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SYSTEM AND METHOD FOR ESTIMATING
AN EFFICIENCY OF A POWER DEVICE

BACKGROUND OF THE DISCLOSURE

Field of the Disclosure

At least one embodiment in accordance with the present disclosure relates generally to
systems and methods for providing power and more specifically to control systems and
methods used in a power device, such as an uninterruptible power supply (UPS), to measure

and display the operating efficiency of the power device.

Discussion of Related Art

The use of power devices, such as an uninterruptible power supply, to provide
regulated, uninterrupted power for sensitive and/or critical loads, such as computer systems
and other data processing systems, is known. A number of different UPS products are
available including those identified under the trade name Smart-UPS® from American Power
Conversion Corporation of West Kingston, Rhode Island. In a typical UPS, a battery is used
to provide backup power for a critical load during blackout or brownout conditions. A user
of a typical UPS is able to configure and control the UPS either through a computer coupled

to the UPS or using through a user interface of the UPS itself.

SUMMARY OF THE DISCLOSURE

Aspects in accord with the present disclosure are directed to methods for estimating
an efficiency of a power device. In one embodiment, the method comprises: identifying a
state of operation of the power device; measuring power-related information produced by the
power device; and determining an estimated efficiency of the power device based in part on
the state of operation of the power device and power loss parameters associated with the
power device by using the measured power-related information.

Embodiments of the method may be employed in an uninterruptible power supply in
which the state of operation is one of a trim mode, a single boost mode, a double boost mode
and a green mode. Determining the estimated efficiency includes determining estimated

power losses from a look-up table, calculating an estimated input power by adding the current
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load and the estimated power losses, and/or measuring battery charging power loss when the
battery is not fully charged. Calculating the estimated input power includes adding the
battery charging power loss, if any, and/or adding other losses associated with the
uninterruptible power supply, if any. The method further includes determining whether the
power device is in a mode in which no losses are calculated. The method further includes
displaying the estimated efficiency.

Another aspect of the disclosure is directed to a method for estimating an efficiency of
a power device in which the method comprises: identifying a state of operation of the power
device; measuring power-related information of the power device; determining estimated
power losses based on the state of operation, power loss parameters associated with the power
device, and the measured power-related information of the power device; calculating an
estimated input power by adding power from the power-related information and the estimated
power losses; and dividing the output power by the estimated input power.

Embodiments of the method may be employed in an uninterruptible power supply in
which the state of operation is one of a trim mode, a single boost mode, a double boost mode
and a green mode. The method further includes measuring battery charging power loss when
a battery of the uninterruptible power supply is not fully charged. Calculating the estimated
input power includes adding the battery charging power loss, if any, and/or adding other
losses associated with the uninterruptible power supply, if any. Determining whether the
uninterruptible power supply is in a mode in which no losses are calculated. The method
further includes displaying the estimated efficiency.

A further aspect of the disclosure is directed to a power device comprising an input to
receive estimated input power, a power supply circuit, coupled to the input, to provide power,
an output, coupled to the power supply circuit, to provide output power derived from the
power supply circuit, and a controller, coupled to the power supply circuit. The controller is
configured to retrieve at least one stored procedure corresponding to estimating the efficiency
of the power device. The stored procedure is configured to identify a state of operation of the
power device, measure power-related information of the power device, determine estimated
power losses based on the state of operation, power loss parameters associated with the power
device, and the measured power-related information, calculate an estimated input power by
adding power from the power-related information and the estimated power losses, and divide

the output power by the estimated input power.

R



10

15

20

25

30

WO 2010/111569 PCT/US2010/028780

Embodiments of the power device may include an uninterruptible power supply in
which the state of operation is one of a trim mode, a single boost mode, a double boost mode
and a green mode. The stored procedure is further configured to measure battery charging
power loss when a battery of the uninterruptible power supply is not fully charged, to
calculate the estimated input power by adding the battery charging power loss, if any, to
calculate the estimated input power by adding other losses associated with the uninterruptible
power supply, if any, and/or to determine whether the uninterruptible power supply is in a
mode in which no losses are calculated. The power device further includes a display to
display the estimated efficiency.

Yet another aspect of the disclosure is directed to an uninterruptible power supply
comprising an input to receive estimated input power, a power supply circuit, coupled to the
input, to provide power, an output, coupled to the power supply circuit, to provide output
power derived from the power supply circuit, and a controller, coupled to the power supply
circuit. The controller is configured to retrieve at least one stored procedure corresponding to
estimating the efficiency of the uninterruptible power supply by identifying a state of
operation of the uninterruptible power supply, measuring the power-related information of
the uninterruptible power supply, and determining estimated power losses from a look-up
table based on the measured power-related information.

