wo 2015/165121 A1 |JIN I 00O O 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 2015/165121 A1l

5 November 2015 (05.11.2015) WIPO I PCT
(51) International Patent Classification: (81) Designated States (uniess otherwise indicated, for every
H02J 9/06 (2006.01) H02J 7/02 (2006.01) kind of national protection available): AE, AG, AL, AM,
. L AO, AT, AU, AZ, BA, BB, BG, BH, BN, BR, BW, BY,
(21) International Application Number: BZ, CA, CH, CL, CN, CO, CR, CU, CZ, DE, DK, DM,
PCT/CN2014/076696 DO, DZ. EC, EE, EG, ES, FI, GB, GD, GE, GH, GM, GT,
(22) International Filing Date: HN, HR, HU, ID, IL, IN, IR, IS, JP, KE, KG, KN, KP, KR,
2 May 2014 (02.05.2014) KZ, LA, LC, LK, LR, LS, LT, LU, LY, MA, MD, ME,
. MG, MK, MN, MW, MX, MY, MZ, NA, NG, NI, NO, NZ,
(25) Filing Language: English OM, PA, PE, PG, PH, PL, PT, QA, RO, RS, RU, RW, SA,
(26) Publication Language: English SC, SD, SE, SG, SK, SL, SM, ST, SV, SY, TH, TJ, T™M,
TN, TR, TT, TZ, UA, UG, US, UZ, VC, VN, ZA, ZM,
(71) Applicant: SCHNEIDER ELECTRIC IT CORPORA- ZW.
TION [US/US]; 132 Fairgrounds Road, West Kingston, . o
Rhode Island 02892 (US). (84) Designated States (uniess otherwise indicated, for every
kind of regional protection available): ARIPO (BW, GH,
(72) Inventor; and GM, KE, LR, LS, MW, MZ, NA, RW, SD, SL, SZ, TZ,
(71)  Applicant (for US only): LL, Bo [CN/CN]; 4F, Building 9, UG, ZM, ZW), Eurasian (AM, AZ, BY, KG, KZ, RU, TJ,
No0.3000, Long Dong Avenue, Pu Dong, Shanghai 201203 TM), European (AL, AT, BE, BG, CH, CY, CZ, DE, DK,
(CN). EE, ES, FL, FR, GB, GR, HR, HU, IE, IS, IT, LT, LU, LV,
(72) Tnventors: CHIANG, Wei-Shih; 8F, Building 9, No.3000, MC, MK, MT, NL, NO, PL, PT, RO, RS, SE, SI, SK, SM,
Long Dong Avenue, Pu Dong, Shanghai 201203 (CN). TR), OAPI (BF, B, CF, CG, CL, CM, GA, GN, GQ, GW,
g ong Cong ghat - KM, ML, MR, NE, SN, TD, TG).
KLIKIC, Damir; 211 Bishops Forest Drive, Waltham, > ’ O
Massachusetts 02452 (US). JIANG, Zhigiang; 8F, Build- Declarations under Rule 4.17:
21110g1 29631\20@3\890, Long Dong Avenue, Pu Dong, Shanghai of inventorship (Rule 4.17(iv))
(74) Agent: AFD CHINA INTELLECTUAL PROPERTY [ Ublished:
LAW OFFICE; Suite B 1601A, 8 Xue Qing Rd., Haidian, —  with international search report (Art. 21(3))
Beijing 100192 (CN).
(54) Title: DC LINK VOLTAGE CONTROL

218

/N
N /
T Dl D
Ly .Y I
] e Gay. Sl Vhus-B5: Eat M 240V
$
i 222 q 224 i

228
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the converter (104) to regulate the DC voltage level based on the input voltage level and the output AC power level.
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DC LINK VOLTAGE CONTROL

BACKGROUND OF INVENTION

1. Field of Invention

The present invention relates generally to systems and methods for controlling an

uninterruptible power supply (UPS).

