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(57) Abstract: Electric power devices and control methods are provided which automatically select a line voltage or phase voltage of an
ACvoltage supply. The electric power device includes a switchable circuit, a sensor and a switch control. The switchable circuit connects
to the AC voltage supply, and includes multiple switchable elements. The sensor ascertains a voltage level of the AC voltage supply,
and the switch control automatically establishes a configuration of the switchable circuit through control of the multiple switchable
elements. The switch control couples the electric power device in a line-line (delta) contiguration to the AC voltage supply when the
voltage level is in a first voltage range, and a line-neutral (wye) configuration when the voltage level is in a second voltage range.
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ELECTRIC POWER DEVICES WITH AUTOMATICALLY
ESTABLISHED INPUT VOLTAGE CONNECTION CONFIGURATION

BACKGROUND

[0001] The utility power specifications for different countries and/or regions of the world
can vary. For instance, supplied power in the U.S., Japan, and other countries typically falls
within a low-voltage range of, for instance, 200-208 V, and supplied power in Europe, as well
as certain other regions of the world, often falls within a high-voltage range of 380-415 V.
Thus, computers, servers, data centers, etc., in different countries or regions of the world may
have different source voltages, and therefore may need to be configured differently for the
particular country or region within which they are used. This increases complexity of product
manufacture and distribution, as well as requires that an appropriate electric power device be
used in the appropriate location. Should a change occur, for instance, should a computer or
data center be relocated, then the utility power specification at the new location may require a
change to the electric power device. For instance, different electric power devices may be
manufactured for use in different geographic locations in view of the different utility power
specifications of the locations, and it may be necessary to purchase or substitute a new electric
power device (e.g., converter) to comply with a new utility power specification as a result of a

product relocation.

SUMMARY

[0002] The shortcomings of the prior art are overcome and additional advantages are
provided through the provision, in one aspect, of an electric power device which includes a
switchable circuit, a sensor, and a switch control. The switchable circuit is to connect to an AC
voltage supply, and includes multiple switchable elements. The sensor is to ascertain a voltage
level of the AC voltage supply, and the switch control is to automatically establish a
configuration of the switchable circuit based on the voltage level of the AC voltage supply, the
switch control coupling the electric power device in a line-line (de/fa) configuration to the AC
voltage supply when the voltage level is in a first voltage range, and a line-neutral (wye)

configuration when the voltage level is in a second voltage range.
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[0003] Advantageously, in one or more aspects, the electric power device, control method
and computer program product provided herein incorporate a coupling connection facility
which automatically establishes an input voltage coupling configuration. In particular, by
initially ascertaining an input voltage level of an AC voltage supply, the switch control
automatically establishes a configuration of the switchable circuit based on the voltage level of
the AC voltage supply to connect the electric power device in a line-line (delfa) configuration
to the AC voltage supply when the voltage level is in a first voltage range, or a line-neutral
(wye) configuration when the voltage level is in a second voltage range. In one or more
embodiments, the electric power device may include a reconfigurable bridge rectifier which
includes the switchable circuit, and in one or more other embodiments, the electric power
device may be or include a power distribution unit. Advantageously, the automatic coupling
configuration facility disclosed enables the use of a common, low-cost 200 — 240 V boost
topology power supply. Further, the electric power devices disclosed may be employed
worldwide, without external jumpers, switches, etc., to customize the connection of the device

to the local voltage supply.

[0004] Few additional components are required to implement the automatic connection
configuration facility, with the additional components or changes being small and at a low cost.
Very little additional power loss is added by the facility disclosed herein. In one or more
aspects, the automatic coupling configuration facility is particularly beneficial for IT equipment
in the 3 — 5 kW or above range. Further, when implemented as a three-phase power supply,
balanced three-phase power is obtained, which provides better line cord utilization. Further, the
risk of hardware damage due to input overvoltage, such as using the wrong electric power

device in the wrong country or region of the world, is eliminated.

[0005] In one or more implementations, the electric power device may further include a
reconfigurable bridge rectifier to connect to the AC voltage supply, with the reconfigurable
bridge rectifier including the switchable circuit. In one or more embodiments, the multiple
switchable elements of the switchable circuit may include multiple silicon-controlled rectifiers,
and the switch control may automatically enable or disable one or more silicon-controlled
rectifiers of the multiple silicon-controlled rectifiers to couple the electric power device in the

line-line (delta) configuration or the line-neutral (wye) configuration, dependent on the voltage
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level of the AC voltage supply. More particularly, in one or more implementations, the
reconfigurable bridge rectifier may include multiple diodes connected in-series, with one phase
input of the AC voltage supply being connected to the reconfigurable bridge rectifier between
two diodes of the multiple diodes connected in-series, and wherein at least two silicon-
controlled rectifiers of the multiple silicon-controlled rectifiers may be connected in-series,
with another phase input of the AC voltage supply being connected to the reconfigurable bridge

rectifier between the silicon-controlled rectifiers of the at least two silicon-controlled rectifiers.

[0006] In one or more embodiments, the AC voltage supply may include multiple phase
lines and a neutral line, and the electric power device may be a single-phase power supply. In
one or more other embodiments, the AC voltage supply may be a three-phase voltage supply,
and the electric power device may be a three-phase power supply, with each phase of the three-
phase power supply being connectable by the switch control for line-line operation or line-

neutral operation.

[0007] In one or more embodiments, the electric power device includes a three-phase power
distribution unit, where the AC voltage supply is a three-phase voltage supply, and the three-
phase power distribution unit includes multiple outlet connectors which facilitate connecting
multiple single-phase power supplies to the three-phase power distribution unit. By way of
example, the multiple switchable elements of the three-phase power distribution unit may
include multiple triacs gated by the switch control, the multiple triacs being connected between
the three-phase voltage supply and the multiple outlet connectors. As a further example, the
multiple switchable elements may include multiple relays activated by the switch control, with
the multiple relays being connected between the three-phase voltage supply and the multiple

outlet connectors.

[0008] In one or more implementations, the first voltage range is a low-voltage range, and
the second voltage range is a high-voltage range, with the low-voltage range being a lower
voltage range than the high-voltage range. By way of example, the low-voltage range may be

or include 200 — 208 V, and the high-voltage range may be or include 380 — 415 V.
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[0009] Methods and computer program products relating to one or more aspects are also

described and claimed herein.

[0010] Additional features and advantages are realized through the techniques of the
present invention. Other embodiments and aspects of the invention are described in detail

herein and are considered a part of the claimed invention.