Embodiments of the uninterruptible power supply include identifying whether the
state of operation is in one of a trim mode, a single boost mode, a double boost mode and a
green mode. The uninterruptible power supply further includes a user interface, coupled to
the controller, to display the information obtained from the controller, including the estimated
efficiency of the uninterruptible power supply. The uninterruptible power supply further
includes a battery, coupled to the power supply circuit, to provide battery power to the power
supply circuit when estimated input power to the input is terminated. The stored procedure is
further configured to measure battery charging power loss when the battery is not fully
charged, to add the battery charging power loss, if any, and/or to determine whether the
uninterruptible power supply is in a mode in which no losses are calculated.

Another aspect of the disclosure is directed to an uninterruptible power supply
comprising an input to receive estimated input power, a power supply circuit, coupled to the
input, to provide power, an output, coupled to the power supply circuit, to provide output
power derived from the power supply circuit, and means for estimating an efficiency of the
uninterruptible power supply by identifying a state of operation of the uninterruptible power
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supply, measuring the power-related information of the uninterruptible power supply, and
determining estimated power losses from a look-up table based on the measured power-

related information.

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 schematic block diagram of a power device, such as a UPS, of an
embodiment of the disclosure;

FIG. 2 is a view showing a user interface of the UPS;

FIG. 3 is a flowchart showing a method of calculating an estimated efficiency of the
UPS of an embodiment of the disclosure; and

FIG. 4 is a view showing the user interface of the UPS displaying an exemplary

estimated efficiency of the UPS.

DETAILED DESCRIPTION OF THE DISCLOSURE

At least some embodiments in accordance with the present disclosure relate to
systems and processes for providing improved control, monitoring and/or configuration of
power devices, such as uninterruptible power supplies. Although the systems and processes
disclosed herein are described when referencing an uninterruptible power supply, it should be
understood that the applications disclosed herein are applicable to other types of power
devices, such as outlet strips, power converters, line conditioners, surge protectors, power
conditioners, Power Distribution Units (PDU) and Rack PDUs and the like.

The aspects disclosed herein in accordance with the present disclosure, are not limited
in their application to the details of construction and the arrangement of components set forth
in the following description or illustrated in the drawings. As described above, these aspects
are capable of assuming 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, elements and features
discussed in connection with any one or more embodiments are not intended to be excluded
from a similar role in any other embodiments.
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FIG. 1 shows an on-line UPS 10 used to provide regulated, uninterrupted power in
accordance with one embodiment of the disclosure. The UPS 10 includes an input circuit
breaker/filter 12, a rectifier 14, a control switch 15, a controller 16, a battery 18, an inverter
20, an isolation transformer 22, a DC/DC converter 28, a user interface 30, data storage 32
and external system interface 34. The UPS 10 also includes an input 24 for coupling to an
AC power source, and an outlet 26 for coupling to a load.

The UPS 10 operates as follows. The circuit breaker/filter 12 receives input AC
power from the AC power source through the input 24, filters the input AC power and
provides filtered AC power to the rectifier 14. The rectifier 14 rectifies the input voltage.
The DC/DC converter 28 regulates DC power from the battery 18. The control switch 15
receives the rectified power and also receives the DC power from the DC/DC converter 28.
The controller 16 determines whether the power available from the rectifier 14 is within
predetermined tolerances, and if so, controls the control switch 15 to provide the power from
the rectifier 14 to the inverter 20. If the power from the rectifier 14 is not within the
predetermined tolerances, which may occur because of “brown out” or “black out”
conditions, or due to power surges, then the controller 16 controls the control switch 15 to
provide the DC power from the battery 18 via DC/DC converter 28 to the inverter 20.

In the shown embodiment, the controller 16 is coupled to the rectifier 14, the control
switch 15 and the inverter 20. The controller 16 is configured to receive information from the
rectifier 14 when a “brown out” or “black out” condition occurs. Such a condition may occur
when power to the input 24 is terminated. In other embodiments, the controller may be
coupled the other components of the UPS 10 including the input 24, the breaker/filter 12, the
isolation transformer 22, the DC/DC converter 28 and/or the battery 18.

