wo 20137122581 A1 I} 00 OO0 0 O

(43) International Publication Date

(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

(19) World Intellectual Property Ny
Organization é
International Bureau -,

=

\

(10) International Publication Number

WO 2013/122581 Al

22 August 2013 (22.08.2013) WIPO | PCT
(51) International Patent Classification: (74) Agent: SULLIVAN, Thomas, M.; Lando & Anastasi LLP,
HO2M 5/40 (2006.01) Riverfront Office Park, One Main Street, Suite 1100, Cam-
bridge, MA 02142 (US).
(21) International Application Number: rdge, (US)
PCT/US2012/025210 (81) Designated States (unless otherwise indicated, for every
7)1 ional Filine Date: kind of national protection available). AE, AG, AL, AM,
(22) International Filing Date: S Feb 2012 (15.02.2012 AO, AT, AU, AZ, BA, BB, BG, BH, BR, BW, BY, BZ,
ebruary 2012 (15.02.2012) CA, CH, CL, CN, CO, CR, CU, CZ, DE, DK, DM, DO,
(25) Filing Language: English DZ, EC, EE, EG, ES, FL, GB, GD, GE, GH, GM, GT, HN,
L. ) HR, HU, ID, IL, IN, IS, JP, KE, KG, KM, KN, KP, KR,
(26) Publication Language: English KZ, LA, LC, LK, LR, LS, LT, LU, LY, MA, MD, ME,
(71) Applicant (for all designated States except US): MG, MK, MN, MW, MX, MY, MZ, NA, NG, NI, NO, NZ,
SCHNEIDER ELECTRIC IT CORPORATION OM, PE, PG, PH, PL, PT, QA, RO, RS, RU, RW, SC, SD,
[US/US]; 132 Fairgrounds Road, West Kingston, RI 02892 SE, SG, SK, SL, SM, ST, SV, SY, TH, TJ, TM, TN, TR,
(US). TT, TZ, UA, UG, US, UZ, VC, VN, ZA, ZM, ZW.
(72) Inventors; and (84) Designated States (uniess otherwise indicated, for every
(75) Inventors/Applicants 0{‘0},. Us only): DIGHRASKER, kind Of regional protection available): ARIPO (BW, GH,

Milind [IN/IN]; Flat No-A, Natureview Shruti Apartment,
Manorayanpalya, R.T.nagar, Bangalore 560032 (IN).
TOLAKANAHALLI, Pradeep [IN/IN]; #4 38/1, Gowri
Nilaya 14th Cross, Padmanabha Nagar Bangalore, Ban-
galore 560-070 (IN). KLIKIC, Damir [US/US]; 211 Bish-
ops Forest Drive, Waltham, MA 02452 (US).

GM, KE, LR, LS, MW, MZ, NA, RW, SD, SL, SZ, TZ,
UG, ZM, ZW), Eurasian (AM, AZ, BY, KG, KZ, MD, RU,
TJ, TM), European (AL, AT, BE, BG, CH, CY, CZ, DE,
DK, EE, ES, FL, FR, GB, GR, HR, HU, IE, IS, IT, LT, LU,
LV, MC, MK, MT, NL, NO, PL, PT, RO, RS, SF, SI, SK,
SM, TR), OAPI (BF, BJ, CF, CG, CIL, CM, GA, GN, GQ,
GW, ML, MR, NE, SN, TD, TG).

[Continued on next page]

(54) Title: A MODULAR THREE-PHASE ONLINE UPS

(57) Abstract: An uninterruptible power supply system (UPS) includes an
interconnect circuit configured to receive three-phase AC input power from
an AC power source and a plurality of UPS subsystems each coupled to the
interconnect circuit. A first UPS subsystem includes first and second single-
phase AC-to-DC converters. At least one second UPS subsystem includes
third and fourth single-phase AC-to-DC converters. In a tirst mode of opera-
tion, the interconnect circuit is configured to conduct at least one phase of
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190 the AC input power to the first UPS subsystem and at least one phase of the
AC input power to the second UPS subsystem, and, in a second mode of op-
eration, to disconnect the AC input power from the first UPS subsystem and
to conduct at least one phase of the AC input power to the second UPS sub-
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A MODULAR THREE-PHASE ONLINE UPS

BACKGROUND OF THE INVENTION
1. Field of Invention
Embodiments of the invention relate generally to operation of uninterruptible

power supply systems.

2. Discussion of Related Art

An uninterruptible power supply (UPS) is typically used to provide backup power
to an electrical device, or load, while the primary power source, or mains, is unavailable.
A conventional online UPS rectifies input power provided by an electric utility using a
power factor correction circuit (PFC) to provide a DC voltage to a DC bus. The rectified
DC voltage is typically used to charge a battery while mains power is available, as well
as to provide power to the DC bus. In the absence of mains power, the battery provides
power to the DC bus. From the DC bus, an inverter generates an AC output voltage to
the load. Since the DC bus is always powered either by mains or the battery, the output
power of the UPS is uninterrupted if the mains fails and the battery is sufficiently
charged.

Some conventional UPS systems with three-phase AC input use only a single PFC
converter for all three input phases through a front end diode bridge rectifier. As a result,
these conventional UPS systems with three phase input have the disadvantage of poor
input power factor, high input current distortion and poor efficiency. Further, some
conventional high power UPS systems require a split battery input to achieve charging of
the negative DC bus, which makes the system costly, less flexible and complex.
Additionally, some conventional high power UPS systems do not have flexibility in terms
of scaling the output power of the UPS and connecting an appropriate input, e.g., the
ability to convert high power with three phase input and low power with single phase

input.
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SUMMARY OF THE INVENTION

According to one embodiment, an uninterruptible power supply (UPS) system
includes an interconnect circuit configured to receive three-phase AC input power from a
three-phase AC power source, a first UPS subsystem coupled to the interconnect circuit
and having a first single-phase AC-to-DC converter, a second single-phase AC-to-DC
converter and a first output configured to provide a first single-phase AC output power, at
least one second UPS subsystem coupled to the interconnect circuit and having a third
single-phase AC-to-DC converter, a fourth single-phase AC-to-DC converter and a
second output configured to provide a second single-phase AC output power, and a third
output coupled to the first output and the second output. The first UPS subsystem is
configured to convert at least one phase of the three-phase AC input power into the first
single-phase AC output power. The second UPS subsystem(s) is/are configured to
convert at least one phase of the three-phase AC input power into the second single-phase
AC output power. The third output is configured to provide a combination of the first
single-phase AC output power and the second single-phase AC output power to a load.

In a first mode of operation, the interconnect circuit is configured to conduct at
least one phase of the three-phase AC input power to the first UPS subsystem and at least
one phase of the three-phase AC input power to the at least one second UPS subsystem.
In a second mode of operation, the interconnect circuit is configured to disconnect the
three-phase AC input power from the first UPS subsystem and to conduct at least one
phase of the three-phase AC input power to the at least one second UPS subsystem.

In another embodiment, in the first mode of operation, the interconnect circuit
may be configured to conduct, to the first UPS subsystem, a first phase of the three-phase
AC input power and a second phase of the three-phase AC input power that is different
than the first phase of the three-phase AC input power. The interconnect circuit may be
further configured to conduct, to the at least one second UPS subsystem, the second
phase of the three-phase AC input power and a third phase of the three-phase AC input
power that is different than each of the first and second phases of the AC input power.