BRIEF DESCRIPTION OF THE DRAWINGS

[0011] One or more aspects of the present invention are particularly pointed out and
distinctly claimed as examples in the claims at the conclusion of the specification. The
foregoing and other objects, features, and advantages of the invention are apparent from the

following detailed description taken in conjunction with the accompanying drawings in which:

FIG. 1A is a schematic of one embodiment of a circuit which includes an AC voltage supply to
which multiple power supplies connect in a line-line (or delta) configuration;

FIG. 1B is a schematic of one embodiment of a circuit which includes an AC voltage supply to
which multiple power supplies connect in a line-neutral (or wye) configuration,

FIG. 2 is a cross-sectional elevational view of one embodiment of an electronics or IT rack
which may include one or more electric power devices, in accordance with one or more aspects
of the present invention;

FIG. 3 depicts one embodiment of a single-phase power supply with a bridge rectifier coupling
the single-phase power supply to an AC voltage supply, and which is to be modified in
accordance with one or more aspects of the present invention;

FIG. 4 depicts one embodiment of an electric power device to connect to an AC voltage supply,
and which is configured as a single-phase power supply unit, in accordance with one or more
aspects of the present invention;

FIG. 5 depicts one embodiment of an electric power device to connect to a three-phase AC
voltage supply, and which is configured as a three-phase power supply unit, in accordance with
one or more aspects of the present invention;

FIG. 6 is a schematic illustrating one embodiment of an electric power device configured as a

power distribution unit, which is to connect to a three-phase AC voltage supply, and which
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illustrates (by way of example) the use of different types of switchable circuits, in accordance
with one or more aspects of the present invention; and

FIG. 7 depicts one embodiment of a computing system which may implement one or more of
the sensing and control aspects of an electric power device, in accordance with one or more

aspects of the present invention.

DETAILED DESCRIPTION

[0012] Electric power devices, such as AC/DC power supplies and power distribution units
(PDUs), need to operate based on available worldwide voltage ranges. Countries or regions of
the world may generally be grouped into two line voltage ranges, with some countries falling
within a low-voltage range of, for instance, 200 — 208 V, and others in a high-voltage range of,
for instance, 380-415 V. By comparison, most power supplies, such as, for computers, servers,
data centers, etc., utilize an input voltage supply in the range of 200-240 V. With an AC line
voltage or input voltage in the low-voltage range, the electric power devices may connect in
line-line (delta) configuration to draw line voltages from the supply, such as depicted in FIG.

1A

[0013] In particular, FIG. 1A illustrates one embodiment of an electric power circuit 100
with an input supply or AC voltage supply 101 having a line voltage in the low-voltage range of
200 — 208 V, and showing three separate power supplies 102 connected in line-line
configuration, with one power supply being fed by a connection across lines A-B, another
across lines B-C, and a third across lines A-C, as illustrated. The three-phase, line-line (delta)
wire configuration depicted in FIG. 1A may typically be provided by building wiring for single-
phase systems. However, power products above 3-5 kW are typically three-phase systems, and
the product itself needs to provide the correct line-line (or line-neutral (wye)) input to the

supplies.

[0014] FIG. 1B depicts one embodiment of an electric power circuit 100' connected for a
high-voltage range country, where the power supplies 102 are connected to the input supply
101" in line-neutral (wye) configuration. In this configuration, each power supply 102 of the

electric power circuit 100' is connected across one of line A-neutral, line B-neutral, or line C-
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neutral, with the resultant phase voltage being equal to the line voltage (i.e., the line-line
voltage) divided by the square root of 3, and so the power supply 102 input would be in the
range of 220-240 V, that is, assuming a line voltage in the 380 — 415 range. Again, for power
distribution components, devices in the range of 3-5 kW or less may employ single-phase
power, and building wiring may provide the correct AC line voltage. For systems in the 3-5
kW range or larger, a three-phase voltage supply may be used, and either a line-line (de/fa)
configuration or line-neutral (wye) configuration would be required for connecting the electric

power device to the supply.

[0015] As one application, the electric power device may be a power supply for an IT or
electronics rack of, for instance, a data center. In another embodiment, the electric power
device may be or include a power distribution unit of, for instance, an IT or electronics rack of
a data center, and which may supply one or more power supplies within individual computers,
subsystems, servers, drawers, blades, etc., of the rack. One embodiment of an electronics rack,

generally denoted 200, is depicted in FIG. 2 by way of example.

[0016] In the embodiment shown, electronics rack 200 includes a plurality of electronics
subsystems 201, which (in one embodiment) may be air-cooled by cool air 202 ingressing via
louvered air inlet door 210, and exhausting out louvered air outlet door 211 as hot air 203.
Electronics rack 200 also includes at least one bulk power assembly 204, which may include
one or more power distribution units such as disclosed herein. One or more electronic
subsystems 201 include, in one example, one or more processors, associated memory,
input/output adapters, disk storage devices, and (in one or more embodiments) power supplies.
Also illustrated in FIG. 2, the rack may include an I/O and disk expansion subsystem 205,
which may have, in one detailed example, PCle card slots and disk drivers for one or more

electronic subsystems of the electronics rack.

[0017] In this rack example, a three-phase AC source feeds power via an AC power or line
cord 206 to bulk power assembly 204, which may divide the supplied AC power at an
appropriate power level for output via distribution cables 207 to the plurality of electronics
subsystems 201. AC power cord 206 may supply, in one example, three phases for

international 415 Vrums, and may have a current limit rating of, for example, 100 amps. The
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number of electronic subsystems 201 installed in the electronics rack is variable and depends on

customer needs.

[0018] One common solution for electronics racks to be operated in different parts of the
world is to source two different power supplies and/or two different power distribution units
(PDUs). As an example, with this solution, a power distribution unit would typically be factory
configured or selected for the appropriate system supply voltage dependent on geography.
Moving a system to a different geographic location supplied by a different supply voltage (in
the other of the low-voltage range or high-voltage range) may be difficult. With this approach,
costs increase due to the increased number of device parts, each with reduced volumes.
Damage can occur if the wrong PDU is used in association with the currently available input

voltage range.

[0019] Another solution would be to manually superimpose switches or jumpers on the
power distribution unit. Unfortunately, such an approach could result in a misconfiguration,

again resulting in damage to the device.

[0020] A further approach would be to employ wide-range (200-415 V) power supplies
which always operate line-line (delta). The Vienna rectifier is a three-phase supply that can
support this input range. Three single-phase rectifiers could also be used. The buck+ boost and
certain boost regulators can support this input range. The disadvantage to this solution is that
larger-sized devices are required, resulting in a decreased efficiency, additional complexity, and

increased costs.