In an alternative example, the battery is coupled to the rectifier circuit and the rectifier
functions as a boost converter on-line mode of operation and on-battery mode of operation as
described in U.S. Patent No. 7,402,921, entitled “Method and Apparatus For Providing
Uninterruptible Power,” issued July 22, 2008, which is hereby incorporated herein by
reference in its entirety.

The inverter 20 of the UPS 10 receives DC power and converts the DC power to AC
power and regulates the AC power to predetermined specifications. The inverter 20 provides
the regulated AC power to the isolation transformer 22. The isolation transformer 22 is used
to increase or decrease the voltage of the AC power from the inverter 20 and to provide
isolation between a load and the UPS 10. The isolation transformer 22 is an optional device,
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the use of which is dependent on UPS output power specifications. Depending on the
capacity of the battery 18 and the power requirements of the load, the UPS 10 can provide
power to the load during brief power source dropouts or for extended power outages. The
working components of the UPS 10 may together form part of a primary “power supply
circuit,” which may include the breaker/filter 12, the rectifier 14, the control switch 15 and
the isolation inverter 20. The controller 16, the battery 18, the isolation transformer 22 and
other components of the UPS 20 may form part of the power supply circuit as well.

Using data stored in associated memory, the controller 16 performs one or more
instructions or procedures that may result in manipulated data, and the controller monitors
and controls operation of the UPS 10. In some examples, the controller 16 may include one
or more processors or other types of controllers. In one example, the controller 16 is a
commercially available, general purpose processor. In another example, the controller 16
performs a portion of the functions disclosed herein on a general purpose processor and
performs another portion using an application-specific integrated circuit (ASIC) tailored to
perform particular operations. As illustrated by these examples, embodiments in accordance
with the present disclosure may perform the operations described herein using many specific
combinations of hardware and software and the disclosure is not limited to any particular
combination of hardware and software components.

The data storage 32 stores computer readable and writable information required for
the operation of the UPS 10. This information may include, among other data, data subject to
manipulation by the controller 16 and instructions that are executable by the controller 16 to
manipulate data. The data storage 32 may be a relatively high performance, volatile, random
access memory, such as a dynamic random access memory (DRAM) or static memory
(SRAM), or may be a nonvolatile storage media, such as magnetic disk or flash memory.
Various embodiments in accord with the present disclosure can organize the data storage 32
into particularized and, in some cases, unique structures to perform the aspects and functions
disclosed herein. In addition, these data structures may be specifically configured to conserve
storage space or increase data exchange performance.

The external system interface 34 exchanges data with one or more external devices.
These external devices may include any device configured to communicate using standards
and protocols supported by the UPS 10. Examples of specific standards and protocols that

the external system interface 34 may support include parallel, serial, and USB interfaces.
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Other examples of these supported protocols and standards include networking technologies
such as UDP, TCP/IP and Ethernet technologies.

Referring to FIG. 2, the exemplary user interface 30 includes a display screen and a
set of keys through which a user of the UPS 10 can monitor, control and configure operation
of the UPS 10. FIG. 2 depicts an external view of the UPS 10 including the user interface 30.
The user interface 30 includes a power button 40, a replace battery indicator 42, a warning
indicator 44, an on-battery power indicator 46, an on-line power indicator 48, an interface
display 50, a scroll up button 52, a scroll down button 54, an enter button 56 and an escape
button 58. The user interface 30 may embody any type of display or display screen known in
the art.

The user interface 30 functions as follows. The power button 40, when actuated, will
cause the UPS 10 to toggle between power-on and power-off states. According to some
embodiments, the UPS 10 performs a series of accompanying actions to better manage these
power state transitions.

The set of indicators 42, 44, 46 and 48 provide various information regarding current
and prior states of the UPS 10. For example, the UPS 10 may determine by running a self-
test that the battery 18 needs to be replaced. In this instance, the UPS 10 illuminates the
replace battery indicator 42 to communicate this need.

The on-line power indicator 48 and the on-battery power indicator 46 signal the
current source of power to the load. An active on-line power indicator 48 signals that the
UPS 10 is providing power to the load in a normal operating fashion, i.e., the source of the
power is the AC received through input 24. Conversely, the active on-battery power
indicator 46 signals that the source of the power to the load is battery 18.

In another example, the UPS 10 may determine, for a variety of reasons, that the
attention of an operator is needed. The reasons may include, among others, detection that the
battery 18 is disconnected or that the battery 18 has been depleted by the load. In this case,
the UPS 10 signals the need for operator attention by activating the warning indicator 44. In
addition, the UPS 10 may provide a description of the reason for the warning in the interface
display 50.