2. Discussion of Related Art

The use of power devices, such as uninterruptible power supplies (UPS), to provide
regulated, uninterrupted power for sensitive and/or critical loads, such as computer systems
and other data processing systems, is known. Known uninterruptible power supplies include
on-line UPS’s, off-line UPS’s, line interactive UPS’s as well as others. On-line UPS’s
provide conditioned AC power as well as back-up AC power upon interruption of a primary
source of AC power. Off-line UPS’s typically do not provide conditioning of input AC
power, but do provide back-up AC power upon interruption of the primary AC power source.
Line interactive UPS’s are similar to oft-line UPS’s in that they switch to battery power when

a blackout occurs.

SUMMARY OF INVENTION

At least one aspect of the invention is directed to an Uninterruptible Power Supply
(UPS) system, the UPS system comprising an input configured to receive input power having
an input voltage level, an output configured to provide output AC power to a load, a
converter coupled to the input and configured to convert the input power into DC power
having a DC voltage level, a DC bus coupled to the converter and configured to receive the
DC power, an inverter coupled to the DC bus and configured to convert the DC power from
the DC bus into the output AC power and provide the output AC Power to the output, and a
controller configured to monitor the input voltage level, monitor a level of the output AC
power, and operate the converter to regulate the DC voltage level based on the input voltage
level and the output AC power level.

According to one embodiment, the controller is further configured to adjust the DC
voltage level based on the input voltage level and the output AC power level. In another
embodiment, the controller is further configured to determine whether the input voltage level

is less than an input voltage threshold level. In one embodiment, in response to determining



10

15

20

25

30

WO 2015/165121 PCT/CN2014/076696
2

that the input voltage is greater than the input voltage threshold level, the controller is further
configured to regulate the DC voltage level to a maximum DC voltage level.

According to another embodiment, the controller is further configured to determine
whether the output AC power level is less than an output power threshold level. In one
embodiment, in response to determining that the input voltage level is less than the input
voltage threshold level and the output AC power level is less than the output power threshold
level, the controller is further configured to decrease the DC voltage level. In another
embodiment, in response to determining that the output AC power level is less than the
output power threshold level by a first amount, the controller is further configured to decrease
the DC voltage level to a first reduced level. In another embodiment, in response to
determining that the output AC power level is less than the output power threshold level by a
second amount greater than the first amount, the controller is further configured to decrease
the DC voltage level to a second reduced level.

According to one embodiment, in response to determining that the output AC power
level is greater than the output power threshold level, the controller is further configured to
regulate the DC voltage level to a maximum DC voltage level. In one embodiment, the input
is further configured to receive input AC power and the converter is further configured to
convert the input AC power into the DC power. In another embodiment, in monitoring the
input voltage level the controller is further configured to determine an RMS voltage of the
input power.

Another aspect of the invention is directed to a method for operating a UPS system,
the method comprising receiving, at an input of the UPS system, input power having an input
voltage level, converting the input power into DC power having a DC voltage level,
providing the DC power to a DC bus, converting the DC power into output AC power,
providing the output AC power to an output of the UPS system, and regulating the DC
voltage level based on the input voltage level and a level of the output AC power.

According to one embodiment, regulating comprises monitoring the input voltage
level, monitoring the output AC power level, and adjusting the DC voltage level based on the
input voltage level and the output AC power level. In one embodiment, monitoring the input
voltage level comprises determining whether the input voltage level is less than an input
voltage threshold level. In another embodiment, adjusting the DC voltage level comprises, in
response to determining that the input voltage is greater than the input voltage threshold level,

regulating the DC voltage level to a maximum DC voltage level.
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According to another embodiment, monitoring the output AC power level comprises
determining whether the output AC power level is less than an output power threshold level.
In one embodiment, adjusting the DC voltage level comprises, in response to determining
that the input voltage level is less than the input voltage threshold level and the output AC
power level is less than the output power threshold level, decreasing the DC voltage level. In
another embodiment, decreasing the DC voltage level comprises in response to determining
that the output AC power level is less than the output power threshold level by a first amount,
decreasing the DC voltage level to a first reduced level, and in response to determining that
the output AC power level is less than the output power threshold level by a second amount
greater than the first amount, decreasing the DC voltage level to a second reduced level.