[0021] In view of the above, disclosed herein (in one or more aspects) is an electric power
device and method for automatically establishing an electric power device’s coupling
configuration to the AC voltage supply as required based on, for instance, a sensed input
voltage, such as a line voltage of the AC voltage supply. By way of example, in one or more
embodiments, the electric power device may be a power supply, and the automatically
configuring may be performed in association with a bridge rectifier of the power supply. The
bridge rectifier may be automatically configured for line-line or line-neutral operation, as

required based on the sensed input voltage. For instance, the power supply may operate from a
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line-line (delta) configuration for a low-voltage range input voltage, and a line-neutral (wye)
configuration for a high-voltage range input voltage. Advantageously, the solution disclosed
herein enables the use of common, low-cost, 200-240 V boost topology supplies. A single
worldwide part number is achieved, without the use of any external jumpers, switches, etc.
Also, few additional components are added, so there is little effect on the total size or cost of
the power device. In addition, any power losses due to the added circuitry are advantageously

minor.

[0022] Generally stated, disclosed herein are electric power devices, methods, and
computer program products, which facilitate automatically establishing a configuration of a
switchable circuit to couple the electric power device to an AC voltage supply. For instance, an
electric power device is provided which includes a switchable circuit, a sensor, and a switch
control. The switchable circuit is to connect to the AC voltage supply, and includes multiple
switchable elements. The sensor is to ascertain a voltage level of the AC voltage supply, and
the switch control automatically establishes a configuration of the switchable circuit based on
the voltage level of the AC voltage supply. The switch control couples the electric power
device in a line-line (delfa) configuration to the AC voltage supply when the voltage level is in
a first voltage range, and a line-neutral (wye) configuration to the AC voltage supply when the

voltage level is in a second voltage range.

[0023] In one or more embodiments, the electric power device includes a reconfigurable
bridge rectifier to connect to the AC voltage supply. The reconfigurable bridge rectifier
includes the switchable circuit. By way of example, the multiple switchable elements of the
switchable circuit may include multiple silicon-controlled rectifiers. In such a case, the switch
control automatically enables or disables one or more silicon-controlled rectifiers of the
multiple silicon-controlled rectifiers to couple the electric power device in the line-line (delta)
configuration or the line-neutral (wye) configuration, dependent on the voltage level of the AC

voltage supply.

[0024] In one or more embodiments, the reconfigurable bridge rectifier may include
multiple diodes connected in-series, with one phase input of the AC voltage supply being

connected to the reconfigurable bridge rectifier between two diodes of the multiple diodes
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connected in-series, and at least two silicon-controlled rectifiers of the multiple silicon-
controlled rectifiers may be connected in-series, with another phase input of the AC voltage
supply being connected to the reconfigurable bridge rectifier between silicon-controlled

rectifiers of the at least two silicon-controlled rectifiers.

[0025] By way of example, the AC voltage supply may include multiple phase lines, and a
neutral line, and the electric power device may be a single-phase power supply. In one or more
other embodiments, the AC voltage supply may be a three-phase voltage supply, and the
electric power device may be a three-phase power supply. In such cases, each phase of the
three-phase power supply is connectable line-line or line-neutral by the switch control

controlling the multiple switchable elements.

[0026] In one or more embodiments, the electric power device is a three-phase power
distribution unit, the AC voltage supply is a three-phase voltage supply, and the three-phase
power distribution unit includes multiple outlets, or outlet connectors, which facilitate

connecting multiple single-phase power supplies to the three-phase power distribution unit.

[0027] In one or more embodiments, the multiple switchable elements may include multiple
triacs gated by the switch control. The multiple triacs may be connected between the input,
three-phase voltage supply and the multiple outlet connectors. In one or more other
embodiments, the multiple switchable elements may include multiple relays activated by the
switch control. The multiple relays may be connected between the input, three-phase voltage

supply and the multiple outlet connectors.

[0028] By way of example, the first voltage range may be a low-voltage range, and the
second voltage range may be a high-voltage range, with the low-voltage range being lower than
the high-voltage range. For instance, the low-voltage range may be, or may include, 200 — 208

V, and the high-voltage range may be, or may include, 380 — 415 V.

[0029] As a reference, FIG. 3 depicts one embodiment of a typical power supply 300 which
includes connections 301 to an AC voltage supply which includes a phase A connection, and a

phase B or a neutral connection, dependent on the implementation. In addition to single-phase
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power supply circuitry 302, power supply 300 includes a bridge rectifier 310, which includes
(in the depicted embodiment) four diodes 311 in a bridge circuit configuration to provide the
same output polarity for either input polarity voltage signal, to facilitate converting an

alternating current (AC) input to a direct current (DC) output.

[0030] In comparison, FIG. 4 depicts one embodiment of an electrical power device 400
configured as a single-phase power supply, in accordance with one or more aspects of the
present invention. In this embodiment, three connections or wires 401, including phase A,
phase B, and neutral of the AC voltage supply, are connected to the electric power device 400.
In addition to single-phase power supply circuitry 402, electric power device 400 includes a
reconfigurable bridge rectifier 410, as well as a voltage sensor and switch control 404. As
illustrated, along with multiple series-connected diodes 411, the reconfigurable bridge rectifier
410 includes multiple silicon-controlled rectifiers 412, 412', configured as two different sub-
circuits, one switched in for a line-line (de/fa) configuration connection, and the other switched

in for a line-neutral (wye) connection configuration.

[0031] As explained, in one or more embodiments, a voltage level of the AC voltage supply
on lines 401 is sensed to determine whether the voltage level is within a first voltage range or a
second voltage range. In one or more embodiments, the voltage level sensed may be a line
voltage of the AC voltage supply. Dependent on the sensed voltage level, the switch control
404 gates the silicon-controlled rectifiers 412, 412' to fire as appropriate to configure the power
supply for either line-line operation or line-neutral operation. As noted, in one or more
embodiments, line-line operation may be employed for a low-voltage range input supply, for
instance, in the range of 200 — 208 V, and line-neutral operation may be employed for a high-

voltage range input, for instance, in the range of 380 — 415 V.

[0032] Another embodiment of an electric power device 500 (in accordance with one or
more aspects of the present invention) is depicted in FIG. 5, where the electric power device is,
by way of example, a three-phase power supply which repeats in each of the phases the
circuitry 405 of the single-phase power supply of FIG. 4. In this example, the three-phase
power supply 500 is coupled to a three-phase voltage supply 501, which includes phase A,

phase B, phase C, and neutral. In the embodiment depicted, each circuitry 405 is connected to
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be configurable using a different line voltage and the neutral connection, with one circuit 405
being connected to phase A, phase B, and neutral, another connected to phase B, phase C,
and neutral, and further connected to phase C, phase A, and neutral, as shown. The phases
wired to the converters or bridge rectifiers are staggered to provide equal current on each phase.
In this embodiment, each single-phase bridge rectifier 410 (or converter) may be configured
with silicon-controlled rectifiers 412, 412' controlled by voltage sensor and switch control 404,
as described above in connection with FIG. 4. The output of each circuitry 405 may be to a

common output voltage bus 510.

