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DESCRIPTION

BACKGROUND OF THE INVENTION

1. Field of Invention

[0001] Embodiments of the invention relate generally to operation of uninterruptible power
supply systems.

2. Discussion of Related Art

[0002] 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.

[0003] 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. US2011/044077 discloses a UPS system where AC
phases are fed through converters having common DC bus for all of them being in parallel to a
power source to corresponding various AC outputs. US2006/0167569 is another example of
prior art UPS system.

SUMMARY OF THE INVENTION

[0004] 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
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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.

[0005] 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. The UPS system further
comprises a DC power source. 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. 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. 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.

[0006] 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
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input power into the single-phase AC output power using each of the third and fourth single-
phase AC-to-DC converters.

[0007] 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.

[0008] 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 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

[0009] 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

[0010] Embodiments of this invention are not limited in their application to the details of
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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 be regarded as

"N "non [ H

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.

[0011] 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, 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.

[0012] 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.

[0013] 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.

[0014] 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 of the AC input 102 (e.g., phase A, B or C) into



DK/EP 2815495 T3

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.

[0015] 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.

[0016] 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.

[0017] 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 5KW 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 5KW 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., 5KW per UPS subsystem), depending on
the operating mode of the UPS 100, which is described below.

[0018] 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
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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.

[0019] 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.

[0020] 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 5KW and UPS subsystem 112 generates another 5KW, for a total
power output of 105KW when both UPS subsystems 111, 112 are operational. When operating
in line mode (i.e., drawing power from the AC input 102), the 105KW 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 105KW 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.

Table 1 - Three-phase input, single-phase output, two UPS subsystems.

Relay
171

Relay
172

Relay
173

Relay
174

Switch
181

Switch
182

Switch
183

UPS

C

C

C

C

)

C

O

subsystems
111 & 112

UPS O @) O C O O C
subsystem 112
only (using 1
phase input)
UPS O @)
subsystem 112
(using 2 phase
input)

C=Closed; O=0Open.

[0021] 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
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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. 1t 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.

[0022] 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 5KW 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 (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.

[0023] 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.

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

I 11 power

output

UPS subsystem 0 1.66KW | 3.33KW 0 0 SKW

112 power

output

Total load/phase | 3.33KW | 333KW | 3.33KW 0 0 SKW

MAatal ~Asnbaiie 1ATXRY [-4 7k $ 94
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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 outpiit 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.

[0024] The UPS 100 of FIG. 2 can be further configured to operate in single-phase AC input
operation, as shown in Table 3 below.
Table 3 - Single-phase input (Phase C), single-phase output. C=Closed; O=0Open.

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

[0025] 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.

[0026] 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.
Table 4 - Total power output for UPS having two 5KVA subsystems, single phase input.

UPS 100 Output Power UPS subsystems 111 & 112 operational

Phase A Power { Phase B Power { Phase C Power
UPS subsystem 111 power 0 0 5KW
output
UPS subsystem 112 power 0 0 5KW
output
Total load/phase 0 0 10KW

Total output 10KW

[0027] 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.
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[0028] 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.

[0029] 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 5KW 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 is up to 15KW
(i.e., SKW per UPS subsystem), depending on the operating mode of the UPS 100, which is
described below.

[0030] 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, 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.

[0031] 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.

[0032] 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 5KW, UPS subsystem 112 generates another 5KW, and UPS
subsystem 113 generates another 5KW for a total power output of 15KW 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
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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.
Table 5 - Three-phase input, single-phase output, three UPS subsystems.

Relay { Relay § Relay { Relay { Relay § Relay § Switch § Switch § Switch
171 172 { 173 { 174 § 175 { 176 181 183 184
UPS C O C @ C O C C C
Subsystems
11,112 &
113
UPS O O C C C C @) O O
Subsystems
112 & 113
only
C=Closed; O=Open.

[0033] 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.

[0034] 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 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.

[0035] As shown in Table 5 above, the relays 171, 172, 173, 174 and switches 181, 183, 184
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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.

Table 6 - Total power output for UPS having three 5KVA subsystems.

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

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

Power Power Power Power Power Power

UPS subsystems 5KW 0 0 0 0 0
111 power output
UPS subsystem 0 5KW 5KW 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 5KW 5KW 5KW 3.33KW § 3.33KW §{ 3.33KW
Total output 15KW 10KW
C=Closed; O=0Open.

[0036] 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.

[0037] 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 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.

[0038] 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 5KW 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., 5KW per UPS subsystem), depending on the operating mode of the
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UPS 100, which is described below.

[0039] 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.

[0040] 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.