The interface display 50, which can be fashioned by a variety of hardware
components including Liquid Crystal Displays and Light Emitting Diodes, presents a wide
variety of information to an operator. This information may include monitoring information,
such as the status warnings discussed above. In addition, this information may include
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configuration information and prompts through which the UPS 10 collects information from
the user. Together, the display interface 50 and buttons 52, 54, 56 and 58 provide the UPS 10
with more flexibility in exchanging information with the user than is available using
conventional UPS technology.

In one example, UPS 10 includes an interface structure that can be navigated by the
user using the display interface 50 and buttons 52, 54, 56 and 58. This interface structure
may include a variety of elements related to one another in various ways. For example, the
interface structure may be a hierarchical menu structure. The behavior initiated by actuation
of the buttons 52, 54, 56 and 58 is dependent upon the current location of the user in the
interface structure, as is the information displayed in the display interface 50.

For example, the current location of the user may be an intermediate location within
the interface structure, i.e. the current location connects to other elements of the interface
structure. In this situation, the display interface 50 displays one of a list of the other elements
of the interface structure connected to the user’s current location and the buttons 52, 54, 56
and 58 are configured to provide navigational functions. In this mode, the user can move
through, and cause the display interface 50 to display each element of, the list of the elements
of the interface structure that are connected to the current location by using buttons 52 and
54. More precisely, the user can move up the list by actuating the scroll up button 52 and
down the list by actuating the scroll down button 54. Furthermore, the user can navigate to
the element of the interface structure currently displayed in interface 50 by actuating the enter
button 56. Conversely, the user can navigate to the user’s previous location in the interface
structure by actuating the escape button 58.

In another example, the current location of the user in the interface structure may
cause the UPS 10 to display review information to the user via the display interface 50. This
review information may be any information stored within the UPS 10 and may include,
among other information, configuration information, operational information and information
regarding other devices in communication with the UPS 10, such as devices to which the
UPS 10 supplies power. In one example, the display interface 50 displays an element
belonging to a list of review information and the buttons 52, 54, 56 and 58 are configured to
provide review functions. Under this configuration, the user can move through, and cause the
display interface 50 to display each element of the list of review information. More
specifically, and much like the navigational mode discussed above, the user can navigate up

or down the list of review information by actuating the scroll up button 52 or the scroll down
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button 54. Furthermore, the user can navigate to the user’s previous location in the interface
structure by actuating the escape button 58. In at least some embodiments, actuation of the
enter button 56, while in this mode, results in an error message explaining that the other keys
are the valid keys at the user’s current location within the interface structure.

According to another example, the current location of the user in the interface
structure may cause the UPS 10 to prompt the user for information through the display
interface 50. The information prompted for may be any information stored within the UPS
10 and may include, among other information, configuration information, information
regarding the source of power into the UPS 10 and information regarding other devices in
communication with the UPS 10, such as devices to which the UPS 10 supplies power. In
this instance, the display interface 50 displays a prompt for information and the buttons 52,
54, 56 and 58 are configured to provide data entry functions. In this situation, the user can
adjust the information displayed in the display interface 50 and enter answers to the prompts.
More specifically, the user can change the answer to the prompt using the scroll up button 52
or the scroll down button 54. For example, a user can toggle a Boolean value from true to
false or from yes to no, by actuating either of buttons 52 or 54. In another example, the user
can increase or decrease a numerical answer displayed in the prompt by actuating the scroll
up button 52 or the scroll down button 54. In still another example, the user can scroll up or
down a list of answers using the scroll up button 52 or the scroll down button 54. In addition,
the user can enter the currently displayed answer for the prompt by actuating the enter button
56. The user can also exit the prompt without saving the currently displayed answer by
actuating the escape key 58. Thus, the particular arrangement and function of the user
interface 30 provides users with sundry advantages over conventional UPS interfaces.

The user interface shown in FIG. 2 may be implemented in other embodiments using
different configurations of buttons, different styles of buttons and using display screens of
different sizes.

While embodiments of the disclosure have been described herein for use with an on-
line UPS, other embodiments may be used with other UPS topologies including off-line and
line interactive UPSs. Further, at least some embodiments described herein may be used with
power supplies other than UPSs and in other electronics systems.