In another embodiment, the first single-phase AC-to-DC converter and the second

single-phase AC-to-DC converter may each be configured to operate independently of
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each of the third single-phase AC-to-DC converter and the fourth single-phase AC-to-DC
converter.

In another embodiment, the UPS system may further include a controller
configured to detect a failure of the first UPS subsystem and operate the UPS system in
the second mode of operation responsive to detecting the failure of the first UPS
subsystem.

In another embodiment, the UPS system may further include a DC power source.
The first UPS subsystem may include a first input coupled to the first single-phase AC-
to-DC converter and a second input coupled to the second single-phase AC-to-DC
converter. The at least one second UPS subsystem may include a third input coupled to
the third single-phase AC-to-DC converter and a fourth input coupled to the fourth
single-phase AC-to-DC converter. The interconnect circuit may be configured to
switchably connect the first input of the first UPS subsystem to the DC power source
and/or at least one phase of the three-phase AC input power. The interconnect circuit
may be further configured to switchably connect the second input of the first UPS
subsystem to the DC power source and/or at least one phase of the three-phase AC input
power. The interconnect circuit may be further configured to switchably connect the
third input of the at least one second UPS subsystem to the DC power source and/or at
least one phase of the three-phase AC input power. The interconnect circuit may be
further configured to switchably connect the fourth input of the at least one second UPS
subsystem to the DC power source and/or at least one phase of the three-phase AC input
power.

In another embodiment, the first output and the second output may be coupled to
each other in parallel. In another embodiment, the first UPS subsystem may include a
first double-conversion UPS. The at least one second UPS subsystem may includes a
second double-conversion UPS.

According to one embodiment, an uninterruptible power supply (UPS) system
includes a first UPS subsystem having a first input, a second input, a first single-phase
AC-to-DC converter coupled to the first input, and a second single-phase AC-to-DC
converter coupled to the second input. The UPS further includes a second UPS

subsystem having a third input, a fourth input, a third single-phase AC-to-DC converter
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coupled to the third input, and a fourth single-phase AC-to-DC converter coupled to the
fourth input. The UPS further includes a first relay coupled to the first input and
configured to be coupled to a first phase of a three-phase AC power source, a second
relay coupled to the second input and configured to be coupled to a second phase of the
three-phase AC power source, a third relay coupled to the third input and configured to
be coupled to the second phase of the three-phase AC power source, a fourth relay
coupled to the fourth input and configured to be coupled to a third phase of the three-
phase AC power source, a first switch coupled at one end to a first point between the first
relay and the first input, and at an opposite end to a second point between the second
relay and the second input, and a second switch coupled at one end to a third point
between the third relay and the third input, and at an opposite end to a fourth point
between the fourth relay and the fourth input.

In another embodiment, the UPS system may further include a fifth relay
interposed between the first input and the first switch, a sixth relay interposed between
the second input and the first switch, a seventh relay interposed between the third input
and the second switch, and an eighth relay interposed between the fourth input and the
second switch.

In another embodiment, the UPS system may further include a DC power source.
The fifth relay may be configured to switchably couple the first single-phase AC-to-DC
converter to the first input and/or the DC power source. The sixth relay may be
configured to switchably couple the second single-phase AC-to-DC converter to the
second input and/or the DC power source. The seventh relay may be configured to
switchably couple the third single-phase AC-to-DC converter to the third input and/or the
DC power source. The eighth relay may be configured to switchably couple the fourth
single-phase AC-to-DC converter to the fourth input and/or the DC power source.

In another embodiment, the UPS system may further include a controller coupled
to the first, second, third, fourth, fifth, sixth, seventh and eighth relays, the first and
second switches, and the first and second UPS subsystems. In a first mode of operation,
the controller may be configured to close the first, second, third, and fourth relays to
provide at least one phase of the three-phase AC input power to the first, second, third

and fourth inputs, respectively. The controller may be further configured to switch the
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fifth relay to couple the first single-phase AC-to-DC converter to the first input, switch
the sixth relay to couple the second single-phase AC-to-DC converter to the second input,
switch the seventh relay to couple the third single-phase AC-to-DC converter to the third
input, switch the eighth relay to couple the fourth single-phase AC-to-DC converter to the
fourth input, and open the first switch and the second switch. In a second mode of
operation, the controller may be configured to open the first, second and third relays,
open the first switch, close the fourth relay, and close the second switch. In yet another
embodiment, in a third mode of operation, the controller may be configured to open the
first and second relays, open the first and second switches, and close the third and fourth
relays. In yet another embodiment, the controller may be further configured to detect a
failure of the first UPS subsystem and operate the UPS system in the second or third
mode of operation in response to detecting the failure of the first UPS subsystem.

In another embodiment, the UPS system may further include a third switch
coupled at one end to the second point and at an opposite end to the third point. In yet
another embodiment, the UPS system may further include a controller coupled to the
first, second, third, fourth, fifth, sixth, seventh and eighth relays, the first, second and
third switches, and the first and second UPS subsystems. In a first mode of operation, the
controller may be configured to close the first relay and close the first, second and third
switches to provide one phase of the three-phase AC input power to the first, second,
third and fourth inputs, respectively. The controller may be further configured to switch
the fifth relay to couple the first single-phase AC-to-DC converter to the first input,
switch the sixth relay to couple the second single-phase AC-to-DC converter to the
second input, switch the seventh relay to couple the third single-phase AC-to-DC
converter to the third input, switch the eighth relay to couple the fourth single-phase AC-
to-DC converter to the fourth input. In a second mode of operation, the controller may be
configured to open the first, second and third relays, open the third switch, close the
fourth relay, and close the second switch.

In another embodiment, the first single-phase AC-to-DC converter may include a
first 3.33KW AC-to-DC converter, the second single-phase AC-to-DC converter may
include a first 1.66KW AC-to-DC converter, the third single-phase AC-to-DC converter
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may includes a second 1.66KW AC-to-DC converter, and the fourth single-phase AC-to-
DC converter may include a second 3.33KW AC-to-DC converter.

In another embodiment, the first UPS subsystem may include a first SKW inverter
coupled to the first and second single-phase AC-to-DC converters. The second UPS
subsystem may include a second SKW inverter coupled to the third and fourth single-
phase AC-to-DC converters.

According to one embodiment, a method of controlling an uninterruptible power
supply (UPS) system includes connecting one phase of a three-phase AC input power to a
first single-phase AC-to-DC converter of a first UPS subsystem, connecting one phase of
the three-phase AC input power to a second single-phase AC-to-DC converter of the first
UPS subsystem, connecting one phase of the three-phase AC input power to a third
single-phase AC-to-DC converter of a second UPS subsystem, connecting one phase of
the three-phase AC input power to a fourth single-phase AC-to-DC converter of the
second UPS subsystem, converting the three-phase AC input power into a single-phase
AC output power using each of the first, second, third and fourth AC-to-DC converters,
detecting a failure of the first UPS subsystem, and responsive to detecting the failure of
the first UPS subsystem, disconnecting the three-phase AC input power from each of the
first single-phase AC-to-DC converter and the second single-phase AC-to-DC converter
and converting at least one phase of the three-phase AC input power into the single-phase
AC output power using each of the third and fourth single-phase AC-to-DC converters.