[0033] By way of further example, FIG. 6 depicts an additional embodiment of an electric
power device 600, in accordance with one or more aspects of the present invention. In this
embodiment, electric power device 600 is configured as a power distribution unit, such as
might be used for an electronics or IT rack of a data center. As in the electric power device
embodiment of FIG. 5, phase A, phase B, phase C, and neutral connections 601 of or to a
three-phase voltage supply are provided, and each phase is shown to include multiple outlet
connectors for single-phase power supply 602. In the example shown, each phase has four
outlet connectors, for a total of twelve outlet connectors being provided by the power
distribution unit to supply, for instance, twelve distinct, single-phase power supplies 603, which
may be located remote to the power distribution unit (for instance, within individual subsystems
of the electronics or IT rack). Any number of connectors may be provided by the power
distribution unit. In another embodiment, three connectors per phase may be provided, for a

total of nine outlet connectors powering nine distinct power supply units 603.

[0034] The electric power device 600 further includes a voltage sensor and switch control
604 to sense an input voltage level of the AC voltage supply, such as a line voltage, as well as
to provide operation of the power distribution unit in either a line-line configuration or line-

neutral configuration.

[0035] By way of example, connectors for single-phase power supply 602 in one phase of
the power distribution unit are shown connected to phase A, and selectively coupled to either
phase B or neutral, dependent upon whether line-line or line-neutral operation is desired. In

this configuration, multiple discrete triacs 610 may be employed as the switchable elements.
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Triacs 610 are semiconductor devices which are similar to silicon-controlled rectifiers, but
allow current to flow in both directions. In the embodiment depicted, multiple connectors for
single-phase power supply 602 are connected to another phase, phase B, as well as selectively
connectable to phase C and the neutral line via triacs 610'. In this example, the pair of triacs
610" may be used to switch in unison all of the outlet connectors for single-phase power supply
602 in that phase. In such a case, triacs 610" may be larger triacs than triacs 610 associated with

each of the connectors in the phase connected to phase A.

[0036] By way further example, in one or more embodiments, relays 611 may instead be
employed, such as illustrated in the third phase of the power distribution unit of FIG. 6. In this
configuration, each connector for single-phase power supply 602 in this phase is connected to
phase C, and selectively connectable to either phase A or neutral to allow for line-line or line-

neutral operation as described herein.

[0037] Note with respect to FIG. 6, that the different switchable element configurations are
provided by way of example only. In one or more embodiments, the same switchable element
might be employed in each phase of the power distribution unit. Note also that the power
distribution unit may contain other functions not shown, such as filtering, monitoring, fusing,

etc.

[0038] From the above description, those of ordinary skill in the art will understand that the
electric power device disclosed herein may take a variety of configurations, including that of a
power supply or a power distribution unit. For instance, in one or more embodiments, a power
supply may be provided to operate in either line-line or line-neutral operation using silicon-
controlled rectifiers in the rectifier bridge. In one or more other embodiments, a power
distribution unit may be provided with either line-line or line-neutral outlets, dependent on, for

instance, the sensed voltage level of the AC voltage supply provided to the unit.

[0039] The aspects disclosed herein are particularly beneficial for IT equipment within or
above the 3-5 kW range. The electric power devices and methods of control disclosed
advantageously provide a lower-cost solution to the problem noted. Further, using a three-

phase power supply such as described with reference to FIG. 5 provides balanced three-phase
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power and better line cord utilization. The devices disclosed herein also eliminate the risk of
hardware damage due to an input overvoltage as a result of a miss-wiring of an electric power

device to the supplied voltage.

[0040] Referring next to FIG. 7, a schematic of an example of a processing system 700 is
shown, which may be used to implement one or more aspects of the present invention, such as
the voltage sensing and switch control. Processing system 700 is only one example of a
suitable system and is not intended to suggest any limitation as to the scope of use or
functionality of embodiments of the invention described herein. Regardless, processing system
700 is capable of being implemented and/or performing any of the functionality set forth herein

above, such as the voltage sensing and switch control functionality discussed.

[0041] In processing system 700, there is a computing system 712, which may be described
in the general context of computer system executing instructions, such as program modules.
Generally, program modules may include routines, programs, objects, components, logic, data
structures, and so on that perform particular tasks or implement particular abstract data types.
One or more aspects of computing system 712 may be practiced in distributed cloud computing
environments where tasks are performed by remote processing devices that are linked through a
communications network. In a distributed cloud computing environment, program modules
may be located in both local and remote computer system storage media including memory

storage devices.

[0042] As shown in FIG. 7, computing system 712 in processing system 700 is shown in
the form of a general-purpose computing device. The components of detector/computing
system 712 may include, but are not limited to, one or more processors or processing units 716,
a system memory 723, and a bus 718 that couples various system components including system

memory 723 to processor(s) 716.

[0043] Bus 718 represents one or more of any of several types of bus structures, including a
memory bus or memory controller, a peripheral bus, an accelerated graphics port, and a
processor or local bus using any of a variety of bus architectures. By way of example, and not

limitation, such architectures include the Industry Standard Architecture (ISA), Micro Channel
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Architecture (MCA), Enhanced ISA (EISA), Video Electronics Standards Association (VESA),

and Peripheral Component Interconnect (PCI).

[0044] Computing system 712 may include a variety of computer system readable media.
Such media may be any available media that is accessible by computing system 712, and it

includes both volatile and non-volatile media, removable and non-removable media.

[0045] For instance, system memory 723 can include computer system readable media in
the form of volatile memory, such as random access memory (RAM) 730 and/or cache memory
732. Computing system 712 may further include other removable/non-removable, volatile/non-
volatile computer system storage media. By way of example only, storage system 734 can be
provided for reading from and writing to a non-removable, non-volatile magnetic media (not
shown and typically called a "hard drive"). Although not shown, a magnetic disk drive for
reading from and writing to a removable, non-volatile magnetic disk (e.g., a "floppy disk"), and
an optical disk drive for reading from or writing to a removable, non-volatile optical disk such
as a CD-ROM, DVD-ROM or other optical media can be provided. In such instances, each can
be connected to bus 718 by one or more data media interfaces. As will be further depicted and
described below, memory 723 may include at least one program product having a set (e.g., at
least one) of program modules that are configured to carry out the functions of embodiments of

the invention.