According to one embodiment, adjusting the DC voltage level comprises, in response
to determining that the output AC power level is greater than the output power threshold level,
regulating the DC voltage level to a maximum DC voltage level.

One aspect of the invention is directed to an Uninterruptible Power Supply (UPS)
system, the UPS system comprising an input configured to receive input power having an
input voltage level, an output configured to provide output AC power to a load, a converter
coupled to the input and configured to convert the input power into DC power having a DC
voltage level, a DC bus coupled to the converter and configured to receive the DC power, an
inverter coupled to the DC bus and configured to convert the DC power from the DC bus into
output AC power and provide the output AC power to the output, and means for regulating
the DC voltage level based on the input voltage level and a level of the output AC power to

increase efficiency of the UPS system.

BRIEF DESCRIPTION OF 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 a UPS system according to aspects of the current
invention;

FIG. 2 is a flow chart illustrating a process for operating a UPS system according to

one aspect of the present invention; and
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FIG. 3 is a block diagram of a system upon which various embodiments of the invention

may be implemented.

DETAILED DESCRIPTION

Examples of the methods and systems discussed herein are not limited in application
to the details of construction and the arrangement of components set forth in the following
description or illustrated in the accompanying drawings. The methods and systems are
capable of implementation in other embodiments and of being practiced or of being carried
out in various ways. Examples of specific implementations are provided herein for
illustrative purposes only and are not intended to be limiting. In particular, acts, components,
elements and features discussed in connection with any one or more examples are not
intended to be excluded from a similar role in any other examples.

Also, the phraseology and terminology used herein is for the purpose of description
and should not be regarded as limiting. Any references to examples, embodiments,
components, elements or acts of the systems and methods herein referred to in the singular
may also embrace embodiments including a plurality, and any references in plural to any
embodiment, component, element or act herein may also embrace embodiments including
only a singularity. References in the singular or plural form are not intended to limit the

presently disclosed systems or methods, their components, acts, or elements. The use herein

2% <C 2% 2% ¢

of “including,” “comprising,” “having,” “containing,” “involving,” and variations thereof is
meant to encompass the items listed thereafter and equivalents thereof as well as additional
items. References to “or” may be construed as inclusive so that any terms described using
“or” may indicate any of a single, more than one, and all of the described terms. In addition,
in the event of inconsistent usages of terms between this document and documents
incorporated herein by reference, the term usage in the incorporated references is
supplementary to that of this document; for irreconcilable inconsistencies, the term usage in
this document controls.

As discussed above, power devices, such as uninterruptible power supplies (UPS) are
oftentimes used to provide regulated, uninterrupted power to sensitive and/or critical loads.
An online UPS typically includes a front end AC/DC PFC converter, a DC/AC inverter, and a
DC bus coupled between the converter and the inverter. The front end AC/DC PFC converter
receives input AC power from a power source, converts the input AC power into DC power

and provides the DC power to the DC bus. The DC bus provides the DC power to the
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DC/AC inverter, the DC/AC inverter converts the DC power into regulated AC power, and
the regulated AC power is provided to a load coupled to the output of the UPS.

The voltage of the DC bus is generally regulated, by the AC/DC PFC converter, to a
fixed value (e.g., 380V or higher) regardless of the load currently being powered by the UPS.
The AC/DC converter typically requires the voltage level of the DC bus to be higher than the
AC/DC converter’s maximum input peak value. As such, the voltage level of the DC bus is
commonly regulated to a fixed level higher than, or equal to, the maximum input peak value
of the AC/DC converter.

