switch assemblies being assembled as a single unit or package,
in other embodiments, such components are not in the same unit or package, ¢.g., the
batteries and disconnect switch assemblies may be separately housed but electrically
connected together, as described above, using suitable wiring/cables.

[0049] In the appended claims, the terms “including” and “having” are used as the
plain language equivalents of the term “comprising”; the term “in which” is

equivalent to “wherein.” Moreover, in the following claims, the terms “first,”
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“second,” “third,” “upper,” “lower,” “bottom,” “top,” etc. are used merely as labels,
and are not intended to impose numerical or positional requirements on their objects.
Further, the limitations of the following claims are not written in means-plus-function
format and are not intended to be interpreted based on 35 U.S.C. § 112, sixth
paragraph, unless and until such claim limitations expressly use the phrase “means
for” followed by a statement of function void of further structure. As used herein, an
element or step recited in the singular and proceeded with the word “a” or “an” should
be understood as not excluding plural of said elements or steps, unless such exclusion
is explicitly stated. Furthermore, references to “one embodiment” of the present
invention are not intended to be interpreted as excluding the existence of additional
embodiments that also incorporate the recited features. Moreover, unless explicitly
stated to the contrary, embodiments “comprising,” “including,” or “having” an
element or a plurality of elements having a particular property may include additional
such elements not having that property. Moreover, certain embodiments may be
shown as having like or similar elements, however, this is merely for illustration
purposes, and such embodiments need not necessarily have the same elements unless
specified in the claims.

[0050] As used herein, the terms “may” and “may be” indicate a possibility of an
occurrence within a set of circumstances; a possession of a specified property,
characteristic or function; and/or qualify another verb by expressing one or more of an
ability, capability, or possibility associated with the qualified verb. Accordingly,
usage of “may” and “may be” indicates that a modified term is apparently appropriate,
capable, or suitable for an indicated capacity, function, or usage, while taking into
account that in some circumstances the modified term may sometimes not be
appropriate, capable, or suitable. For example, in some circumstances an event or
capacity can be expected, while in other circumstances the event or capacity cannot
occur — this distinction is captured by the terms “may” and “may be.”

[0051] This written description uses examples to disclose the invention, including
the best mode, and also to enable one of ordinary skill in the art to practice the
invention, including making and using any devices or systems and performing any

incorporated methods. The patentable scope of the invention is defined by the claims,

and may include other examples that occur to those skilled in the art. Such other
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examples are intended to be within the scope of the claims if they have structural
clements that do not differentiate from the literal language of the claims, or if they
include equivalent structural elements with insubstantial differences from the literal

language of the claims.
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CLAIMS

What is claimed is:

1. A system, comprising:

a single energy storage device;

a first uninterruptable power supply switchably coupled to the single energy
storage device via a first electrical bus; and

at least one second uninterruptable power supply switchably coupled to the

single energy storage device via at least one second electrical bus.

2. The system according to claim 1, further comprising at least one disconnect
switch assembly that includes at least two switches including a first switch coupled to
the first uninterruptable power supply via the first electrical bus, and a second switch
coupled to the at least one second uninterruptable power supply via the at least one
second electrical bus, and each switch having an on state and an off state to enable the
single energy storage device to electrically communicate with a respective

uninterruptable power supply when the switch is in the on state.

3. The system according to claim 2, wherein the at least one disconnect switch

assembly is operatively connected and external to the single energy storage device.

4. The system according to claim 2, wherein the at least one disconnect switch

assembly is operatively connected and internal to the single energy storage device.

5. The system according to claim 1, wherein the single energy storage device

is a single assembled package.

6. The system according to claim 1, wherein the single energy storage device
includes at least two battery cells configured to supply a voltage requirement of the

first uninterruptable power supply and the at least one second uninterruptable power

supply.

22



WO 2013/062815 PCT/US2012/060474

7. The system according to claim 1, wherein the single energy storage device
includes at least two batteries in parallel, and wherein the at least two batteries are

electro-chemical energy storage elements.

8. The system according to claim 1, wherein the single energy storage device
includes at least one of at least two electro-mechanical energy storage elements in

parallel or at least two electro-static energy storage elements in parallel.