[0046] Program/utility 740, having a set (at least one) of program modules 742, may be
stored in memory 723 by way of example, and not limitation, as well as an operating system,
one or more application programs, other program modules, and program data. Each of the
operating system, one or more application programs, other program modules, and program data
or some combination thereof, may include an implementation of a networking environment.
Program modules 742 may generally carry out the functions and/or methodologies of
embodiments of the invention as described herein. Alternatively, a separate switch
configuration control module, logic, etc., 701 may be provided within computing environment

712.
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[0047] Computing system 712 may electrically connect to one or more external
components, such as external devices 714 and display 724 via one or more interface(s) 722.
Also, in one or more implementations, the witch configuration control 701 may be provided
separately, coupling to the other components of computing system 712 via bus 718, as
illustrated in FIG. 7. It should also be understood that although not shown, other hardware
and/or software components could be used in conjunction with detector/computing system 712.
Examples, include, but are not limited to: microcode, device drivers, redundant processing

units, etc.

[0048] The control aspects of the present invention may be a system, a method, and/or a
computer program product. The computer program product may include a computer readable
storage medium (or media) having computer readable program instructions thereon for causing

a processor to carry out aspects of the present invention.

[0049] The computer readable storage medium can be a tangible device that can retain and
store instructions for use by an instruction execution device. The computer readable storage
medium may be, for example, but is not limited to, an electronic storage device, a magnetic
storage device, an optical storage device, an electromagnetic storage device, a semiconductor
storage device, or any suitable combination of the foregoing. A non-exhaustive list of more
specific examples of the computer readable storage medium includes the following: a portable
computer diskette, a hard disk, a random access memory (RAM), a read-only memory (ROM),
an erasable programmable read-only memory (EPROM or Flash memory), a static random
access memory (SRAM), a portable compact disc read-only memory (CD-ROM), a digital
versatile disk (DVD), a memory stick, a floppy disk, a mechanically encoded device such as
punch-cards or raised structures in a groove having instructions recorded thereon, and any
suitable combination of the foregoing. A computer readable storage medium, as used herein, is
not to be construed as being transitory signals per se, such as radio waves or other freely
propagating electromagnetic waves, electromagnetic waves propagating through a waveguide
or other transmission media (e.g., light pulses passing through a fiber-optic cable), or electrical

signals transmitted through a wire.
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[0050] Computer readable program instructions described herein can be downloaded to
respective computing/processing devices from a computer readable storage medium or to an
external computer or external storage device via a network, for example, the Internet, a local
area network, a wide area network and/or a wireless network. The network may comprise
copper transmission cables, optical transmission fibers, wireless transmission, routers, firewalls,
switches, gateway computers and/or edge servers. A network adapter card or network interface
in each computing/processing device receives computer readable program instructions from the
network and forwards the computer readable program instructions for storage in a computer

readable storage medium within the respective computing/processing device.

[0051] Computer readable program instructions for carrying out operations of aspects of the
present invention may be assembler instructions, instruction-set-architecture (ISA) instructions,
machine instructions, machine dependent instructions, microcode, firmware instructions, state-
setting data, or either source code or object code written in any combination of one or more
programming languages, including an object oriented programming language such as Smalltalk,
C++ or the like, and conventional procedural programming languages, such as the "C"
programming language or similar programming languages. The computer readable program
instructions may execute entirely on the user's computer, partly on the user's computer, as a
stand-alone software package, partly on the user's computer and partly on a remote computer or
entirely on the remote computer or server. In the latter scenario, the remote computer may be
connected to the user's computer through any type of network, including a local area network
(LAN) or a wide area network (WAN), or the connection may be made to an external computer
(for example, through the Internet using an Internet Service Provider). In some embodiments,
electronic circuitry including, for example, programmable logic circuitry, field-programmable
gate arrays (FPGA), or programmable logic arrays (PLA) may execute the computer readable
program instructions by utilizing state information of the computer readable program
instructions to personalize the electronic circuitry, in order to perform aspects of the present

invention.

[0052] Certain aspects of the present invention are described herein with reference to
flowchart illustrations and/or block diagrams of methods, apparatus (systems), and computer

program products according to embodiments of the invention. It will be understood that each
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block of the flowchart illustrations and/or block diagrams, and combinations of blocks in the
flowchart illustrations and/or block diagrams, can be implemented by computer readable

program instructions.

[0053] These computer readable program instructions may be provided to a processor of a
general purpose computer, special purpose computer, or other programmable data processing
apparatus to produce a machine, such that the instructions, which execute via the processor of
the computer or other programmable data processing apparatus, create means for implementing
the functions/acts specified in the flowchart and/or block diagram block or blocks. These
computer readable program instructions may also be stored in a computer readable storage
medium that can direct a computer, a programmable data processing apparatus, and/or other
devices to function in a particular manner, such that the computer readable storage medium
having instructions stored therein comprises an article of manufacture including instructions
which implement aspects of the function/act specified in the flowchart and/or block diagram

block or blocks.

[0054] The computer readable program instructions may also be loaded onto a computer,
other programmable data processing apparatus, or other device to cause a series of operational
steps to be performed on the computer, other programmable apparatus or other device to
produce a computer implemented process, such that the instructions which execute on the
computer, other programmable apparatus, or other device implement the functions/acts

specified in the flowchart and/or block diagram block or blocks.

[0055] The flowchart and block diagrams in the Figures illustrate the architecture,
functionality, and operation of possible implementations of systems, methods, and computer
program products according to various embodiments of the present invention. In this regard,
each block in the flowchart or block diagrams may represent a module, segment, or portion of
instructions, which comprises one or more executable instructions for implementing the
specified logical function(s). In some alternative implementations, the functions noted in the
block may occur out of the order noted in the figures. For example, two blocks shown in
succession may, in fact, be executed substantially concurrently, or the blocks may sometimes

be executed in the reverse order, depending upon the functionality involved. It will also be
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noted that each block of the block diagrams and/or flowchart illustration, and combinations of
blocks in the block diagrams and/or flowchart illustration, can be implemented by special
purpose hardware-based systems that perform the specified functions or acts or carry out

combinations of special purpose hardware and computer instructions.