In another embodiment, the method may further include connecting a first phase
of the three-phase AC input power to the first single-phase AC-to-DC converter,
connecting a second phase of the three-phase AC input power that is different than the
first phase of the three-phase AC input power to the second single-phase AC-to-DC
converter, connecting the second phase of the three-phase AC input power to the third
single-phase AC-to-DC converter, and connecting a third phase of the three-phase AC
input power that is different than each of the first and second phases of the AC input
power to the fourth single-phase AC-to-DC converter.

In another embodiment, the method may further include, responsive to detecting
the failure of the first UPS subsystem, connecting at least one of the first phase of the

three-phase AC input power and the second phase of the three-phase AC input power to
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each of the third single-phase AC-to-DC converter and the fourth single-phase AC-to-DC
converter. In yet another embodiment, the method may further include connecting one
phase of the three-phase AC input power to each of the first, second, third and fourth

single-phase AC-to-DC converters.

BRIEF DESCRIPTION OF THE DRAWINGS

The accompanying drawings are not intended to be drawn to scale. In the
drawings, each identical or nearly identical component that is illustrated in various
figures is represented by a like numeral. For purposes of clarity, not every component
may be labeled in every drawing. In the drawings:

FIG. 1 is a block diagram of one example of an uninterruptible power supply in
accordance with one embodiment;

FIG. 2 is a block diagram of another example of an uninterruptible power supply
in accordance with one embodiment;

FIG. 3 is a block diagram of yet another example of an uninterruptible power
supply in accordance with one embodiment; and

FIG. 4 is a block diagram of yet another example of an uninterruptible power

supply in accordance with one embodiment.

DETAILED DESCRIPTION OF THE INVENTION
Embodiments of this invention are not limited in their application to the details of
construction and the arrangement of components set forth in the following description or
illustrated in the drawings. Embodiments of the invention are capable of other
embodiments and of being practiced or of being carried out in various ways. Also, the
phraseology and terminology used herein is for the purpose of description and should not

2% <<

be regarded as limiting. The use of “including,” “comprising,” or “having,”

“containing,” “involving,” and variations thereof herein, is meant to encompass the items
listed thereafter and equivalents thereof as well as additional items.

Various embodiments relate to power conversion in a UPS; however,
embodiments of the invention are not limited for use in uninterruptible power supplies

and may be used with other power supplies or other power systems generally. Further,
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while at least some examples below describe uses with respect to online UPS’s, some
embodiments can be used with other types of UPS’s.

FIG. 1 is a block diagram of an example of a UPS system 100, according to one
embodiment. The UPS system 100 is configured to be coupled to a polyphase AC power
source, such as a three-phase AC input 102 including phases A, B and C. The UPS
system 100 is further configured to convert one or more phases A, B, C of the AC input
102 into single-phase AC power at an output 104. A load 106 may be coupled to the
output 104.

The UPS system 100 includes a plurality of UPS subsystems 110 each coupled to
an interconnect circuit 120. The interconnect circuit 120 is coupled to each phase A, B,
C of the AC input 102, and, in general, acts to interconnect each phase A, B, C of the AC
input 102 to the plurality of UPS subsystems 110. In one embodiment, the plurality of
UPS subsystems 110 include at least two UPS subsystems 111 and 112, although it will
be understood that any number n of UPS subsystems may be used in combination with
UPS subsystems 111 and 112. The first UPS subsystem 111 includes two inputs 130,
132 each coupled to the interconnect circuit 120. Similarly, the second UPS subsystem
112 includes two inputs 134, 136 each coupled to the interconnect circuit 120. Each of
the inputs 130, 132, 134, 136 are configured to conduct one phase (e.g., A, B or C) of the
AC input 102 as provided by the interconnect circuit 120 to the respective input 130, 132,
134, 136. The UPS system 100 further includes a controller 140 coupled to the UPS
subsystems 110 and/or the interconnect circuit 120, and a battery 150 or other DC power
source coupled to the UPS subsystems 110 and/or the interconnect circuit 120.

In general, each UPS subsystem 111, 112 is configured to convert one or more of
the phases A, B, C of the AC input 102 into at least a portion of the single-phase AC
power at the output 104. The outputs of each UPS subsystem 110 (not shown) are
coupled together in parallel to the output 104 of the UPS system 100. For example, UPS
subsystem 111 may include a two-phase converter configured to convert phases A and B
of the AC input 102 into at least a portion of the AC power at the output 104, and UPS
subsystem 112 may include another two-phase converter configured to convert phases B
and C of the AC input 102 into another portion of the AC power at the output 104.

Alternatively, each UPS subsystem 111, 112 may be configured to convert a single phase
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of the AC input 102 (e.g., phase A, B or C) into the AC power at the output 104. The
interconnect circuit 120 can be controlled (e.g., by the controller 140) to selectively
interconnect one phase A, B, C of the AC input 102 to each input 130, 132, 134, 136 of
the UPS subsystems 111, 112, respectively, as will be described in further detail below.
In one embodiment, the interconnect circuit 120 can be further controlled to couple the
battery 150 to one or more of the inputs 130, 132, 134, 136. In another embodiment, the
battery 150 can be coupled directly to any of the UPS subsystems 110 through one or
more relays, such as relays 191-197 described below with respect to FIGS. 2, 3 and 4.

In one embodiment, each of the plurality of UPS subsystems 110 (e.g., UPS
subsystem 111 and 112) is a modular component that can be added to, or removed from,
the interconnect circuit 120 to increase or decrease the total power output capacity of the
UPS system 100. For example, the UPS system 100 may include two, three, four or more
similarly constructed UPS subsystems, each being interconnected to the AC input 102 via
the interconnect circuit 120 and each having their respective outputs coupled in parallel
to each other.

FIG. 2 is a block diagram of the UPS system 100, according to one embodiment.
The embodiment shown in FIG. 2 includes two two-phase UPS subsystems 111, 112.
UPS subsystem 111 includes two outputs, a line output 121 and a neutral output 122, and
UPS subsystem 112 includes two outputs, a line output 123 and a neutral output 124.
The line outputs 121 and 123 are coupled together in parallel, as are the neutral outputs
122 and 124, to output 104. As discussed above, the load 106 may be coupled to the
output 104.

Each of the UPS subsystems 111, 112 include two single-phase converters (e.g.,
AC-to-DC power factor correction converters). UPS subsystem 111 includes single-
phase converters 141 and 142 that are each coupled to a common DC bus 151. The DC
bus 151 is further coupled to an inverter circuit 161. In one example, the UPS subsystem
111 may be configured to generate SKW at the outputs 121, 122 using a 3.33KW
converter (e.g., converter 141) and a 1.65KW converter (e.g., converter 142). Similarly,
UPS subsystem 112 includes single-phase converters 143 and 144 that are each coupled
to another common DC bus 152. The DC bus 152 is further coupled to another inverter

circuit 162. In this example, UPS subsystem 112 may similarly be configured to generate
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SKW at the outputs 123, 124 using another 1.65KW converter (e.g., converter 143) and
another 3.33KW converter (e.g., converter 144). Since the outputs 121, 123 and 122, 124
are coupled in parallel, the total power output of the UPS 100 at the output 104 is up to
10KW (i.e., SKW per UPS subsystem), depending on the operating mode of the UPS
100, which is described below.