9. The system according to claim 2, wherein each of the first switch and the

second switch are two-pole switches.

10. The system according to claim 2, wherein the switches of the at least one
disconnect switch assembly are at least one of contact switches, motor actuated

switches, motor actuated breakers, or circuit breakers.

11. The system according to claim 1, further comprising at least one grid
alternating current feed connectable to the first uninterruptible power supply and the

at least one second uninterruptable power supply.

12.  The system according to claim 2, further comprising a controller
configured to control the at least one disconnect switch assembly and switching of the
at least two switches of the at least one disconnect switch assembly to the on and off

states.

13. The system according to claim 12, wherein the controller is further
configured to monitor the system for detection of an operating event and control the at

least one disconnect switch assembly in response to said monitoring.

14. The system according to claim 12, wherein the controller is further
configured to monitor the system for detection of an operating event comprising at
least one of a source fault of the single energy storage device or an overheating

condition of the single energy storage device.
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15. The system according to claim 12, wherein the controller is further
configured to monitor the system for detection of an operating event comprising at
least one of an uninterruptable power supply fault, an overheating uninterruptable

power supply, or a supply voltage fault.

16. The system according to claim 12, wherein the controller is further
configured to monitor the system for detection of an operating event, including at

least a disconnect switch assembly fault.

17. The system according to claim 12, wherein the controller is further
configured to control the at least one disconnect switch assembly in response to a

manual command.

18. The system according to claim 12, wherein the controller is further
configured to control whether the switches of the at least one disconnect switch
assembly are in one of an on state or an off state between the single energy storage
device and at least one of the first uninterruptable power supply or the at least one

second uninterruptable power supply.

19. The system according to claim 2, wherein the single energy storage device
includes at least one local monitor device configured to detect at least one of a source
fault or an overheating condition of said single energy storage device, and wherein the
at least one local monitor device is further configured to disconnect at least a portion
of the single energy storage device from at least one of the electrical buses via the at
least one disconnect switch assembly in response to detecting said at least one of the

source fault or the overheating condition.

20. The system according to claim 1, further comprising a first breaker
electrically coupled between the first electrical bus and the first uninterruptable power
supply and a second breaker electrically coupled between the at least one second

electrical bus and the at least one second uninterruptable power supply, wherein the
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first uninterruptable power supply is configured to control the first breaker and the at
least one second uninterruptable power supply is configured to control the second

breaker.

21. The system according to claim 1, further comprising a transfer load switch
electrically coupled between at least one load and at least the first uninterruptable

power supply and the at least one second uninterruptable power supply.

22. The system according to claim 21, further comprising a controller that
monitors at least one of the first uninterruptable power supply, the at least one second
uninterruptable power supply, or the transfer load switch, wherein the controller
controls the transfer load switch to electrically connect at least one of the first
uninterruptable power supply or the at least one second uninterruptable power supply

to the load.

23. A system, comprising:

a single energy storage device; and

a first uninterruptable power supply and at least one second uninterruptable
power supply switchably coupled to the single energy storage device via a first

electrical bus.

24. The system according to claim 23, further comprising at least one
disconnect switch assembly that includes a switch coupled to the first uninterruptable
power supply and to the at least one second uninterruptable power supply via the first
electrical bus, and said switch having an on state and an off state to enable the single
energy storage device to electrically communicate with the first uninterruptable power
supply and the at least one second uninterruptable power supply when the switch in

the on state.
25. The system according to claim 24, wherein the at least one disconnect

switch assembly is operatively connected and external to the single energy storage

device.
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26. The system according to claim 24, wherein the at least one disconnect
switch assembly is operatively connected and internal to the single energy storage

device.

27. The system according to claim 24, further comprising a controller

configured to control switching of the switch between the on state and the off state.

28. The system according to claim 24, wherein the single energy storage
device includes at least one local monitor device configured to detect at least one of a
source fault or an overheating condition of said single energy storage device, and
wherein the at least one local monitor device is further configured to disconnect at
least a portion of the single energy storage device from the first electrical bus via the
at least one disconnect switch assembly in response to detecting said at least one of

the source fault or the overheating condition.