In certain embodiments, methods for estimating an efficiency of a power device, such
as a UPS, are disclosed herein. In one embodiment, the controller 16 is configured to obtain
information from one or more of the working components of the UPS 10 including but not
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limited to the input 24, the power supply circuit (e.g., the input circuit breaker/filter 12, the
rectifier 14, the control switch 15, the controller 16, the battery 18, the inverter 20, the
isolation transformer 22, and/or the DC/DC converter 28), and the output 26 to estimate the
efficiency of the UPS. Based on this information, which may constitute one or more power
loss parameters associated with the UPS, and the operational state of the UPS, an estimated
efficiency of the UPS may be determined.

Although an on-line UPS has been described herein, the methods and systems
described herein may be applied to other types of UPSs as well. For example, the UPS may
be a line interactive UPS, which is similar to off-line and on-line UPSs in that it switches to
battery power when a blackout occurs. However, when a power line sag or swell occurs, at
least one type of line interactive UPS activates a tap switching voltage regulation circuit to
stabilize the output voltage continuously, without consuming battery power. The tap
switching voltage regulation circuit often includes an automatic voltage regulation (AVR)
transformer, which operates in single boost, double boost or trim modes. One example of a
line interactive UPS may be found in U.S. Patent Application Serial No. 12/360,648, entitled
“System and Method for Limiting Losses in an Uninterruptible Power Supply,” filed January
27,2009, which is hereby incorporated herein by reference in its entirety.

In one embodiment, the method includes measuring the current load produced at the
output 26. Although measuring the current load at the output 26 is set forth herein, the
measurement may take place at the control switch 15, the inverter 20 and/or the isolation
transformer and still fall in the scope of the present disclosure. In one example, once the
current load is measured, the estimated efficiency may be determined from information taken
from a look-up table by using the sensed current load of the uninterruptible power supply.

An exemplary look-up table is set forth in Table 1.

-10-
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AVR Average Losses (Watts)

% VA Double Boost Single Boost Trim
10 8.11 11.32 16.20
20 9.46 11.78 16.57
30 11.70 12.54 17.2
40 14.84 13.60 18.09
50 18.88 14.97 19.22
60 23.82 16.65 20.60
70 29.65 18.63 22.24
80 36.38 20.91 24.13
90 36.38 23.50 26.27
100 36.38 26.39 28.66

Table 1

Each column of Table 1 includes losses based off the percentage of volt amps (VA),
which is the maximum power available to the load, in ten percent (10%) increments. Each
column includes ten data point losses based on the percentage of VA, e.g., ten percent (10%),
twenty percent (20%), thirty percent (30%) and so on. Based on the AVR state of operation,
and the percentage of VA, the unit will index the appropriate data point.

Turning now to FIG. 3, there is generally indicated at 100 an exemplary routine for
estimating efficiency of a UPS. At decision 102, it is determined whether the UPS is on-line.
If not on-line, the efficiency is determined to be zero percent at processing step 104 and the
routine ends at 106. Once the routine 100 ends, the controller 16 may be programmed to
continuously repeat the routine on a periodic basis to recalculate the estimated efficiency. In
other embodiments, the operator may initiate the routine 100 through the user interface 30. If
on-line, the routine proceeds to decision 108, where the state of operation is determined.
When in a “green mode,” the automatic voltage regulator (AVR) loss is determined to be “0”
at processing step 110 and the routine proceeds. If not in “green mode,” the AVR loss is
calculated at processing step 112 by using the look-up table set forth in Table 1 based on the
identified state of operation and the load percentage (AV) of the UPS.

11-
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For example, when referencing Table 1, at 112, the state of operation of the UPS is
identified. As shown, when not in a “green mode,” the UPS is in trim, single boost or double
boost mode. In addition, the maximum power available to the load is further identified.
Thus, for example, if the UPS is determined to be in trim mode and the load percentage is
60%, then the AVR loss is 20.60 Watts. In other embodiments, a loss equation may be
provided to calculate AVR loss. Once the AVR loss is determined based on the state of
operation, the routine proceeds to decision 114.

At decision 114, it is determined whether the battery is fully charged to have one
hundred percent (100%) capacity. If fully charged, the battery charging power is determined
to be zero at processing step 116 and the routine proceeds. If not fully charged, the battery
charging power is measured at processing step 118. In one embodiment, the battery charging
power may be a fixed power number, e.g., 114 Watts. In certain embodiments, a battery
discharge/recharge routine may be performed. By completely discharging and recharging the
battery, performance indicators of that particular battery may be determined without
assuming a nominal battery performance.