Maintaining the voltage level of the DC bus at a fixed level regardless of the load
currently being powered by the UPS may result in the UPS having an unnecessarily low
efficiency level. For example, the switching losses of the AC/DC converter and the DC/AC
inverter are proportional to the DC bus voltage. The higher the DC bus voltage, the lower the
total efficiency of the UPS. If power provided by the UPS to the load is reduced, but the
voltage level of the DC bus is maintained at a fixed level (which is beyond a level required to
provide the reduced power to the load), the efficiency of the UPS will be unnecessarily
maintained at, or below, the low level related to the fixed DC bus voltage, despite the
reduction in load power.

Accordingly, a system and method is provided that monitors the input voltage and the
load of a UPS and regulates the DC bus voltage level based on the input voltage and the load
of the UPS. In some embodiments, the DC bus voltage is regulated to a lower value if the
input voltage and the load are lower than predetermined threshold values. By lowering the
DC bus voltage level when the input voltage and the load are lower than predetermined
threshold values, the efficiency of the UPS may be increased while providing the required
reduced power to the load.

FIG. 1 is a block diagram of an online UPS 100 according to one aspect of the present
invention. The UPS 100 includes an input 102, a converter 104, a DC bus 106, an inverter
108, an output 110, a battery 112, and a controller 114. The input 102 is coupled to the
converter 104. The DC bus 106 is coupled between the converter 104 and the inverter 108.
The output 110 is coupled to the inverter 108. The controller 114 is coupled to the input 102,
the output 110, the converter 104, the DC bus 106, and the inverter 108. The battery is
coupled to the converter 104.

The input 102 is configured to be coupled to an AC mains power source and to

receive input AC power having an input voltage level. The UPS 100 is configured to operate
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in different modes of operation based on the status of the AC power provided to the input 102.
When AC power provided to the input 102 is acceptable (i.e., above an input power
threshold), the UPS 100 operates in a normal mode of operation. In the normal mode of
operation, AC power from the input 102 is provided to the converter 104. According to one
embodiment, the converter 104 is a Power Factor Correction converter 104; however, in other
embodiments, other types of converters may be utilized. The converter 104 converts the AC
power into DC power and provides the DC power to the DC bus 106. In one embodiment,
DC power is also provided from the converter 104 to the battery to charge the battery 112. In
the normal mode of operation, the inverter 108 receives DC power from the DC bus 106,
converts the DC power into regulated AC power, and provides regulated AC power to a load
coupled to the output 110.

When AC power provided to the input 102 is not acceptable (i.e., below an input
power threshold), the UPS 100 operates in a backup mode of operation. In the backup mode
of operation, DC power from the battery 112 is regulated by the converter 104 and provided
to the DC bus 106. The inverter 108 receives the DC power from the DC bus 106, converts
the DC power into regulated AC power, and provides the regulated AC power to the output
110.

In the normal mode of operation, the controller 114 monitors the input voltage level at
the input 102 and the output power provided to the load via the output 110. Based on the
input voltage and the output power, the controller 114 operates the converter 104 to regulate
the voltage level of the DC bus 106. If the controller 114 determines that the input voltage
and the output power are less than predetermined threshold values, the controller 114
operates the converter 114 to reduce the voltage level of the DC bus 106, thereby increasing
the efficiency of the UPS 100 while still providing the required power to the load.

In at least one embodiment, the controller 114 monitors the input AC voltage to
ensure that the peak input voltage of the UPS 100 does not exceed the DC voltage level of the
DC bus 106. If the peak input voltage exceeds the DC voltage level of the DC bus 106, the
converter 104 may be bypassed resulting in an undesired input inrush current to the UPS 100.
The controller 114 also monitors the output power provided to the load via the output 110 to
determine if it is acceptable to reduce the voltage level of the DC bus 106 while still
providing the required output power. Operation of the controller 114 is discussed in greater

detail below.
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FIG. 2 is a flow chart illustrating a process 200 for operating the UPS system 100
according to one aspect of the present invention. At block 202, the converter 104 receives
AC input power (including input AC voltage) from an AC source via the input 102. The
converter 104 converts the AC power into DC power and provides the DC power to the DC
bus 106. The DC power is provided to the inverter 108 and the inverter 108 converts the DC
power into AC output power. The AC output power is provided to a load coupled to the
output 110.