29. A method comprising:

controlling at least one disconnect switch assembly to supply backup power
from a single energy storage device to at least two uninterruptable power supplies,
including a first uninterruptable power supply and a second uninterruptable power

supply, over at least two electrical buses.

30. The method according to claim 29, further comprising replacing at least
one battery in the single energy storage device, wherein the at least one battery is
replaced without interrupting the backup power to the at least two uninterruptable

power supplies.

31. The method according to claim 29, further comprising monitoring at least

the single energy storage device for fault conditions.

32. The method according to claim 29, further comprising monitoring at least

the at least two uninterruptable power supplies for fault conditions.
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33. The method according to claim 29, further comprising:

in a first mode of operation, switching the at least one disconnect switch
assembly to connect the single energy storage device only to the first uninterruptable
power supply; and

in a second mode of operation, switching the at least one disconnect switch
assembly to connect the single energy storage device only to the second

uninterruptable power supply.

34. The method according to claim 29, further comprising, in a third mode of
operation, switching the at least one disconnect switch assembly to connect the single
energy storage device to both the first uninterruptable power supply and the second

uninterruptable power supply.

35. The method according to claim 29, further comprising responding to a
battery fault of the single energy storage device by disconnecting at least one of the at
least one disconnect switch assembly from at least one of the at least two electrical

buses.
36. The method according to claim 29, further comprising controlling the at

least two uninterruptable power supplies to supply input power from at least one

alternating current feed to at least one of the single energy storage device or a load.

27



WO 2013/062815 ’g jg PCT/US2012/060474

108

100

116

\

/J

06

}_ 110
104

~ S

102

FiG. 1



PCT/US2012/060474

2/8

WO 2013/062815

VGl

vt

cil

< 9l
g OBLUSHIS
L
A PR 720
-
8Lt
Gt
¥&i

Y OBBLUSHIG

+_OLL




122

30

WO 2013/062815

100

108

3/8

/1’!4

113

i24

|

118

120

144

116

!

10

B

~
| .

102

PCT/US2012/060474

FiG. 3



WO 2013/062815 4 ,’8 PCT/US2012/060474

108

100

114

/;4
el
156 R\
16045g
L%
162
FiG. 4

113
164
168\&/
P
166
{
10

111

124
50

E?
%
=

120

102

113

144



PCT/US2012/060474

5/8

WO 2013/062815

80

G601

31
g1 20t GLl

N/

05t
w» w 9t \\v i

wﬁ‘// rAsH &
/ \M 891
]
o

et QL

S

et get



PCT/US2012/060474

6/6

WO 2013/062815

9 "D

{reuondo) \\

sayddns
Jsmod aigeidniusiuiun syl Wi SUDIpUOD 1ne; Jo) BULIOHUOK

0ae

A

‘aoinap ABisus aiBuis aul Ul SUDIPUCD 1e; 10} BULICHUOK

{jeuopdo) \\\

Gve

A

samod dryoeg Bugdniseiu inouum
aownap abeiois ADsus aibuis syl ut Aleneg suo 18831 1B aoeidsyy

(pruondo) \\\\

0&e

N

{jeuoudo} \\\
o

"PEC 8L J0/pur aninap aleiois Alisua
aibuIs aUl 1588] 1B 0] oo} 1Y JU0 1SES] 1B syl wol jemod indus
Aiddns 01 seyddns semod sigeidnusiuun oMl 1588 18 BUijoAU0D

s

e

‘8,540 OMI 1SES] 1B 01 801aep Alisus 918w v wiod) Jemod dmoeg

Addngs 01 AIQUWISSSE YoUMS 108ULICOSID BUC 1S8a) 1B Buijoluon

Oic

002



PCT/US2012/060474

718

WO 2013/062815

081 L O
1\
901 Y
N/ 991
e A a5t
\..1\\\\
— ped
B4 oL 281
AL T
851 avL
\!,.\\\
u ]
/ / \y;
\\ FiN \\K A % A gbt
\.\.(\\\
) o0 -
A \
$11 2 ﬂ/

) 001




WO 2013/062815

122

188

6/8

PCT/US2012/060474

186

108
l/~./

111

FiG. 8

142

154

163

100

e
/‘../

146

P

148

/../

150



INTERNATIONAL SEARCH REPORT

International application No

PCT/US2012/060474

A. CLASSIFICATION OF SUBJECT MATTER

INV. HO02J9/06
ADD.