[0041] 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 5KW, UPS subsystem 112 generates another 5KW, UPS subsystem
113 generates another 5KW, and UPS subsystem 114 generates yet another 5KW 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.

Table 7 - Three-phase input, single-phase output, four UPS subsystems.

R R R R R R R Ri{ S S S| S
171 §172 {173 {174 {175 {176 { 177 {178 { 181 {183 {184 { 185
UPS cicjycycyc;ycicyciojoyo34o0
subsystems
111, 112,
113 & 114
UPS oco{ojycjojciojycjojo;jcyicyc
subsystems
112, 113 &
114 only
C=Closed; O=0Open.
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[0042] 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 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.

[0043] 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.

[0044] 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.

Table 6 - Total power output for UPS having four 5KVA subsystems.
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UPS 100 Output { UPS subsystems 111, 112 & UPS subsystems 112 & 113
Power 113 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 5KW 0

112 power output

UPS subsystem 1.66KW 0 3.33KW 0 0 S5KW

113 power output

UPS subsystem 1.66KW §{ 3.33KW 0 S5KW 0 0

114 power output

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

Total output 20KW 15KW

C=Closed; O=0Open.

[0045] 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.

[0046] 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.

[0047] 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, 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
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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.

[0048] 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.

[0049] 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 may be within the
scope of the invention, which is defined by the appended claim. 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.
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KRAV

Et afbrydelsesfrit stramforsyningssystem (UPS) (100), omfattende:

et sammenkoblet kredslgb (120) konfigureret til at modtage trefaset AC-indgangseffekt
fra en trefaset AC-strgmkilde (102);

et farste UPS-undersystem (110, 111) koblet til det sammenkoblede kredslab (120) og
med en forste enfaset AC-til-DC-konverter, en anden enfaset AC-til-DC-konverter og en
farste inverter koblet til de farste og anden enfasede AC-til-DC-konvertere og
konfigureret til at sikre en farste enfaset AC-udgangseffekt til en farste udgang, det
ferste UPS-undersystem er konfigureret til at konvertere mindst en fase af den
trefasede AC-indgangseffekt til den farste enfasede AC-udgangseffekt;

mindst et andet UPS-undersystem (110, 112) koblet til det sammenkoblede kredslgb
(120) og med en tredje enfaset AC-til-DC-konverter, en fierde enfaset AC-til-DC-
konverter og en anden inverter koblet til de tredje og fierde enfasede AC-til-DC-
konvertere og konfigureret til at sikre en anden enfaset AC-udgangseffekt til en anden
udgang, det mindst andet UPS-undersystem er konfigureret til at konvertere mindst en
fase af den trefasede AC-indgangseffekt til den anden enfasede AC-udgangseffekt; og
en tredje udgang koblet til den farste udgang og den anden udgang, den tredje udgang
er konfigureret til at sikre en kombination af den fgrste enfasede AC-udgangseffekt og
den anden enfasede AC-udgangseffekt til en belastning,

hvor, i en ferste driftstilstand, det sammenkoblede kredslgb (120) er konfigureret til at
udfgre mindst en fase af den trefasede AC-indgangseffekt til det farste UPS-
undersystem og mindst en fase af den trefasede AC-indgangseffekt til det mindst ene
andet UPS-undersystem, og

hvor, i en anden driftstilstand, det sammenkoblede kredslgb (120) er konfigureret til at
afbryde den trefasede AC-indgangseffekt fra det forste UPS-undersystem og til at
udfere mindst en fase af den trefasede AC-indgangseffekt til det mindst ene andet
UPS-undersystem,

hvor UPS-systemer derudover omfatter en DC-strgmkilde,

hvor det fgrste UPS-undersystem omfatter en farste indgang koblet til den farste
enfasede AC-til-DC-konverter og en anden indgang koblet til den anden enfasede AC-
til-DC-konverter,

hvor det mindst andet UPS-undersystem omfatter en tredje indgang koblet til den tredje
enfasede AC-til-DC-konverter og en fierde indgang koblet til den fierde enfasede AC-til-
DC-konverter, og

hvor det sammenkoblede kredslgb er konfigureret til pa skift at forbinde den ferste
indgang i det farste UPS-undersystem til en af DC-stramkilden og mindst en fase i den

trefasede AC-indgangseffekt, den anden indgang i det farste UPS-undersystem til en af
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DC-stramkilden og mindst en fase i den trefasede AC-indgangseffekt, den tredje
indgang i det mindst ene andet UPS-undersystem til en af DC-stremkilden og mindst en
fase i den trefasede AC-indgangseffekt, og den fjerde indgang i mindst et andet UPS-
undersystem til en af DC-stremkilden og mindst en fase i den trefasede AC-

indgangseffekt.