At block 204, the controller 114 operates the converter 104 to regulate the DC voltage
level of the DC bus 106 to a maximum DC bus voltage level. In one embodiment, the
maximum DC bus voltage level is 380V; however, in other embodiments, the maximum DC
bus voltage level may be defined differently.

At block 206, the controller 114 monitors the input AC voltage and measures the
input RMS (Root Mean Square) voltage at the input 102. The controller 114 determines
whether the input RMS voltage is less than a predetermined input voltage threshold level. In
one embodiment, the input voltage threshold level is 240VAC; however, in other
embodiments, the input voltage threshold level may be defined differently. In response to a
determination that the input RMS voltage is greater than the predetermined input voltage
threshold level (e.g., 240VAC), the controller 114 operates the converter 104 to regulate the
DC voltage level of the DC bus 106 to the maximum DC bus voltage level (e.g., 380V).

At block 208, in response to a determination that the input RMS voltage is less than
the predetermined input voltage threshold level (e.g., 240VAC), the controller 114 monitors
the output power provided to the load coupled to the output 110 and determines if the output
power is at a level between 75 and 100 percent of a maximum output power level. At block
218, in response to a determination that the output power is at a level between 75 and 100
percent of the maximum output power level, the controller 114 operates the converter 104 to
regulate the DC voltage level of the DC bus 106 to the maximum DC bus voltage level (e.g.,
380V).

At block 210, in response to a determination that the output power is not at a level
between 75 and 100 percent of the maximum output power level, the controller 114
determines if the output power provided to the load coupled to the output 110 is at a level
between 50 and 75 percent of the maximum output power level. At block 220, in response to
a determination that the output power is at a level between 50 and 75 percent of the maximum

output power level, the controller 114 operates the converter 104 to regulate the DC voltage
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level of the DC bus 106 to a first reduced DC bus voltage level. In one embodiment, the first
reduced DC bus voltage level is 370V; however, in other embodiments, the first reduced DC
bus voltage level may be defined differently.

At block 212, in response to a determination that the output power is not at a level
between 50 and 75 percent of the maximum output power level, the controller 114 determines
if the output power provided to the load coupled to the output 110 is at a level between 30
and 50 percent of the maximum output power level. At block 222, in response to a
determination that the output power is at a level between 30 and 50 percent of the maximum
output power level, the controller 114 operates the converter 104 to regulate the DC voltage
level of the DC bus 106 to a second reduced DC bus voltage level. In one embodiment, the
second reduced DC bus voltage level is 360V; however, in other embodiments, the second
reduced DC bus voltage level may be defined differently.

At block 214, in response to a determination that the output power is not at a level
between 30 and 50 percent of the maximum output power level, the controller 114 determines
if the output power provided to the load coupled to the output 110 is at a level between 10
and 30 percent of the maximum output power level. At block 224, in response to a
determination that the output power is at a level between 10 and 30 percent of the maximum
output power level, the controller 114 operates the converter 104 to regulate the DC voltage
level of the DC bus 106 to a third reduced DC bus voltage level. In one embodiment, the
third reduced DC bus voltage level is 350V; however, in other embodiments, the third
reduced DC bus voltage level may be defined differently.

At block 216, in response to a determination that the output power is not at a level
between 10 and 30 percent of the maximum output power level, the controller 114 determines
if the output power provided to the load coupled to the output 110 is at a level less than or
equal to 10 percent of the maximum output power level. At block 226, in response to a
determination that the output power is at a level less than or equal to 10 percent of the
maximum output power level, the controller 114 operates the converter 104 to regulate the
DC voltage level of the DC bus 106 to a fourth reduced DC bus voltage level. In one
embodiment, the fourth reduced DC bus voltage level is 340V, however, in other
embodiments, the fourth reduced DC bus voltage level may be defined differently.