According to International Patent Classification (IPC) or to both national classification and IPC

B. FIELDS SEARCHED

HO2J

Minimum documentation searched (classification system followed by classification symbols)

Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched

EPO-Internal, WPI Data

Electronic data base consulted during the international search (name of data base and, where practicable, search terms used)

C. DOCUMENTS CONSIDERED TO BE RELEVANT

Category™

Citation of document, with indication, where appropriate, of the relevant passages

Relevant to claim No.

figure 1

figures 7,8,10,11

figures 7,8,11

X WO 2011/033820 Al (TOSHIBA MITSUBISHI ELEC
INC [JP]; NAKANO TOSHIHIDE [JP]; SANADA
KAZUNO) 24 March 2011 (2011-03-24)

X,P & US 2012/086269 Al (NAKANO TOSHIHIDE [JP]
ET AL) 12 April 2012 (2012-04-12)

X CN 101 834 467 A (EMERSON NETWORK POWER CO 1-36
LTD) 15 September 2010 (2010-09-15)

1,23,29

1,23,29

D Further documents are listed in the continuation of Box C.

See patent family annex.

* Special categories of cited documents :

"A" document defining the general state of the art which is not considered
to be of particular relevance

"E" earlier application or patent but published on or after the international
filing date

"L" document which may throw doubts on priority claim(s) or which is
cited to establish the publication date of another citation or other
special reason (as specified)

"O" document referring to an oral disclosure, use, exhibition or other
means

"P" document published prior to the international filing date but later than
the priority date claimed

"T" later document published after the international filing date or priority
date and not in conflict with the application but cited to understand
the principle or theory underlying the invention

"X" document of particular relevance; the claimed invention cannot be
considered novel or cannot be considered to involve an inventive
step when the document is taken alone

"Y" document of particular relevance; the claimed invention cannot be
considered to involve an inventive step when the document is
combined with one or more other such documents, such combination
being obvious to a person skilled in the art

"&" document member of the same patent family

Date of the actual completion of the international search

6 March 2013

Date of mailing of the international search report

14/03/2013

Name and mailing address of the ISA/

European Patent Office, P.B. 5818 Patentlaan 2
NL - 2280 HV Rijswijk

Tel. (+31-70) 340-2040,

Fax: (+31-70) 340-3016

Authorized officer

Bergler, Christian

Form PCT/ISA/210 (second sheet) (April 2005)




INTERNATIONAL SEARCH REPORT

Information on patent family members

International application No

PCT/US2012/060474
Patent document Publication Patent family Publication
cited in search report date member(s) date
CN 101834467 A 15-09-2010  NONE
WO 2011033820 Al 24-03-2011 CA 2774063 Al 24-03-2011
CN 102484393 A 30-05-2012
KR 20120038004 A 20-04-2012
US 2012086269 Al 12-04-2012
WO 2011033820 Al 24-03-2011

Form PCT/ISA/210 (patent family annex) (April 2005)




	Page 1 - front-page
	Page 2 - description
	Page 3 - description
	Page 4 - description
	Page 5 - description
	Page 6 - description
	Page 7 - description
	Page 8 - description
	Page 9 - description
	Page 10 - description
	Page 11 - description
	Page 12 - description
	Page 13 - description
	Page 14 - description
	Page 15 - description
	Page 16 - description
	Page 17 - description
	Page 18 - description
	Page 19 - description
	Page 20 - description
	Page 21 - description
	Page 22 - description
	Page 23 - claims
	Page 24 - claims
	Page 25 - claims
	Page 26 - claims
	Page 27 - claims
	Page 28 - claims
	Page 29 - drawings
	Page 30 - drawings
	Page 31 - drawings
	Page 32 - drawings
	Page 33 - drawings
	Page 34 - drawings
	Page 35 - drawings
	Page 36 - drawings
	Page 37 - wo-search-report
	Page 38 - wo-search-report