Once the battery charging power loss is measured or otherwise obtained, a charger
power consumption is calculated at processing step 120. In one embodiment, the charger

power consumption is calculated by the following equation:

Est. Charger Power Consumption = Battery Charging Power + Logic Supply Power * C (1)

As shown, an estimated charger power consumption is calculated by adding the battery

charging power and the logic supply power. The logic supply power is multiplied by a

constant C associated with the particular UPS and the state of operation of the UPS.
Next, an estimated input power is calculated at processing step 122. In one

embodiment, the estimated input power is calculated by the following equation:

Est. Input Power = Output Power + AVR Losses + Battery Charging Power 2)
Efficiency may then be calculated at 124 processing step by dividing the output power by the
estimated input power and multiplying the result by 100. After calculating efficiency, the

routine ends at 106. Once the routine 100 ends, the controller 16 may be programmed to
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continuously repeat the routine on a periodic basis to recalculate the estimated efficiency or
the operator may initiate the routine 100 through the user interface 30.

As shown and described above with reference to Table 1, for a line interactive UPS,
there are provided three AVR loss columns. Thus, for the UPS described herein, efficiency
may be determined when the UPS is in a single boost mode, a double boost mode or a trim
mode, as well as “green mode.” For example, if the input voltage at the UPS is in a sag
condition and the output voltage needs to be increased, the UPS controller adjusts the AVR
(by means of one or more AVR relays) to a boost mode (a “single” boost mode). For
example, in the boost mode, the voltage at the output of an AVR transformer may be
increased, in relation to the voltage at the input of the AVR transformer, by a first ratio. In
another example, if the output voltage needs to be increased by a greater ratio, the AVR is
adjusted by the UPS controller to an increased boost mode (a “double” boost mode). For
example, in the increased boost mode, the voltage at the output of the AVR transformer may
be increased by a second ratio which is greater than the first ratio. In one embodiment, the
second ratio may be double the value of the first ratio. In trim mode, the AVR operates to
reduce voltage from the input to the output.

Other conditions may impact the determination of an estimated efficiency of a power
device. For example, environmental conditions in which the apparatus operates will affect
the efficiency of the apparatus. For the UPS 10 illustrated in FIG. 1, the sensor 82 may be
used to obtain environmental data, for example, such as the temperature and humidity of a
room in which the UPS operates. Based on the environmental data obtained by the sensor 82,
the efficiency model may be manipulated to reflect the effect these environmental conditions
on the UPS. In addition, operational losses associated with the UPS may be factored as well.

Thus, equation (2) may be modified as follows to take into account these external conditions:

Est. Input Power = Output Power + AVR Losses + Battery Charging Power + External Losses 3)

Examples
The AVR loss is determined from Table 1 based on the state of operation of the UPS

and the percentage of the output VA of the UPS. The battery loss depends on the capacity of
the battery and whether the battery is partially or fully charged. In a circumstance in which
the battery is fully charged, the power loss associated with the battery is zero. When not fully
charged, a power loss associated with the estimated charger power consumption must be
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calculated. Thus, losses associated with charging the battery will effect the efficiency of the
UPS by lowering the efficiency. The logic supply power loss is a constant based on the type
of UPS. Such logic supply power loss may include losses of power associated with operating
the controller, operating the related housekeeping circuitry, operating the relays, and running
the fan that cools the controller. These losses may be estimated based on the type of UPS.
Additionally, environmental effects and operational losses may be considered as well.

The following are several examples of how efficiency is calculated for a UPS based

on the following assumptions:

QOutput VA 50%, Battery Capacity 85%

Output; 576.0 Watts
AVR (Trim): 19.2 Watts
Battery Loss: 134.1 Watts
Logic Supply Loss: 12.9 Watts
Efficiency: 77.6 %

Output VA 50%, Battery Capacity 100%

Output; 576.0 Watts
AVR (Trim): 19.2 Watts
Battery Loss: 0.0 Watts
Logic Supply Loss: 12.9 Watts
Efficiency: 94.7 %

Output VA 80%, Battery Capacity 85%

Output; 921.6 Watts
AVR (Trim): 24.1 Watts
Battery Loss: 134.1 Watts
Logic Supply Loss: 12.9 Watts
Efficiency: 84.3%

Output VA 80%, Battery Capacity 100%

Output; 921.6 Watts
AVR (Trim): 24,1 Watts
Battery Loss: 0.0 Watts
Logic Supply Loss: 12.9 Watts
Efficiency: 96.1%