At block 204, in response to a determination that the output power is not at a level less

than or equal to 10 percent of the maximum output power, the controller 114 operates the
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converter 104 to regulate the DC voltage level of the DC bus 106 to the maximum DC bus
voltage level (e.g., 380V).

At block 228, after the DC voltage level of the DC bus 106 has been regulated to a
desired level based on the output power of the UPS 100 (e.g., at blocks 218-226), the
controller determines if the output power of the UPS 100 has changed. In response to a
determination that the output power of the UPS 100 has changed, the controller again
determines how much the output power has changed (e.g., at blocks 208-216) and adjusts (i.e.,
either increases or decreases) the DC voltage level of the DC bus 100 accordingly (e.g., at
blocks 218-226). At block 230, in response to a determination that the output power of the
UPS 100 has not changed, controller 114 continues to operate the converter 104 to regulate
the DC voltage level of the DC bus 106 to the desired level.

According to one embodiment, the controller 114 also determines if the load coupled
to the UPS is too unstable to adjust the DC bus voltage level. For example, in one
embodiment, the controller 114 monitors the number of times the output power provided by
the UPS 100 to the load changes in a set period of time. If the controller 114 determines that
the output power of the UPS 100 has changed more than a threshold number of times, the
controller 114 prevents adjustment of the DC bus voltage level until the output power of the
UPS 100 stabilizes.

By adjusting the DC voltage level of the DC bus 100 based on the input RMS voltage
and the output power of the UPS 100, the efficiency of the UPS 100 may be increased. For
example, if the input RMS voltage and the output power of the UPS 100 are both below
predetermined threshold levels, the DC voltage level of the DC bus 100 may be reduced to a
level sufficient to provide the required reduced output power, but at which the efficiency of
the UPS 100 is also increased.

FIG. 3 illustrates an example block diagram of computing components forming a
system 300 which may be configured to implement one or more aspects disclosed herein. For

example, the system 300 may be communicatively coupled to or included within the UPS 100.

The system 300 may include for example a general-purpose computing platform such
as those based on Intel PENTIUM-type processor, Motorola PowerPC, Sun UltraSPARC,
Texas Instruments-DSP, Hewlett-Packard PA-RISC processors, or any other type of
processor. System 300 may include specially-programmed, special-purpose hardware, for

example, an application-specific integrated circuit (ASIC). Various aspects of the present
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disclosure may be implemented as specialized software executing on the system 300 such as
that shown in FIG. 3.

The system 300 may include a processor/ASIC 306 connected to one or more memory
devices 310, such as a disk drive, memory, flash memory or other device for storing data.
Memory 310 may be used for storing programs and data during operation of the system 300.
Components of the computer system 300 may be coupled by an interconnection mechanism
308, which may include one or more buses (e.g., between components that are integrated
within a same machine) and/or a network (e.g., between components that reside on separate
machines). The interconnection mechanism 308 enables communications (e.g., data,
instructions) to be exchanged between components of the system 300.

The system 300 also includes one or more input devices 304, which may include for
example, a keyboard or a touch screen. The system 300 includes one or more output devices
302, which may include for example a display. In addition, the computer system 300 may
contain one or more interfaces (not shown) that may connect the computer system 300 to a
communication network, in addition or as an alternative to the interconnection mechanism
308.

The system 300 may include a storage system 312, which may include a computer
readable and/or writeable nonvolatile medium in which signals may be stored to provide a
program to be executed by the processor or to provide information stored on or in the
medium to be processed by the program. The medium may, for example, be a disk or flash
memory and in some examples may include RAM or other non-volatile memory such as
EEPROM. In some embodiments, the processor may cause data to be read from the
nonvolatile medium into another memory 310 that allows for faster access to the information
by the processor/ASIC than does the medium. This memory 310 may be a volatile, random
access memory such as a dynamic random access memory (DRAM) or static memory
(SRAM). It may be located in storage system 312 or in memory system 310. The processor
306 may manipulate the data within the integrated circuit memory 310 and then copy the data
to the storage 312 after processing is completed. A variety of mechanisms are known for
managing data movement between storage 312 and the integrated circuit memory element
310, and the disclosure is not limited thereto. The disclosure is not limited to a particular
memory system 310 or a storage system 312.