[0056] The terminology used herein is for the purpose of describing particular embodiments
only and is not intended to be limiting of the invention. As used herein, the singular forms “a”,
“an” and “the” are intended to include the plural forms as well, unless the context clearly
indicates otherwise. It will be further understood that the terms “comprise” (and any form of
comprise, such as “comprises” and “comprising”), “have” (and any form of have, such as “has”
and “having”), “include” (and any form of include, such as “includes” and “including”), and
“contain” (and any form contain, such as “contains” and “containing”) are open-ended linking
verbs. As a result, a method or device that “comprises”, “has”, “includes” or “contains” one or
more steps or elements possesses those one or more steps or elements, but is not limited to
possessing only those one or more steps or elements. Likewise, a step of a method or an

kA1

element of a device that “comprises”, “has”, “includes” or “contains” one or more features
possesses those one or more features, but is not limited to possessing only those one or more
features. Furthermore, a device or structure that is configured in a certain way is configured in

at least that way, but may also be configured in ways that are not listed.

[0057] The corresponding structures, materials, acts, and equivalents of all means or step
plus function elements in the claims below, if any, are intended to include any structure,
material, or act for performing the function in combination with other claimed elements as
specifically claimed. The description of the present invention has been presented for purposes
of illustration and description, but is not intended to be exhaustive or limited to the invention in
the form disclosed. Many modifications and variations will be apparent to those of ordinary
skill in the art without departing from the scope and spirit of the invention. The embodiment
was chosen and described in order to best explain the principles of one or more aspects of the
invention and the practical application, and to enable others of ordinary skill in the art to
understand one or more aspects of the invention for various embodiments with various

modifications as are suited to the particular use contemplated.
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CLAIMS

1. An electric power device comprising:

a switchable circuit to connect to an AC voltage supply, the switchable circuit
comprising multiple switchable elements;

a sensor to ascertain a voltage level of the AC voltage supply; and

a switch control to automatically establish a configuration of the switchable circuit
based on the voltage level of the AC voltage supply, the switch control coupling the electric
power device in a line-line (delfa) configuration to the AC voltage supply when the voltage
level is in a first voltage range, and a line-neutral (wye) configuration when the voltage level is

in a second voltage range.

2. The electric power device of claim 1, further comprising a reconfigurable bridge rectifier
to connect to the AC voltage supply, the reconfigurable bridge rectifier comprising the switchable

circuit.

3. The electric power device of claim 2, wherein the multiple switchable elements of the
switchable circuit comprise multiple silicon-controlled rectifiers, and the switch control
automatically enables or disables one or more silicon-controlled rectifiers of the multiple
silicon-controlled rectifiers to couple the electric power device in the line-line (delta)
configuration or the line-neutral (wye) configuration to the AC voltage supply, dependent on

the voltage level of the AC voltage supply.

4. The electric power device of claim 3, wherein the reconfigurable bridge rectifier further
comprises multiple diodes connected in-series, with one phase input of the AC voltage supply
being connected to the reconfigurable bridge rectifier between two diodes of the multiple
diodes connected in-series, and wherein at least two silicon-controlled rectifiers of the multiple
silicon-controlled rectifiers are connected in-series, with another phase input of the AC voltage
supply being connected to the reconfigurable bridge rectifier between silicon-controlled

rectifiers of the at least two silicon-controlled rectifiers.

5. The electric power device of claim 3, wherein the AC voltage supply comprises
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multiple phase lines and a neutral line, and the electric power device is a single-phase power

supply.

6. The electric power device of claim 3, wherein the AC voltage supply is a three-phase
voltage supply and the electric power device is a three-phase power supply, each phase of the
three-phase power supply being connectable by the switch control for line-line operation or

line-neutral operation.

7. The electric power device of claim 1, wherein the electric power device comprises a
three-phase power distribution unit, the AC voltage supply is a three-phase voltage supply, and
the three-phase power distribution unit comprises multiple outlet connectors which facilitate

connecting multiple single-phase power supplies to the three-phase power distribution unit.

8. The electric power device of claim 7, wherein the multiple switchable elements
comprise multiple triacs gated by the switch control, the multiple triacs being connected

between the three-phase voltage supply and the multiple outlet connectors.

9. The electric power device of claim 7, wherein multiple switchable elements comprise
multiple relays activated by the switch control, the multiple relays being connected between the

three-phase voltage supply and the multiple outlet connectors.

10. The electric power device of claim 1, wherein the first voltage range is a low-voltage
range, and the second voltage range is a high-voltage range, the low-voltage range being a

lower voltage range than the high-voltage range.

11.  The electric power device of claim 10, wherein the low-voltage range comprises 200-

208 V, and the high-voltage range comprises 380-415 V.

12. A method comprising:
providing an electric power device, the providing of the electric power device

comprising:
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providing a switchable circuit to connect to an AC voltage supply, the switchable circuit
comprising multiple switchable elements;

providing a sensor to ascertain a voltage level of the AC voltage supply; and

providing a switch control to automatically establish a configuration of the switchable
circuit based on the voltage level of the AC voltage supply, the switch control to couple the
electric power device in an line-line (de/ta) configuration to the AC voltage supply when the
voltage level is in a first voltage range, and a line-neutral (wye) configuration when the voltage

level is in a second voltage range.

13. The method of claim 12, wherein providing the electric power device further comprises
providing a reconfigurable bridge rectifier to connect to the AC voltage supply, the
reconfigurable bridge rectifier comprising the switchable circuit, wherein the multiple
switchable elements of the switchable circuit comprise multiple silicon-controlled rectifiers,
and the switch control automatically enables or disables one or more silicon-controlled
rectifiers of the multiple silicon-controlled rectifiers to couple the electric power device in the
line-line (delta) configuration or the line-neutral (wye) configuration to the AC voltage supply,

dependent on the voltage level of the AC voltage supply.

14. The method of claim 13, wherein the reconfigurable bridge rectifier further comprises
multiple diodes connected in-series, with one phase input of the AC voltage supply being
connected to the reconfigurable bridge rectifier between two diodes of the multiple diodes
connected in-series, and wherein at least two silicon-controlled rectifiers of the multiple silicon-
controlled rectifiers are connected in-series, with another phase input of the AC voltage supply
being connected to the reconfigurable bridge rectifier between silicon-controlled rectifiers of

the at least two silicon-controlled rectifiers.

15. The method of claim 13, wherein the AC voltage supply comprises multiple phase lines

and a neutral line, and the electric power device is a single-phase power supply.

16.  The method of claim 13, wherein the AC voltage supply is a three-phase voltage supply

and the electric power device is a three-phase power supply, each phase of the three-phase
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power supply being connectable by the switch control for line-line operation or line-neutral

operation.

17. The method of claim 12, wherein the electric power device comprises a three-phase
power distribution unit, the AC voltage supply is a three-phase voltage supply, and the three-
phase power distribution unit further comprises multiple outlet connectors which facilitate
connecting multiple single-phase power supplies to the three-phase distribution unit, and
wherein the multiple switchable elements comprise multiple triacs gated by the switch control,
the multiple triacs being connected between the three-phase voltage supply and the multiple

outlet connectors.