Output VA 100%, Battery Capacity 85%

Output; 1152.0 Watts
AVR (Trim): 28.7 Watts
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Battery Loss: 134.1 Watts
Logic Supply Loss: 12.9 Watts
Efficiency: 86.8%

Output VA 100%, Battery Capacity 100%

Output; 1152.0 Watts
AVR (Trim): 19.2 Watts
Battery Loss: 0.0 Watts
Logic Supply Loss: 12.9 Watts
Efficiency: 96.5 %

Qutput VA 100%. Battery Capacity 85%

Output; 1152.0 Watts
AVR (Green): 0.0 Watts
Battery Loss: 134.1 Watts
Logic Supply Loss: 12.9 Watts
Efficiency: 88.7 %

Output VA 100%, Battery Capacity 100%

Output; 1152.0 Watts
AVR (Green): 0.0 Watts
Battery Loss: 0.0 Watts
Logic Supply Loss: 12.9 Watts
Efficiency: 98.9 %

Output VA 100%, Battery Capacity 85%

Output; 1152.0 Watts
AVR (Single): 26.4 Watts
Battery Loss: 134.1 Watts
Logic Supply Loss: 12.9 Watts
Efficiency: 86.9 %

Output VA 100%, Battery Capacity 100%

Output; 1152.0 Watts
AVR (Single): 26.4 Watts
Battery Loss: 0.0 Watts
Logic Supply Loss: 12.9 Watts
Efficiency: 96.7 %

Output VA 100%, Battery Capacity 85%

Output; 1152.0 Watts
AVR (Double): 36.4 Watts
Battery Loss: 134.1 Watts
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Logic Supply Loss: 12.9 Watts
Efficiency: 86.3%

Output VA 100%, Battery Capacity 100%

Output; 1152.0 Watts
AVR (Double): 36.4 Watts
Battery Loss: 0.0 Watts
Logic Supply Loss: 12.9 Watts
Efficiency: 95.9%

As illustrated in the foregoing examples, efficiency is improved by having a fully
charged battery since power is not being diverted to charge the battery. Efficiency is also
improved when the UPS is operating in “green mode” since there are no AVR losses. In
addition, it should be observed that efficiency is increased when the percentage of power
available to the load is increased.

Referring to FIG. 4, the user interface 30 may be configured to display the efficiency
of the UPS. For example, FIG. 4 illustrates interface display 50 reading “UPS Efficiency:
78%.” Efficiency may be calculated on an on-going basis and periodically reported to the
user. In other embodiments, the efficiency may be requested by the user through the user
interface 30.

Thus, it should be observed that an estimated efficiency may be calculated without
having to calculate an actual efficiency of the UPS. It should be understood that estimated
efficiency may be estimated for any power device, not only a UPS, such as and not limited to
outlet strips, power converters, line conditioners, surge protectors, power conditioners, Power
Distribution Units (PDU) and Rack PDUs and the like. Although a look-up table is utilized
for determining AVR losses, it should be understood that such losses may be determined by
employing a loss equation for the particular UPS.

Having thus described several aspects of at least one embodiment of this disclosure, 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 disclosure.
Accordingly, the foregoing description and drawings are by way of example only.

What is claimed is:
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CLAIMS
1. A method for estimating an efficiency of a power device, the method
comprising:
identifying a state of operation of the power device;
measuring power-related information produced by the power device; and
determining an estimated efficiency of the power device based in part on the state of
operation of the power device and power loss parameters associated with the power device by

using the measured power-related information.

2. The method of claim 1, wherein the power device is an uninterruptible power

supply.

3. The method of claim 2, wherein the state of operation is one of a trim mode, a

single boost mode, a double boost mode and a green mode.

4. The method of claim 2, wherein determining the estimated efficiency includes

determining estimated power losses from a look-up table.

5. The method of claim 4, wherein determining the estimated efficiency further
includes calculating an estimated input power by adding the current load and the estimated

power losses.

6. The method of claim 4, wherein determining estimated power losses further

includes measuring battery charging power loss when the battery is not fully charged.

7. The method of claim 6, wherein calculating the estimated input power

includes adding the battery charging power loss, if any.

8. The method of claim 7, wherein calculating the estimated input power further

includes adding other losses associated with the uninterruptible power supply, if any.

9. The method of claim 1 further comprising determining whether the power
device is in a mode in which no losses are calculated.
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10. The method of claim 1 further comprising displaying the estimated efficiency.