In the embodiment of FIG. 2, the interconnect circuit 120 includes a plurality of
relays 171, 172, 173, 174 each coupled to one phase A, B or C of the AC input 102. For
example, relay 171 is coupled to phase A, relay 172 is coupled to phase B, relay 173 is
also coupled to phase B, and relay 174 is coupled to phase C. The interconnect circuit
120 further includes a plurality of switches 181, 182, 183. Switch 181 is coupled
between relay 171 and relay 172, switch 182 is coupled between relay 172 and relay 173,
and switch 183 is coupled between relay 173 and relay 174. Although in FIG. 2 the
interconnect circuit 120 is shown separate from the UPS 100, in some embodiments the
interconnect circuit 120 may be included within the UPS 100, such as described with
respect to FIG. 1.

The UPS 100 of FIG. 2 further includes a plurality of relays 191, 192, 193, 194
each coupled to a respective one of the converters 141, 142, 143, 144, to the interconnect
circuit 120, and to the battery 150. Although in FIG. 2 the relays 191, 192, 193, 194 are
shown within the UPS 100, in some embodiments relays 191, 192, 193, 194 may be
included within the interconnect circuit 120.

The UPS 100 of FIG. 2 is configured such that each UPS subsystem 111, 112
shares generation of the total output power equally. For example, as described above,
UPS subsystem 111 generates SKW and UPS subsystem 112 generates another SKW, for
a total power output of 10KW when both UPS subsystems 111, 112 are operational.
When operating in line mode (i.e., drawing power from the AC input 102), the IOKW
output power can be derived from all three phases A, B, C of the AC input 102 or from a
single phase (e.g., A, B or C) of the AC input 102. When operating in backup mode (i.e.,
drawing power from the battery 150), the 10KW output power can be derived from the
battery 150. To achieve the above-described conditions, the interconnect circuit 120 may
be controlled, for example, as shown in Table 1 below to selectively couple each of the

UPS subsystems 111, 112 to one or more phases A, B, C of the AC input 102.



10

15

20

25

WO 2013/122581 PCT/US2012/025210

-11-

Relay | Relay | Relay | Relay | Switch | Switch | Switch
171 172 173 174 181 182 183

UPS subsystems 111 C C C C O C O
& 112
UPS subsystem 112 O O O C O O C
only (using 1 phase
input)
UPS subsystem 112 O O C C O O O
(using 2 phase input)

Table 1 — Three-phase input, single-phase output, two UPS subsystems.
C=Closed; O=Open.

In the example shown in Table 1, and with reference to FIG. 2, when both UPS
subsystems 111 and 112 are operational, relay 171 is closed to conduct phase A of the
AC input 102 to converter 141, relay 172 is closed to conduct phase B of the AC input
102 to converter 142, relay 173 is closed to conduct phase B of the AC input 102 to
converter 143, and relay 174 is closed to conduct phase C of the AC input 102 to
converter 144. When configured in the manner described in Table 1, each phase A, B, C
of the AC input 102 is equally loaded (i.e., 3.33KW per phase), although the load on
phase B is distributed equally across the two UPS subsystems 111, 112 (1.66KW on each
UPS subsystem 111, 112) while the load on phases A and C, respectively, are 3.33KW
for each UPS subsystem 111, 112. It will be understood that the control configurations
shown in Table 1 describe one non-limiting example of how the interconnection circuit
120 may be configured to achieve various operating conditions of the UPS 100, and that
other configurations not shown in Table 1 are possible. For example, converters 142 and
143 may be coupled to phase A or C instead of phase B, and converters 141 and 144 may
be coupled to one of the two other phases not coupled to converters 142 and 143.

The UPS 100 is also configured to provide partial power supply redundancy at the
output 104 if one of the UPS subsystems 111 or 112 fails. Failure of any of the UPS
subsystems 110 may be detected, for example, by the controller 140 (see FIG. 1). For
example, if UPS subsystem 111 fails, the UPS 100 can provide SKW of output power
(i.e., half of the total output capacity of the UPS 100) using only UPS subsystem 112. In
one example, when only UPS subsystem 112 is operational, relays 171, 172 and 173 and
switches 181 and 182 are open, disconnecting UPS subsystem 111 from the AC input 102




10

15

WO 2013/122581 PCT/US2012/025210

-12-

(i.e., UPS subsystem 111 will not generate any output power in this configuration).
Relay 174 and switch 183 are closed to conduct phase C of the AC input 102 to
converters 143 and 144 only. Thus, UPS subsystem 112 generates the AC output 104
using only one phase of the AC input 102. It will be understood that any phase A, B, C
of the AC input 102 may be used, depending on the particular configuration of the
interconnect circuit 120. In another example, also shown in Table 1, relays 173 and 174
are closed, and switches 181, 182, 183 are open, to conduct phases B and C of the AC
input 102 to converters 143 and 144 only. Thus, UPS subsystem 112 generates the AC
output 104 using two phases of the AC input 102. Again, it will be understood that any
two phases A, B, C of the AC input 102 may be used.

As shown in Table 1 above, the relays 171, 172, 173, 174 and switches 181, 182,
183 can be configured in various combinations to configure the UPS 100 for operation in
various modes (e.g., a mode in which all UPS subsystems 110 are operational, or another
mode in which one of the UPS subsystems 110 has failed or is otherwise inoperable).
Table 2 shows the total power output by the UPS 100 in several exemplary modes of
operation when drawing power from one or more phases A, B, C of the AC input 102. In
a first mode of operation, both UPS subsystems 111 and 112 are operational and three
phases of the AC input 102 are used; in a second mode of operation, only UPS subsystem

112 is operational and only two phases of the AC input 102 are used.
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UPS 100 Output UPS subsystems 111 & 112 UPS subsystem 112 only

Power operational operational (1 phase input)
Phase A Phase B Phase C | Phase A | Phase B | Phase C

Power Power Power Power Power Power

UPS subsystem 3.33KW | 1.66KW 0 0 0 0

111 power

output

UPS subsystem 0 1.66KW | 3.33KW 0 0 SKW

112 power

output

Total load/phase | 3.33KW | 3.33KW | 3.33KW 0 0 SKW

Total output 10KW SKW

Table 2 — Total power output for UPS having two SKVA subsystems, three-phase input.

UPS 100 Output Power UPS subsystem only 112 operational (2 phase input)
Phase A Power | Phase B Power | Phase C Power

UPS subsystem 111 power output 0 0 0

UPS subsystem 112 power output 0 1.66KW 3.33KW

Total load/phase 0 1.66KW 3.33KW

Total output SKW

Table 2 (con’t.) — Total power output for UPS having two SKVA subsystems, three-phase
input.

The UPS 100 of FIG. 2 can be further configured to operate in single-phase AC

input operation, as shown in Table 3 below.

Relay | Relay | Relay | Relay | Switch | Switch | Switch
171 172 173 174 181 182 183
UPS subsystems O O O C C C C
111 & 112

Table 3 — Single-phase input (Phase C), single-phase output. C=Closed; O=Open.