UPS-systemet ifglge krav 1, hvor, i den farste driftstilstand, det sammenkoblede
kredslab er konfigureret til at udfare, til det farste UPS-undersystem, en farste fase i
den trefasede AC-indgangseffekt og en anden fase i den trefasede AC-indgangseffekt,
som er forskellig fra den farste fase i den trefasede AC-indgangseffekt, og derudover
konfigureret til at udfere, til det mindst ene andet UPS-system, den anden fase i den
trefasede AC-indgangseffekt og en tredje fase i den trefasede AC-indgangseffekt, som

er forskellig fra hver af den f@rste og anden fase i AC-indgangseffekten.

UPS-systemet ifalge krav 1, hvor hver af den farste enfasede AC-til-DC-konverter og
den anden enfasede AC-til-DC-konverter er konfigureret til at fungere uathaengigt af
hver af den tredje enfasede AC-til-DC-konverter og den fijerde enfasede AC-til-DC-

konverter.

UPS-systemet ifglge krav 1, derudover omfattende en kontroller konfigureret til at
registrere en fejl i det farste UPS-undersystem og betjene UPS-systemet i den anden

driftstilstand, som reagerer pa registreringen af fejlen i det ferste UPS-undersystem.

Et afbrydelsesfrit stremforsyningssystem (UPS), som defineret i krav 1, hvor det
sammenkoblede kredslab omfatter:

et farste relae koblet til den farste indgang og konfigureret til at blive koblet til den farste
fase i en trefaset AC-stremkilde;

et andet relae koblet til den anden indgang og konfigureret til at blive koblet til den
anden fase i en trefaset AC-stremkilde;

et tredje relae koblet til den tredje indgang og konfigureret til at blive koblet til den anden
fase i en trefaset AC-strgmkilde;

et fierde relae koblet til den fierde indgang og konfigureret til at blive koblet til den tredje
fase i en trefaset AC-strgmkilde;

en farste kontakt koblet til en ende til et farste punkt mellem det farste relee og den
farste indgang, og ved en modsat ende til et andet punkt mellem det andet relae og den
anden indgang; og

en anden kontakt koblet til en ende til et tredje punkt mellem det tredje relee og den

tredje indgang, og ved en modsat ende til et fierde punkt mellem det fierde relee og den
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fierde indgang.

UPS-systemet ifglge krav 5, derudover omfattende et femte relae indsat mellem den
farste indgang og den farste kontakt, et sjette relae indsat mellem den anden indgang
og den forste kontakt, et syvende relee indsat mellem den tredje indgang og den anden

kontakt, og et ottende relze indsat mellem den fjerde indgang og den anden kontakt.

UPS-systemet ifglge krav 6, derudover omfattende en DC-strgmkilde, hvor det femte
relse er konfigureret til pa skift at koble den farste enfasede AC-til-DC-konverter til en af
den ferste indgang og DC-stremkilden, hvor det sjette relae er konfigureret til pa skift at
koble den anden enfasede AC-til-DC-konverter til en af den anden indgang og DC-
stremkilden, hvor det syvende relaes er konfigureret til pa skift at koble den tredje
enfasede AC-til-DC-konverter til en af den tredje indgang og DC-stremkilden, og hvor
det ottende relze er konfigureret til pa skift at koble den fierde enfasede AC-til-DC-

konverter til en af den fjerde indgang og DC-stremkilden.

UPS-systemet ifglge krav 7, derudover omfattende en kontroller koblet til de farste,
anden, tredje, fierde, femte, sjette, syvende og ottende relaeer, de farste og anden
kontakter, og de farste og anden UPS-undersystemer,

hvor, i en farste driftstilstand, kontrolleren er konfigureret til at lukke de farste, anden,
tredje og fijerde relaeer for at sikre mindst en fase af den trefasede AC-indgangseffekt il
hhv. de fagrste, anden, tredje og fijerde indgange, hvor kontrolleren derudover er
konfigureret til at skifte det femte relee til at koble den farste enfasede AC-til-DC-
konverter til den fgrste indgang, skifte det sjette relee til at koble den anden enfasede
AC-til-DC-konverter til den anden indgang, skifte det syvende relee til at koble den
tredje enfasede AC-til-DC-konverter til den tredje indgang, skifte det ottende relee til at
koble den fjerde enfasede AC-til-DC-konverter til den fjerde indgang og abne den farste
kontakt og den anden kontakt; og

hvor, i en anden driftstilstand, kontrolleren er konfigureret til at &bne de farste, anden og
tredje relacer, abne den farste kontakt, lukke det fierde relae og lukke den anden
kontakt.