11. A method for estimating an efficiency of a power device, the method
comprising:

identifying a state of operation of the power device;

measuring power-related information of the power device;

determining estimated power losses based on the state of operation, power loss
parameters associated with the power device, and the measured power-related information of
the power device;

calculating an estimated input power by adding power from the power-related
information and the estimated power losses; and

dividing the output power by the estimated input power.

12. The method of claim 11, wherein the power device is an uninterruptible power

supply.

13. The method of claim 12, wherein the state of operation is one of a trim mode,

a single boost mode, a double boost mode and a green mode.

14. The method of claim 12 further comprising measuring battery charging power

loss when a battery of the uninterruptible power supply is not fully charged.

15. The method of claim 14, wherein calculating the estimated input power

includes adding the battery charging power loss, if any.

16. The method of claim 14, wherein calculating the estimated input power further

includes adding other losses associated with the uninterruptible power supply, if any.

17. The method of claim 12 further comprising determining whether the

uninterruptible power supply is in a mode in which no losses are calculated.
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18. The method of claim 12 further comprising displaying the estimated

efficiency.

19. A power device comprising:
an input to receive estimated input power;
a power supply circuit, coupled to the input, to provide power;
an output, coupled to the power supply circuit, to provide output power derived from
the power supply circuit; and
a controller, coupled to the power supply circuit, the controller being configured to
retrieve at least one stored procedure corresponding to estimating the efficiency of the power
device, the stored procedure being configured to
identify a state of operation of the power device,
measure power-related information of the power device,
determine estimated power losses based on the state of operation, power loss
parameters associated with the power device, and the measured power-related
information,
calculate an estimated input power by adding power from the power-related
information and the estimated power losses, and

divide the output power by the estimated input power.

20. The power device of claim 19, wherein the power device is an uninterruptible
power supply.
21. The power device of claim 20, wherein the state of operation is one of a trim

mode, a single boost mode, a double boost mode and a green mode.

22. The power device of claim 21, wherein the stored procedure is further
configured to measure battery charging power loss when a battery of the uninterruptible

power supply is not fully charged.

23. The power device of claim 20 wherein the stored procedure is further
configured to calculate the estimated input power by adding the battery charging power loss,
if any.

-19-



10

15

20

25

30

WO 2010/111569 PCT/US2010/028780

24, The power device of claim 23, wherein the stored procedure is further
configured to calculate the estimated input power by adding other losses associated with the

uninterruptible power supply, if any.

25. The power device of claim 20, wherein the stored procedure is further
configured to determine whether the uninterruptible power supply is in a mode in which no

losses are calculated.

26. The power device of claim 19 further comprising a display to display the

estimated efficiency.

27. An uninterruptible power supply comprising:
an input to receive estimated input power;
a power supply circuit, coupled to the input, to provide power;
an output, coupled to the power supply circuit, to provide output power derived from
the power supply circuit; and
a controller, coupled to the power supply circuit, the controller being configured to
retrieve at least one stored procedure corresponding to estimating the efficiency of the
uninterruptible power supply by
identifying a state of operation of the uninterruptible power supply,
measuring the power-related information of the uninterruptible power supply,
and
determining estimated power losses from a look-up table based on the

measured power-related information.

28. The uninterruptible power supply of claim 27, wherein the state of operation is

one of a trim mode, a single boost mode, a double boost mode and a green mode.
29. The uninterruptible power supply of claim 27 further comprising a user

interface, coupled to the controller, to display the information obtained from the controller,

including the estimated efficiency of the uninterruptible power supply.
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30. The uninterruptible power supply of claim 27 further comprising a battery,
coupled to the power supply circuit, to provide battery power to the power supply circuit
Y p pply p yp p pply

when estimated input power to the input is terminated.

31. The uninterruptible power supply of claim 30, wherein the stored procedure is
further configured to measure battery charging power loss when the battery is not fully

charged.

32. The uninterruptible power supply of claim 31, wherein the stored procedure is

further configured to add the battery charging power loss, if any.

33. The uninterruptible power supply of claim 27, wherein the stored procedure is
further configured to determine whether the uninterruptible power supply is in a mode in

which no losses are calculated.

34. An uninterruptible power supply comprising:

an input to receive estimated input power;

a power supply circuit, coupled to the input, to provide power;

an output, coupled to the power supply circuit, to provide output power derived from
the power supply circuit; and

means for estimating an efficiency of the uninterruptible power supply by identifying
a state of operation of the uninterruptible power supply, measuring the power-related
information of the uninterruptible power supply, and determining estimated power losses

from a look-up table based on the measured power-related information.
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