In the configuration described in Table 3, relay 174 is closed while switches 181,
182 and 183 are also closed. This enables the interconnect circuit 120 to conduct phase C
of the AC input 102 to all four converters 141, 142, 143, 144. It will be understood that
by using different configurations of the interconnect circuit 120, single-phase operation

of the UPS 100 can draw power from any phase A, B or C of the AC input 102.
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Table 4 below shows the total power output by the UPS 100 when operating in

single-phase AC input operation, such as described with respect to Table 3.

UPS 100 Output Power UPS subsystems 111 & 112 operational

Phase A Power | Phase B Power | Phase C Power
UPS subsystem 111 power output 0 0 SKW
UPS subsystem 112 power output 0 0 SKW
Total load/phase 0 0 10KW
Total output 10KW

Table 4 — Total power output for UPS having two SKVA subsystems, single phase input.

To operate the UPS 100 in backup mode (i.e., drawing power from the battery
150), relays 191, 192, 193, 194 are switched to battery connections B+ and N, thus
conducting power from the battery 150 to UPS subsystems 141, 142, 143, 144.

FIG. 3 is a block diagram of the UPS system 100, according to another
embodiment. The embodiment of FIG. 3 is similar to the embodiment of FIG. 2, except
that the UPS system 100 includes three UPS subsystems 111, 112, 113 instead of two
UPS subsystems 111, 112, as described above with respect to FIG. 2. UPS subsystem
113 includes two outputs, a line output 125 and a neutral output 126. The line outputs
121, 123 and 125 are coupled together in parallel, as are the neutral outputs 122, 124 and
126 to output 104. As discussed above, the load 106 may be coupled to the output 104.

Each of the UPS subsystems 111, 112, 113 includes two single-phase converters
(e.g., AC-to-DC power factor correction converters). Similar to the UPS subsystems 111,
112 described above with respect to FIG. 2, UPS subsystem 113 includes single-phase
converters 145 and 146 that are each coupled to a common DC bus 153. The DC bus 153
is further coupled to an inverter circuit 163. In one example, the UPS subsystem 113
may be configured to generate SKW at the outputs 125, 126 using a 3.33KW converter
(e.g., converter 146) and a 1.65KW converter (e.g., converter 145). Since the outputs
121, 123, 125 and 122, 124, 126 are coupled in parallel, the total power output of the
UPS 100 at the output 104 1s up to 15KW (i.e., SKW per UPS subsystem), depending on
the operating mode of the UPS 100, which is described below.

In the embodiment of FIG. 3, the interconnect circuit 120 includes relays 175, 176
each coupled to one phase A, B or C of the AC input 102, in addition to relays 171, 172,
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173, 174 as described above with respect to the embodiment of FIG. 2. For example,
relay 175 is coupled to phase C and relay 176 is coupled to phase A. The interconnect
circuit 120 further includes switch 184 in addition to switches 181 and 183 (but not
switch 182) as described above with respect to FIG. 2. Switch 184 is coupled between
relay 175 and relay 176. Although in FIG. 3 the interconnect circuit 120 is shown
separate from the UPS 100, in some embodiments the interconnect circuit 120 may be
included within the UPS 100, such as described with respect to FIG. 1.

The UPS 100 of FIG. 3 further includes relays 195, 196 in addition to relays 191,
192, 193, 194 as described above with respect to FIG. 2. Relays 195, 196 are each
coupled to a respective one of the converters 145, 146, to the interconnect circuit 120,
and to the battery 150. Although in FIG. 3 the relays 191, 192, 193, 194, 195, 196 are
shown within the UPS 100, in some embodiments relays 191, 192, 193, 194, 195, 196
may be included within the interconnect circuit 120.

The UPS 100 of FIG. 3 is configured such that each UPS subsystem 111, 112, 113
shares generation of the total output power equally. For example, as described above,
UPS subsystem 111 generates SKW, UPS subsystem 112 generates another SKW, and
UPS subsystem 113 generates another SKW for a total power output of 15 KW when UPS
subsystems 111, 112, 113 are all operational. When operating in line mode (i.e., drawing
power from the AC input 102), the 15KW output power can be derived from all three
phases A, B, C of the AC input 102. When operating in backup mode (i.e., drawing
power from the battery 150), the 15KW output power can be derived from the battery
150. To achieve the above-described conditions, the interconnect circuit 120 may be
controlled, for example, as shown in Table 5 below to selectively couple the UPS 100 to

the AC input 102.
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Relay | Relay | Relay | Relay | Relay | Relay | Switch | Switch | Switch
171 172 173 174 175 176 181 183 184

UPS C O C O C O C C C
Subsystems
111,112 &
113
UPS O O C C C C O O O
Subsystems
112 & 113
only

Table 5 — Three-phase input, single-phase output, three UPS subsystems.
C=Closed; O=Open.

In the example shown in Table 5, when all UPS subsystems 111, 112, 113 are
operational, relay 171 is closed to conduct phase A of the AC input 102 to converter 141,
switch 181 is closed to conduct phase A of the AC input 102 to converter 142 (relay 172
is open), relay 173 is closed to conduct phase B of the AC input 102 to converter 143,
switch 183 is closed to conduct phase B of the AC input 102 to converter 144 (relay 174
is open), relay 175 is closed to conduct phase C of the AC input 102 to converter 145,
and switch 184 is closed to conduct phase C of the AC input 102 to converter 146 (relay
176 is open). When configured in the manner described in Table 5, each phase A, B, C
of the AC input 102 is equally loaded (i.e., 3.33KW each) across the three UPS
subsystems 111, 112, 113. It will be understood that the control configurations shown in
Table 5 describes one non-limiting example of how the interconnection circuit 120 may
be configured to achieve various operating conditions of the UPS 100, and that other
configurations not shown in Table 5 are possible.

The UPS 100 is also configured to provide partial power supply redundancy at the
output 104 if one of the UPS subsystems 111, 112 or 113 fails. For example, if UPS
subsystem 111 fails, the UPS 100 can provide 10KW of output power (i.e., two-thirds of
the total output capacity of the UPS 100) using only UPS subsystems 112, 113. When
only UPS subsystems 112, 113 are operational, relays 171 and 172 and switches 181,
183, and 184 are open, disconnecting UPS subsystem 111 from the AC input 102 (i.e.,
UPS subsystem 111 will not generate any output power in this configuration). Relay 173

is closed to conduct phase B of the AC input 102 to converter 143. Relay 174 is closed to
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conduct phase C of the AC input 102 to converter 144. Relay 175 is closed to conduct
phase C of the AC input 102 to converter 145. Relay 176 is closed to conduct phase A of
the AC input 102 to converter 146. Thus, in this configuration, the UPS 100 operates in a
manner similar to that of the embodiment of FIG. 2, wherein each phase A, B, C of the
AC input 102 is equally loaded (i.e., 3.33KW each) across the two operational UPS
subsystems 112, 113.

As shown in Table 5 above, the relays 171, 172, 173, 174 and switches 181, 183,
184 can be configured in various combinations to configure the UPS 100 for operation in
various modes. Table 6 shows the total power output by the UPS 100 in several
exemplary modes of operation when drawing power from one or more phases A, B, C of
the AC input 102. In a first mode of operation, all three UPS subsystems 111, 112 and
113 are operational and three phases of the AC input 102 are used; in a second mode of
operation, only UPS subsystems 112 and 113 are operational yet all three phases of the
AC input 102 are still used.