The system 300 may include a general-purpose computer platform that is

programmable using a high-level computer programming language. The system 300 may be
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also implemented using specially programmed, special purpose hardware, e.g. an ASIC. The
system 300 may include a processor 306, which may be a commercially available processor
such as the well-known Pentium class processor available from the Intel Corporation. Many
other processors are available. The processor 306 may execute an operating system which
may be, for example, a Windows operating system available from the Microsoft Corporation,
MAC OS System X available from Apple Computer, the Solaris Operating System available
from Sun Microsystems, or UNIX and/or LINUX available from various sources. Many
other operating systems may be used.

The processor and operating system together may form a computer platform for which
application programs in high-level programming languages may be written. It should be
understood that the disclosure is not limited to a particular computer system platform,
processor, operating system, or network. Also, it should be apparent to those skilled in the art
that the present disclosure is not limited to a specific programming language or computer
system. Further, it should be appreciated that other appropriate programming languages and
other appropriate computer systems could also be used.

As described above, the UPS 100 receives AC power at the input 102 from an AC
source; however, in other embodiments, the UPS 100 may receive DC input power from a
DC source and the controller 114 may operate the converter 104 to regulate the DC input
power to a desired DC bus voltage level based on the DC input power and the output power
of the UPS 100.

As also described above, the controller 114 monitors the input AC voltage of the UPS
100 and does not allow adjustment of the DC voltage level of the DC bus 106 if the input AC
voltage is below an input voltage threshold level. However, in other embodiments, the
controller 114 may only monitor the output power of the UPS 100 and adjust the DC voltage
level of the DC bus 106 based on the output power.

As described above, the DC bus voltage level is adjusted in the online mode of
operation of the UPS 100; however, in other embodiments, the DC bus voltage level is also
adjusted, based on the input voltage and the output power of the UPS 100, in the battery
mode of operation. In the battery mode of operation, the controller 114 may operate the
converter 104 to regulate backup DC power (from the battery 112) to a desired DC bus
voltage level based on the backup DC power provided by the battery 112 and the output
power of the UPS 100.
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As described above, the UPS 100 is an online UPS; however, in other embodiments,
the UPS 100 is a different type of UPS (e.g., an offline UPS or a line-interactive UPS).

As described above, the DC bus voltage level is regulated between 340V and 380V,
however, in other embodiments, the range of DC bus voltage levels may be configured
differently. As also described above, the controller determines whether the output power of
the UPS falls within any one of five different ranges; however, in other embodiments, the
controller may determine whether the output power of the UPS falls within any number of
different ranges, the ranges being defined in any appropriate configuration.

At least some embodiments described herein provide a system and method for
monitoring the input voltage and the load of a UPS and regulating the DC bus voltage level
based on the input voltage and the load of the UPS. In some embodiments, the DC bus
voltage is regulated to an optimal minimum value if the input voltage and the load are lower
than predetermined threshold values. By lowering the DC bus voltage level to the optimal
minimum value when the input voltage and the load are lower than predetermined reference
values, the efficiency of the UPS may be increased while providing the reduced power to the
load. For example, in some embodiments, the efficiency of the UPS may be increased by 2-4%
depending on the load.

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 spirit and scope of the invention.
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, the UPS system comprising:

an input configured to receive input power having an input voltage level,

an output configured to provide output AC power to a load;

a converter coupled to the input and configured to convert the input power into DC
power having a DC voltage level,

a DC bus coupled to the converter and configured to receive the DC power;

an inverter coupled to the DC bus and configured to convert the DC power from the
DC bus into the output AC power and provide the output AC Power to the output; and

a controller configured to monitor the input voltage level, monitor a level of the
output AC power, and operate the converter to regulate the DC voltage level based on the

input voltage level and the output AC power level.