UPS-systemet ifglge krav 8, hvor, i en tredje driftstilstand, kontrolleren er konfigureret til
at abne de farste og anden relaeer, abne de farste og anden kontakter og lukke de

tredje og fierde relaeer.

UPS-systemet ifglge krav 9, hvor kontrolleren derudover er konfigureret til at registrere

en fejl i det ferste UPS-undersystem og betjene UPS-systemet i en af den anden og
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tredje driftstilstand som reaktion pa registreringen af fejlen i det forste UPS-

undersystem.

UPS-systemet ifglge krav 7, derudover omfattende en tredje kontakt koblet i en ende til
det andet punkt og i en modsat ende til det tredje punkt og en kontroller koblet til de
farste, anden, tredje, fierde, femte, sjette, syvende og ottende relaeer, de farste, anden
og tredje kontakter, og de farste og anden UPS-undersystemer,

hvor, i en farste driftstilstand, kontrolleren er konfigureret til at lukke det farste relae og
lukke de farste, anden og tredje kontakter for at sikre en fase af den trefasede AC-
indgangseffekt til hhv. de ferste, anden, tredje og fjerde indgange, hvor kontrolleren
derudover er konfigureret til at skifte det femte relze til at koble den fgrste enfasede AC-
til-DC-konverter til den forste indgang, skifte det sjette relae til at koble den anden
enfasede AC-til-DC-konverter til den anden indgang, skifte det syvende relee til at koble
den tredje enfasede AC-til-DC-konverter til den tredje indgang, skifte det ottende relee il
at koble den fierde enfasede AC-til-DC-konverter til den fjerde indgang; og

hvor, i en anden driftstilstand, kontrolleren er konfigureret til at abne de farste, anden og
tredje relaeer, abne den tredje kontakt, lukke det fierde relee og lukke den anden
kontakt.

En metode til styring af et afbrydelsesfrit stramforsyningssystem (UPS) som defineret i
ethvert af foregdende krav, metoden omfatter:

tilslutning af en fase i en trefaset AC-indgangseffekt til den fgrste enfasede AC-til-DC-
konverter i det fgrste UPS-undersystem;

tilslutning af en fase i den trefasede AC-indgangseffekt til den anden enfasede AC-til-
DC-konverter i det farste UPS-undersystem;

tilslutning af en fase i den trefasede AC-indgangseffekt til den tredje enfasede AC-til-
DC-konverter i det andet UPS-undersystem;

tilslutning af en fase i den trefasede AC-indgangseffekt til den fierde enfasede AC-til-
DC-konverter i det andet UPS-undersystem;

konvertering af den trefasede AC-indgangseffekt til en enfaset AC-udgangseffekt ved
hjeelp af hver af de farste, anden, tredje og fijerde AC-til-DC-konvertere;

registrering af en fejl i det farste UPS-undersystem; og

reagerende pa registrering af fejlen i det farste UPS-undersystem, afbrydelse af den
trefasede AC-indgangseffekt fra hver af de farste enfasede AC-til-DC-konverter og den
anden enfasede AC-til-DC-konverter og konvertering af mindst en fase i den trefasede
AC-indgangseffekt til den enfasede AC-udgangseffekt ved hjaelp af hver af de tredje og
fierde enfasede AC-til-DC-konvertere.
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Metoden ifolge krav 12, derudover omfattende tilslutning af en farste fase i den
trefasede AC-indgangseffekt til den farste enfasede AC-til-DC-konverter, tilslutning af
en anden fase i den trefasede AC-indgangseffekt, som er forskellig fra den farste fase i
den trefasede AC-indgangseffekt i forhold til den anden enfasede AC-til-DC-konverter,
tilslutning af den anden fase i den trefasede AC-indgangseffekt til den tredje enfasede
AC-til-DC-konverter, og tilslutning af en tredje fase i den trefasede AC-indgangseffekt,
som er forskellig fra hver af de ferste og anden faser i AC-indgangseffekt i forhold til

den fierde enfasede AC-til-DC-konverter.

Metoden ifelge krav 13, derudover omfattende, som reaktion pa registrering af fejlen i
det farste UPS-undersystem, tilslutning af mindst en af den fgrste fase i den trefasede
AC-indgangseffekt og den anden fase i den trefasede AC-indgangseffekt til hver af den
tredje enfasede AC-til-DC-konverter og den fierde enfasede AC-til-DC-konverter.

MURG * 128846
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