18. The method of claim 12, wherein the electric power device comprises a three-phase
power distribution unit, the AC voltage supply is a three-phase voltage supply, and the three-
phase power distribution unit further comprises multiple outlet connectors which facilitate
connecting multiple single-phase power supplies to the three-phase power distribution unit, and
wherein the multiple switchable elements comprise multiple relays activated by the switch
control, the multiple relays being connected between the three-phase voltage supply and the

multiple outlet connectors.

19. A computer program product for automatically establishing configuration of a
switchable circuit of an electric power device, the switchable circuit to connect to an AC
voltage supply, and the switchable circuit including multiple switchable elements, the computer
program product comprising:

a computer readable storage medium having program instructions embodied therewith,
the program instructions being executable by a processing circuit to cause the processing circuit
to:

sense a voltage level of the AC voltage supply; and

automatically establish a configuration of the switchable circuit based on the voltage
level of the AC voltage supply, the automatically establishing comprising automatically
coupling the electric power device in a line-line (delta) configuration to the AC voltage supply
when the voltage level is in a first voltage range, and a line-neutral (wye) configuration when

the voltage level is in a second voltage range.
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20. The computer program product of claim 19, wherein the electric power device
comprises a reconfigurable bridge rectifier to connect to the AC voltage supply, the
reconfigurable bridge rectifier including the switchable circuit, and wherein the multiple
switchable elements of the switchable circuit comprise multiple silicon-controlled rectifiers,
and the automatically establish automatically enables or disables one or more silicon-controlled
rectifiers of the multiple silicon-controlled rectifiers to couple the electric power device in the
line-line (delta) configuration or the line-neutral (wye) configuration to the AC voltage supply,

dependent on the voltage level of the AC voltage supply.

21.  The computer program product of claim 20, wherein the electric power device

comprises a power supply.

22. The computer program product of claim 19, wherein the electric power device
comprises a three-phase power distribution unit, the AC voltage supply is a three-phase voltage
supply, and the three-phase power distribution unit comprises multiple outlet connectors which
facilitate connecting multiple single-phase power supplies to the three-phase power distribution
unit, wherein the multiple switchable elements comprise multiple triacs connected between the
three-phase voltage supply and the multiple outlet connectors, the automatically establishing
gating the multiple triacs to couple the electric power device in the line-line (delta)

configuration or the line-neutral (wye) configuration.

23.  The computer program product of claim 19, wherein the electric power device
comprises a three-phase power distribution unit, the AC voltage supply is a three-phase voltage
supply, and the three-phase power distribution unit comprises multiple outlet connectors which
facilitate connecting multiple single-phase power supplies to the three-phase power distribution
unit, wherein the multiple switchable elements comprise multiple relays connected between the
three-phase voltage supply and the multiple outlet connectors, the automatically establishing
activating or deactivating one or more of the multiple relays to couple the electric power device

in the line-line (delfa) configuration or the line-neutral (wye) configuration.



WO 2018/092012 PCT/IB2017/057065

1/8
100
A ! /«MQGE
101 POWER SUPPLY
WV WP S (200-208V (200-240V INPUT)
'E LINE-LINE)
E POWER SUPPLY
\)\s\ 102~ 200240V
L |
; b %
R - S 10| POWER SUPPLY
g~ F00-240Y
C .
FIG. 1A
100!
Y
e
POWER SUPPLY
! ! (200-240V INPUT)
H 3 o
; . i !(“162
! : { 5 T )
; ‘ ] (220-240V | POWER SUPPLY
! I\ L LINE-NEUTRAL) 200-240V ;
; | ]
§ : TN NEUTRAL e
§ - | 102
| ! POWER SUPPLY
. N J 200-240V
e |




PCT/IB2017/057065

218

200

WO 2018/092012

PN
4P
ml [ b
oy B ™
< )
™~ I
iiiiiiiiiiiiiiiiiiiiiiiiiiiiiiii _ e nAms A o, s s SAAR, WA - Al KA At VAR, AR Rl i o
ml\\'n“'“‘l!ll(.llll llllllllllllllllllll " Anee Sy e e .gii\tf\'!)}tx\\ri\\‘t.‘\\-{,\(\\.(\\\\\q(\\
—
| “,Ur.iﬁvi:ﬂ:?ﬂ.;::ﬂ.i f S i S st S i S S A M R _f.J
Y t f freepoat ; t Pyt e A I t } tr—t r—t
w
&
od
g g
e L
BENER
!
\
L o i w llllllllllllllllllllll xm !!!!!!!!!!!!
- y
= e /
o~ ar o
e | o
(L ™

FIG. 2



PCT/IB2017/057065

WO 2018/092012

|
[ 4]
oy
_f.l ] W\.._:
U
2iz
i e
=
W 75
o
Z =0
oo &
L]
. o
o7
|y s e b g e e "
Tk el
I ‘ dif.n] : _f/..Jll ] w
H g 3o
g g
P T — ] {
wllllﬁnllrfrfs;s;:tp ::::: J
o oot
T cod
m oy B mm
& T
£ 9
=1
e
£

FIG. 3

405

o~ N
3 '
el , ;

L] T aoUr s ;

n 0ZL=E3 ;
¢ - A
B Ot = I
P u
NW g
O R 7
I O e — Ty wu
! w w o = W%RE P
_mm —.Mm\.ﬁ% ga&a _Cmvv.__
by e e M By |
Y o ol ==
T O OIS oo e s T S -~ B
. LU _m |
¢
_ m m\\ Aeni v drr ey ass ey e s s e e o o e i vt e e e J m m
i £ et 3 |
P e IR 3] {
by sr L= mHmm;
¢ ot WTCIFLN {
T S ot SRk s B
s - e e | _
ﬂ “ g T X w {
; 5o )
W ERR _ s e e o T e | w
o el i i o i i i i 2k S llarzrl‘lmt»mclll'llullm.nwrlnltrllllvllrlk.w
3
= o
BExD
Ty A0
- g
= Oz=ma
= B Tt e TN
T
1N = Y
<T =L o !
- -
8N . 'y =
1
oAl
e
<r