UPS 100 Output UPS subsystems 111, 112 & UPS subsystems 112 & 113 only
Power 113 operational operational

Phase A | Phase B | Phase C | Phase A Phase B Phase C

Power Power Power Power Power Power

UPS subsystems SKW 0 0 0 0 0
111 power output
UPS subsystem 0 SKW SKW 0 3.33KW | 1.66KW
112 power output
UPS subsystem 0 0 SKW 3.33KW 0 1.66 KW
113 power output
Total load/phase SKW SKW SKW 3.33KW | 3.33KW | 3.33KW
Total output I5SKW 10KW

Table 6 — Total power output for UPS having three SKVA subsystems.

C=Closed; O=Open.

To operate the UPS 100 in backup mode (i.e., drawing power from the battery
150), relays 191, 192, 193, 194, 195, 196 are switched to battery connections B+ and N,
thus conducting power from the battery 150 to UPS subsystems 141, 142, 143, 144, 145,

146.

FIG. 4 is a block diagram of the UPS system 100, according to another

embodiment. The embodiment of FIG. 4 is similar to the embodiment of FIG. 3, except
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that the UPS system 100 includes four UPS subsystems 111, 112, 113, 114 instead of
three UPS subsystems 111, 112, 113, as described above with respect to FIG. 3. UPS
subsystem 114 includes two outputs, a line output 127 and a neutral output 128. The line
outputs 121, 123, 125 and 127 are coupled together in parallel, as are the neutral outputs
122, 124, 126 and 128 to output 104. As discussed above, the load 106 may be coupled
to the output 104.

Each of the UPS subsystems 111, 112, 113, 114 includes two single-phase
converters (e.g., AC-to-DC power factor correction converters). Similar to the UPS
subsystems 111, 112, 113 described above with respect to FIG. 3, UPS subsystem 114
includes single-phase converters 147 and 148 that are each coupled to a common DC bus
154. The DC bus 154 is further coupled to an inverter circuit 164. In one example, the
UPS subsystem 114 may be configured to generate SKW at the outputs 127, 128 using a
3.33KW converter (e.g., converter 148) and a 1.65KW converter (e.g., converter 147).
Since the outputs 121, 123, 125, 127 and 122, 124, 126, 128 are coupled in parallel, the
total power output of the UPS 100 at the output 104 is up to 20KW (i.e., SKW per UPS
subsystem), depending on the operating mode of the UPS 100, which is described below.

In the embodiment of FIG. 4, the interconnect circuit 120 includes relays 177, 178
each coupled to one phase A, B or C of the AC input 102, in addition to relays 171, 172,
173, 174, 175, 176 as described above with respect to the embodiment of FIG. 3. For
example, relay 177 is coupled to phase A and relay 178 is coupled to phase B. The
interconnect circuit 120 further includes switch 185 in addition to switches 181, 183 and
185 as described above with respect to FIG. 3. Switch 185 is coupled between relay 177
and relay 178. Although in FIG. 4 the interconnect circuit 120 is shown separate from
the UPS 100, in some embodiments the interconnect circuit 120 may be included within
the UPS 100, such as described with respect to FIG. 1.

The UPS 100 of FIG. 4 further includes relays 197, 198 in addition to relays 191,
192, 193, 194, 195, 196 as described above with respect to FIG. 3. Relays 197, 198 are
each coupled to a respective one of the converters 147, 148, to the interconnect circuit
120, and to the battery 150. Although in FIG. 4 the relays 191, 192, 193, 194, 195, 196,
197, 198 are shown within the UPS 100, in some embodiments relays 191, 192, 193, 194,
195, 196, 197, 198 may be included within the interconnect circuit 120.
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The UPS 100 of FIG. 4 is configured such that each UPS subsystem 111, 112,
113, 114 shares generation of the total output power equally. For example, as described
above, UPS subsystem 111 generates SKW, UPS subsystem 112 generates another SKW,
UPS subsystem 113 generates another SKW, and UPS subsystem 114 generates yet
another SKW for a total power output of 20KW when UPS subsystems 111, 112, 113,
114 are all operational. When operating in line mode (i.e., drawing power from the AC
input 102), the 20KW output power can be derived from all three phases A, B, C of the
AC input 102. When operating in backup mode (i.e., drawing power from the battery
150), the 20KW output power can be derived from the battery 150. To achieve the
above-described conditions, the interconnect circuit 120 may be controlled, for example,

as shown in Table 7 below to selectively couple the UPS 100 to the AC input 102.

R R R R R R R R S S S S
171 | 172 | 173 | 174 | 175 | 176 | 177 | 178 | 181 | 183 | 184 | 185
UPS C C C C C C C C O O O O
subsystems
111, 112,
113& 114
UPS O O C O C O C O O C C C
subsystems
112,113 &
114 only

Table 7 — Three-phase input, single-phase output, four UPS subsystems.
C=Closed; O=Open.

In the example shown in Table 7, when all UPS subsystems 111, 112, 113, 114
are operational, relay 171 is closed to conduct phase A of the AC input 102 to converter
141, relay 172 is closed to conduct phase B of the AC input 102 to converter 142 (switch
181 is open), relay 173 is closed to conduct phase B of the AC input 102 to converter
143, relay 174 is closed to conduct phase C of the AC input 102 to converter 144 (switch
183 is open), relay 175 is closed to conduct phase C of the AC input 102 to converter
145, relay 176 is closed to conduct phase A of the AC input 102 to converter 146 (switch
184 is open), relay 177 is closed to conduct phase A of the AC input 102 to converter
147, and relay 178 is closed to conduct phase B of the AC input 102 to converter 148

(switch 185 is open). When configured in the manner described in Table 7, each phase
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A, B, C of the AC input 102 is equally loaded (i.e., 3.33KW each) across the four UPS
subsystems 111, 112, 113, 114. It will be understood that the control configurations
shown in Table 7 describe one non-limiting example of how the interconnection circuit
120 may be configured to achieve various operating conditions of the UPS 100, and that
other configurations not shown in Table 7 are possible.

The UPS 100 is also configured to provide partial power supply redundancy at the
output 104 if one of the UPS subsystems 111, 112, 113 or 114 fails. For example, if UPS
subsystem 111 fails, the UPS 100 can provide 15KW of output power (i.e., three-fourths
of the total output capacity of the UPS 100) using only UPS subsystems 112, 113, 114.
When only UPS subsystems 112, 113, 114 are operational, relays 171 and 172 and switch
181 are open, disconnecting UPS subsystem 111 from the AC input 102 (i.e., UPS
subsystem 111 will not generate any output power in this configuration). Relay 173 is
closed to conduct phase B of the AC input 102 to converter 143. Switch 183 is closed to
conduct phase B of the AC input 102 to converter 144. Relay 175 is closed to conduct
phase C of the AC input 102 to converter 145. Switch 184 is closed to conduct phase C
of the AC input 102 to converter 146. Relay 177 is closed to conduct phase A of the AC
input 102 to converter 147. Switch 185 is closed to conduct phase A of the AC input 102
to converter 148. Thus, in this configuration, the UPS 100 operates in a manner similar
to that of the embodiment of FIG. 3, wherein each phase A, B, C of the AC input 102 is
equally loaded (i.e., 3.33KW each) across the three operational UPS subsystems 112,
113, 114.