2. The UPS system of claim 1, wherein the controller is further configured to
adjust the DC voltage level based on the input voltage level and the output AC power level.

3. The UPS system of claim 2, wherein the controller is further configured to

determine whether the input voltage level is less than an input voltage threshold level.

4. The UPS system of claim 3, wherein in response to determining that the input
voltage is greater than the input voltage threshold level, the controller is further configured to

regulate the DC voltage level to a maximum DC voltage level.

5. The UPS system of claim 3, wherein the controller is further configured to

determine whether the output AC power level is less than an output power threshold level.

6. The UPS system of claim 5, wherein in response to determining that the input
voltage level is less than the input voltage threshold level and the output AC power level is
less than the output power threshold level, the controller is further configured to decrease the

DC voltage level.
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7. The UPS system of claim 6, wherein in response to determining that the output
AC power level is less than the output power threshold level by a first amount, the controller

is further configured to decrease the DC voltage level to a first reduced level.

8. The UPS system of claim 7, wherein in response to determining that the output
AC power level is less than the output power threshold level by a second amount greater than
the first amount, the controller is further configured to decrease the DC voltage level to a

second reduced level.

9. The UPS system of claim 5, wherein in response to determining that the output
AC power level is greater than the output power threshold level, the controller is further

configured to regulate the DC voltage level to a maximum DC voltage level.

10. The UPS system of claim 1, wherein the input is further configured to receive
input AC power and the converter is further configured to convert the input AC power into

the DC power.

11. The UPS system of claim 1, wherein in monitoring the input voltage level the

controller is further configured to determine an RMS voltage of the input power.

12. A method for operating a UPS system, the method comprising:

receiving, at an input of the UPS system, input power having an input voltage level;
converting the input power into DC power having a DC voltage level;

providing the DC power to a DC bus;

converting the DC power into output AC power;

providing the output AC power to an output of the UPS system; and

regulating the DC voltage level based on the input voltage level and a level of the

output AC power.

13. The method of claim 12, wherein regulating comprises:
monitoring the input voltage level,

monitoring the output AC power level; and
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adjusting the DC voltage level based on the input voltage level and the output AC

power level.

14. The method of claim 13, wherein monitoring the input voltage level comprises

determining whether the input voltage level is less than an input voltage threshold level.

15.  The method of claim 14, wherein adjusting the DC voltage level comprises, in
response to determining that the input voltage is greater than the input voltage threshold level

2

regulating the DC voltage level to a maximum DC voltage level.

16. The method of claim 14, wherein monitoring the output AC power level
comprises determining whether the output AC power level is less than an output power

threshold level.

17.  The method of claim 16, wherein adjusting the DC voltage level comprises, in
response to determining that the input voltage level is less than the input voltage threshold
level and the output AC power level is less than the output power threshold level, decreasing

the DC voltage level.

18. The method of claim 17, wherein decreasing the DC voltage level comprises:

in response to determining that the output AC power level is less than the output
power threshold level by a first amount, decreasing the DC voltage level to a first reduced
level; and

in response to determining that the output AC power level is less than the output
power threshold level by a second amount greater than the first amount, decreasing the DC

voltage level to a second reduced level.

19.  The method of claim 16, wherein adjusting the DC voltage level comprises, in
response to determining that the output AC power level is greater than the output power

threshold level, regulating the DC voltage level to a maximum DC voltage level.
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5 20. An Uninterruptible Power Supply (UPS) system, the UPS system comprising:
an input configured to receive input power having an input voltage level,
an output configured to provide output AC power to a load;
a converter coupled to the input and configured to convert the input power into DC
power having a DC voltage level,
10 a DC bus coupled to the converter and configured to receive the DC power;
an inverter coupled to the DC bus and configured to convert the DC power from the
DC bus into output AC power and provide the output AC power to the output; and
means for regulating the DC voltage level based on the input voltage level and a level
of the output AC power to increase efficiency of the UPS system.
15
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