FIG. 4



PCT/IB2017/057065

4/6

WO 2018/092012

14144 G007 mwﬂw
Y o §
i e T T S I A
0L~ Ty f Iy T Ly~ T T w Oy~ Toos TSI
“ T w\zﬁi AR e T
| _ i I ! _ } ; | e i . #
_ 2| 11 A | Ly o A% S aa N \W\\_ Lib BLF | Pl Ly
| B /1 7 m O VRN I P T ] N M\NMlﬂ
_ b S Yk | Iamm:zumm_m__“ ] S Y
| RaLinowy ;L\ Ll bbb | BaLAOUID) ] e | RLINONIO) |} ek et
I A I R O W I B0 08 I T 0 SR SR O I (v O I T O S
| § EIMOd | [ PR L dEMad oy b (0] 1 3M8d 1y P T8
ppasyd [ b by o 3RS L T B T
BELLEII R RECCRRINR A R pEeNs L L] _
7 T;mm; 7 _Ji L AEA R Y N/“_ L ¥ .J:_ewmw/_i,f TCHINGD
| 20w e e ey L DL DE D Peee L DL DL HOLINS
~_; A“:ri_il bk \MLW_L_ q _rNNTLI.HU N\@L_ W., M,WN%..PNH . MLﬂ” Lm HOSNTS o~¥0b
;;;;;;;;; ETE.W‘F, e oY : 111:;?2;4&:;*’{: _ IOVLTON
Z ] % { : LEP
o gl B Y iy VY ziy H
L reuLnEn)
Lo 3svHd |
“““ . Leaswma {08
LvasvHd |
nos



209
§

NS

HIMOG
 35YHd
FITNIS BO4
HOLOINNQD

PCT/IB2017/057065

Klddns

HAMO

2GVHd
TIONIS HOd
HOLDANNOD

e

|

=
;”J
&
A

o
(2N

f
k

&/

Hlidells

HIM0d

IEHE
H1ENIS ¥04
HOISGANKOO

1
{

=
T
£

1.

—
{

Alddng
HIMO
3SVHd

TIONIS WO |

HOLOINNOD

£

WO 2018/092012

209
4

g 9l

Klddiis
YA
ASYHd
ONIS-YCd J
BOLOFMNGET |’

L
=

e

L.

Alddng \
HAINO
ISyHd

ONIS MO |

HOLZANNGD | -

(X}

=
e

a

Alddng
YO |
3SVHd ¢ w
FIONIS 4O €09
HOLOANNGD Ly

faal

: i
|
A
= |l |
MO i
35YHd L/

|

i
FITHIS MO BA ]
HOLOINNOD L4 [

ot

—

Kiddng

4 daMOd

5YHA

4 TTONIS ¥04

7

| “DLIINNOD |

Alddis

(3 HIAMGd

F5YHd

4 TIONIB HCH

HOLOENNGD

AlddNg

3EYHA
TONIS HCH
HOLOZNNGD

o dEAMOd
$-

el

.{f

Adddf18

5 HEMCd

J5¥¢Ha

L6 TINIS A

HOLOZNNOD

TOHLNGD
DLMS
CGNY

HOSNAS [~ k0%

FOYLI0A

Ltedinany

L OISR

] g asvug (H08

LINAO NOUNGIHLSIT W300d

LYTESYHd

a8



WO 2018/092012 PCT/IB2017/057065
6/6
700
712 < COMPUTING SYSTEM 753
A
730 MEMORY 734
5\ o
RAM  fw —— _
71 — STORAGE
Y SYSTEM
PROCESSi NG CAbHE St | T——
UNIT 7 740
\ 732 ] EE
74 8_\_ oottt FAZ 4
724 7272
N N ¥ ¥
o NETWORK ADAPTER 720
DISPLAY p=—p=1 INTERFACE(S)
SWITCH CONFIGURATION 70
&

714
N\ %

EXTERNAL
DEVICE(S)

FIG. 7




INTERNATIONAL SEARCH REPORT

International application No.

PCT/1B2017/057065

A.

CLASSIFICATION OF SUBJECT MATTER
HO02J 3/12(2006.01)i

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

B.

FIELDS SEARCHED

HO02B; 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

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

CNABS;CNKL VEN:level, power, neutral, countr+, establish+, device+, automatical+, configurat+, electric,
control, voltage, circuit, supply, vary, line, switch, different, sensor, range

the whole document

C. DOCUMENTS CONSIDERED TO BE RELEVANT
Category™ Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No.
A CN 101345434 A (TIANJIN BAILI TIANKAI ELECTRIC) 14 January 2009 (2009-01-14) 1-23

A CN 104810141 A (SIEMENS AG) 29 July 2015 (2015-07-29) 1-23

the whole document

A CN 105393183 A (ADVANCED CHARGING TECH LLC) 09 March 2016 (2016-03-09) 1-23

the whole document

A US 2011230103 A1 (HON HAI PREC IND CO LTD) 22 September 2011 (2011-09-22) 1-23

the whole document

DFurther 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)

«“0” 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

«1* 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

Date of mailing of the international search report

100088
China

Facsimile No. (86-10)62019451

07 February 2018 23 February 2018
Name and mailing address of the ISA/CN Authorized officer
STATE INTELLECTUAL PROPERTY OFFICE OF THE
P.R.CHINA
6, Xitucheng Rd., Jimen Bridge, Haidian District, Beijing BALXuetao

Telephone No. (86-10)62412069

Form PCT/ISA/210 (second sheet) (July 2009)




INTERNATIONAL SEARCH REPORT

Information on patent family members

International application No.

PCT/1B2017/057065

Patent document

Publication date

Patent family member(s)

Publication date

cited in search report (day/month/year) (day/month/year)

CN 101345434 A 14 January 2009 None

CN 104810141 A 29 July 2015 None

CN 105393183 A 09 March 2016 Jp 2016524441 A 12 August 2016
AU 2014277911 Al 21 January 2016
us 9729064 B2 08 August 2017
KR 20160019114 A 18 February 2016
HK 1216194 Al 21 October 2016
EP 3008539 A4 01 March 2017
SG 112015100940 A 28 January 2016
us 2014369084 Al 18 December 2014
CA 2915376 Al 18 December 2014
us 2016373012 Al 22 December 2016
SG 10201607499P A 28 October 2016
us 9407154 B2 02 August 2016
EP 3008539 Al 20 April 2016
WO 2014201461 Al 18 December 2014

us 2011230103 Al 22 September 2011 ™ 201134041 A 01 October 2011

Form PCT/ISA/210 (patent family annex) (July 2009)




	Page 1 - front-page
	Page 2 - front-page
	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 - claims
	Page 22 - claims
	Page 23 - claims
	Page 24 - claims
	Page 25 - claims
	Page 26 - drawings
	Page 27 - drawings
	Page 28 - drawings
	Page 29 - drawings
	Page 30 - drawings
	Page 31 - drawings
	Page 32 - wo-search-report
	Page 33 - wo-search-report