As shown in Table 7 above, the relays 171, 172, 173, 174, 175, 176 and switches
181, 183, 184, 185 can be configured in various combinations to configure the UPS 100
for operation in various modes. Table 8 shows the total power output by the UPS 100 in
several exemplary modes of operation when drawing power from one or more phases A,
B, C of the AC input 102. In a first mode of operation, all four UPS subsystems 111,
112, 113 and 114 are operational and three phases of the AC input 102 are used; in a
second mode of operation, only UPS subsystems 112, 113 and 114 are operational yet all

three phases of the AC input 102 are still used.
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UPS 100 Output

UPS subsystems 111, 112 & 113

UPS subsystems 112 & 113

Power operational only operational

Phase A Phase B Phase C | Phase A | Phase B | Phase C
Power Power Power Power Power Power

UPS subsystems 3.33KW | 1.66KW 0 0 0 0

111 power output

UPS subsystem 0 1.66KW | 3.33KW 0 SKW 0

112 power output

UPS subsystem 1.66KW 0 3.33KW 0 0 SKW

113 power output

UPS subsystem 1.66KW | 3.33KW 0 SKW 0 0

114 power output

Total load/phase 6.66KW | 6.66KW | 6.66KW SKW SKW SKW

Total output 20KW I5SKW

Table 6 — Total power output for UPS having four SKVA subsystems.

C=Closed; O=Open.

To operate the UPS 100 in backup mode (i.e., drawing power from the battery
150), relays 191, 192, 193, 194, 195, 196, 197, 198 are switched to battery connections
B+ and N, thus conducting power from the battery 150 to UPS subsystems 141, 142, 143,
144, 145, 146, 147, 148.

One embodiment includes a modular UPS system with a three-phase power input.

The UPS system includes a plurality of modules, or subsystems, and is configured to

achieve high efficiency, partial redundancy, lower cost, higher power density, high

flexibility and low input current distortion compared to some conventional UPS systems.

The UPS system according to various embodiments are highly flexible and scalable in

power, thus providing benefits of building higher power UPS systems at the lower cost

and with unity power factor. Various embodiments of the UPS system are also capable

operating in backup or battery mode using a single battery instead of a split battery,

making the UPS system less complex, more cost effective, and easy to configure in

parallel with other UPS systems or subsystems.

Any of the preceding embodiments can be implemented within a UPS, for

example, a UPS having a DC battery as a backup power source. The UPS may be

configured to provide backup power for any number of power consuming devices, such

as computers, servers, network routers, air conditioning units, lighting, security systems,
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or other devices and systems requiring uninterrupted power. The UPS may contain, or be
coupled to, a controller or control unit to control the operation of the UPS. For example,
the controller may provide pulse width modulated (PWM) signals to each of the
switching devices within the circuit for controlling the power conversion functions. In
another example, the controller may provide control signals for the relays. In general, the
controller controls the operation of the UPS such that it charges the battery from the AC
power source when power is available from the AC power source, and inverts DC power
from the battery when the AC power source is unavailable or during brown-out
conditions. The controller can include hardware, software, firmware, a processor, a
memory, an input/output interface, a data bus, and/or other elements in any combination
that may be used to perform the respective functions of the controller.

In the embodiments described above, a battery is used as a backup power source.
In other embodiments, other AC or DC backup sources and devices may be used
including fuel cells, photovoltaics, DC micro turbines, capacitors, an alternative AC
power source, any other suitable power sources, or any combination thereof. In
embodiments of the invention that utilize a battery as a backup power source, the battery
may be comprised of multiple batteries of cells coupled in parallel or in series internal or
external to a UPS.

Having thus described several aspects of at least one embodiment of this
invention, it is to be appreciated various alterations, modifications, and improvements
will readily occur to those skilled in the art. Such alterations, modifications, and
improvements are intended to be part of this disclosure, and are intended to be within the
scope of the invention. For example, each UPS subsystem may include conventional
PFC converter topologies. This may enable the UPS system to achieve high efficiency at
a low cost. In another example, the power ratings of each UPS subsystem may be
different than those described herein, thereby providing different total output power and
different levels of redundancy for a given configuration of the UPS system. In yet
another example, each UPS subsystem may include more than two AC-to-DC converters,
e.g., three 1.66KW converters each having their outputs coupled in parallel.

Accordingly, the foregoing description and drawings are by way of example only.

What is claimed is:
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CLAIMS
1. An uninterruptible power supply (UPS) system, comprising:

an interconnect circuit configured to receive three-phase AC input power from a
three-phase AC power source;

a first UPS subsystem coupled to the interconnect circuit and having a first single-
phase AC-to-DC converter, a second single-phase AC-to-DC converter and a first output
configured to provide a first single-phase AC output power, the first UPS subsystem
configured to convert at least one phase of the three-phase AC input power into the first
single-phase AC output power;

at least one second UPS subsystem coupled to the interconnect circuit and having
a third single-phase AC-to-DC converter, a fourth single-phase AC-to-DC converter and
a second output configured to provide a second single-phase AC output power, the at
least one second UPS subsystem configured to convert at least one phase of the three-
phase AC input power into the second single-phase AC output power; and

a third output coupled to the first output and the second output, the third output
configured to provide a combination of the first single-phase AC output power and the
second single-phase AC output power to a load,

wherein, in a first mode of operation, the interconnect circuit is configured to
conduct at least one phase of the three-phase AC input power to the first UPS subsystem
and at least one phase of the three-phase AC input power to the at least one second UPS
subsystem, and

wherein, in a second mode of operation, the interconnect circuit is configured to
disconnect the three-phase AC input power from the first UPS subsystem and to conduct
at least one phase of the three-phase AC input power to the at least one second UPS

subsystem.

2. The UPS system of claim 1, wherein, in the first mode of operation, the
interconnect circuit is configured to conduct, to the first UPS subsystem, a first phase of
the three-phase AC input power and a second phase of the three-phase AC input power
that is different than the first phase of the three-phase AC input power, and further

configured to conduct, to the at least one second UPS subsystem, the second phase of the
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three-phase AC input power and a third phase of the three-phase AC input power that is
different than each of the first and second phases of the AC input power.

3. The UPS system of claim 1, wherein each of the first single-phase AC-to-DC
converter and the second single-phase AC-to-DC converter are configured to operate
independently of each of the third single-phase AC-to-DC converter and the fourth
single-phase AC-to-DC converter.

4. The UPS system of claim 1, further comprising a controller configured to detect a
failure of the first UPS subsystem and operate the UPS system in the second mode of

operation responsive to detecting the failure of the first UPS subsystem.

5. The UPS system of claim 1, further comprising a DC power source,

wherein the first UPS subsystem includes a first input coupled to the first single-
phase AC-to-DC converter and a second input coupled to the second single-phase AC-to-
DC converter,

wherein the at least one second UPS subsystem includes a third input coupled to
the third single-phase AC-to-DC converter and a fourth input coupled to the fourth
single-phase AC-to-DC converter, and

wherein the interconnect circuit is configured to switchably connect the first input
of the first UPS subsystem to one of the DC power source and at least one phase of the
three-phase AC input power, the second input of the first UPS subsystem to one of the
DC power source and at least one phase of the three-phase AC input power, the third
input of the at least one second UPS subsystem to one of the DC power source and at
least one phase of the three-phase AC input power, and the fourth input of the at least one
second UPS subsystem to one of the DC power source and at least one phase of the three-

phase AC input power.

6. The UPS system of claim 1, wherein the first output and the second output are

coupled to each other in parallel.
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7. The UPS system of claim 1, wherein the first UPS subsystem includes a first
double-conversion UPS, and wherein the at least one second UPS subsystem includes a

second double-conversion UPS.

8. An uninterruptible power supply (UPS) system, comprising:

a first UPS subsystem having a first input, a second input, a first single-phase AC-
to-DC converter coupled to the first input, and a second single-phase AC-to-DC
converter coupled to the second input;

a second UPS subsystem having a third input, a fourth input, a third single-phase
AC-to-DC converter coupled to the third input, and a fourth single-phase AC-to-DC
converter coupled to the fourth input;

a first relay coupled to the first input and configured to be coupled to a first phase
of a three-phase AC power source;

a second relay coupled to the second input and configured to be coupled to a
second phase of the three-phase AC power source;

a third relay coupled to the third input and configured to be coupled to the second
phase of the three-phase AC power source;

a fourth relay coupled to the fourth input and configured to be coupled to a third
phase of the three-phase AC power source;

a first switch coupled at one end to a first point between the first relay and the
first input, and at an opposite end to a second point between the second relay and the
second input; and

a second switch coupled at one end to a third point between the third relay and the
third input, and at an opposite end to a fourth point between the fourth relay and the

fourth input.

0. The UPS system of claim 8, further comprising a fifth relay interposed between
the first input and the first switch, a sixth relay interposed between the second input and
the first switch, a seventh relay interposed between the third input and the second switch,

and an eighth relay interposed between the fourth input and the second switch.
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10. The UPS system of claim 9, further comprising a DC power source, wherein the
fifth relay is configured to switchably couple the first single-phase AC-to-DC converter
to one of the first input and the DC power source, wherein the sixth relay is configured to
switchably couple the second single-phase AC-to-DC converter to one of the second
input and the DC power source, wherein the seventh relay is configured to switchably
couple the third single-phase AC-to-DC converter to one of the third input and the DC
power source, and wherein the eighth relay is configured to switchably couple the fourth

single-phase AC-to-DC converter to one of the fourth input and the DC power source.

11. The UPS system of claim 10, further comprising a controller coupled to the first,
second, third, fourth, fifth, sixth, seventh and eighth relays, the first and second switches,
and the first and second UPS subsystems,

wherein, in a first mode of operation, the controller is configured to close the first,
second, third, and fourth relays to provide at least one phase of the three-phase AC input
power to the first, second, third and fourth inputs, respectively, wherein the controller is
further configured to switch the fifth relay to couple the first single-phase AC-to-DC
converter to the first input, switch the sixth relay to couple the second single-phase AC-
to-DC converter to the second input, switch the seventh relay to couple the third single-
phase AC-to-DC converter to the third input, switch the eighth relay to couple the fourth
single-phase AC-to-DC converter to the fourth input, and open the first switch and the
second switch; and

wherein, in a second mode of operation, the controller is configured to open the
first, second and third relays, open the first switch, close the fourth relay, and close the

second switch.

12. The UPS system of claim 11, wherein, in a third mode of operation, the controller
is configured to open the first and second relays, open the first and second switches, and

close the third and fourth relays.
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13. The UPS system of claim 12, wherein the controller is further configured to detect
a failure of the first UPS subsystem and operate the UPS system in one of the second and

third modes of operation in response to detecting the failure of the first UPS subsystem.

14. The UPS system of claim 10, further comprising a third switch coupled at one end

to the second point and at an opposite end to the third point.

15. The UPS system of claim 14, further comprising a controller coupled to the first,
second, third, fourth, fifth, sixth, seventh and eighth relays, the first, second and third
switches, and the first and second UPS subsystems,

wherein, in a first mode of operation, the controller is configured to close the first
relay and close the first, second and third switches to provide one phase of the three-
phase AC input power to the first, second, third and fourth inputs, respectively, wherein
the controller is further configured to switch the fifth relay to couple the first single-phase
AC-to-DC converter to the first input, switch the sixth relay to couple the second single-
phase AC-to-DC converter to the second input, switch the seventh relay to couple the
third single-phase AC-to-DC converter to the third input, switch the eighth relay to
couple the fourth single-phase AC-to-DC converter to the fourth input; and

wherein, in a second mode of operation, the controller is configured to open the
first, second and third relays, open the third switch, close the fourth relay, and close the

second switch.

16. The UPS system of claim 8, wherein the first single-phase AC-to-DC converter
includes a first 3.33KW AC-to-DC converter, wherein the second single-phase AC-to-DC
converter includes a first 1.66KW AC-to-DC converter, wherein the third single-phase
AC-to-DC converter includes a second 1.66KW AC-to-DC converter, and wherein the
fourth single-phase AC-to-DC converter includes a second 3.33KW AC-to-DC converter.

17. The UPS system of claim 16, wherein the first UPS subsystem includes a first
SKW inverter coupled to each of the first and second single-phase AC-to-DC converters,
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and wherein the second UPS subsystem includes a second SKW inverter coupled to each

of the third and fourth single-phase AC-to-DC converters.

18. A method of controlling an uninterruptible power supply (UPS) system, the
method comprising:

connecting one phase of a three-phase AC input power to a first single-phase AC-
to-DC converter of a first UPS subsystem;

connecting one phase of the three-phase AC input power to a second single-phase
AC-to-DC converter of the first UPS subsystem;

connecting one phase of the three-phase AC input power to a third single-phase
AC-to-DC converter of a second UPS subsystem;

connecting one phase of the three-phase AC input power to a fourth single-phase
AC-to-DC converter of the second UPS subsystem;

converting the three-phase AC input power into a single-phase AC output power
using each of the first, second, third and fourth AC-to-DC converters;

detecting a failure of the first UPS subsystem; and

responsive to detecting the failure of the first UPS subsystem, disconnecting the
three-phase AC input power from each of the first single-phase AC-to-DC converter and
the second single-phase AC-to-DC converter and converting at least one phase of the
three-phase AC input power into the single-phase AC output power using each of the

third and fourth single-phase AC-to-DC converters.

19. The method of claim 18, further comprising connecting a first phase of the three-
phase AC input power to the first single-phase AC-to-DC converter, connecting a second
phase of the three-phase AC input power that is different than the first phase of the three-
phase AC input power to the second single-phase AC-to-DC converter, connecting the
second phase of the three-phase AC input power to the third single-phase AC-to-DC
converter, and connecting a third phase of the three-phase AC input power that is
different than each of the first and second phases of the AC input power to the fourth
single-phase AC-to-DC converter.
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20. The method of claim 19, further comprising, responsive to detecting the failure of
the first UPS subsystem, connecting at least one of the first phase of the three-phase AC
input power and the second phase of the three-phase AC input power to each of the third
single-phase AC-to-DC converter and the fourth single-phase AC-to-DC converter.

21. The method of claim 18, further comprising connecting one phase of the three-
phase AC input power to each of the first, second, third and fourth single-phase AC-to-

DC converters.
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