
(12) STANDARD PATENT (11) Application No. AU 2012207388 B2 
(19) AUSTRALIAN PATENT OFFICE 

(54) Title 
Uninterruptible power supplies for use in a distributed network 

(51) International Patent Classification(s) 
HO2J 9/00 (2006.01) G05B 15/00 (2006.01) 

(21) Application No: 2012207388 (22) Date of Filing: 2012.01.17 

(87) WIPO No: W012/099911 

(30) Priority Data 

(31) Number (32) Date (33) Country 
61/435,332 2011.01.23 US 

(43) Publication Date: 2012.07.26 
(44) Accepted Journal Date: 2016.05.19 

(71) Applicant(s) 
Alpha Technologies Inc.  

(72) Inventor(s) 
Heidenreich, James Joseph;Roybal, Ronald Jay;Le, Thanh Quoc;Bhatt, Pankaj H.  

(74) Agent / Attorney 
Phillips Ormonde Fitzpatrick, L 16 333 Collins St, Melbourne, VIC, 3000 

(56) Related Art 
US 2010/0328851 
US 5602462 
US 2010/0250192 
US 2010/0161259



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

(19) World Intellectual Property 
Organization 

International Bureau 
(10) International Publication Number 

(43) International Publication Date W O 2012/099911 Al 
26 July 2012 (26.07.2012) W I P0 I P CT 

(51) International Patent Classification: (74) Agent: SCHACHT, Michael, R.; Schacht Law Office, 
H02J 9/00 (2006.01) G05B 15/00 (2006.01) Inc., 2801 Meridian Street, Suite 202, Bellingham, WA 

(21) International Application Number: 98225 (US).  

PCT/US2012/021622 (81) Designated States (unless otherwise indicated, for every 
) .a kind of national protection available): AE, AG, AL, AM, 

(22) International Filng Date: AO, AT, AU, AZ, BA, BB, BG, BH, BR, BW, BY, BZ, 
17 January 2012 (17.01.2012) CA, CH, CL, CN, CO, CR, CU, CZ, DE, DK, DM, DO, 

(25) Filing Language: English DZ, EC, EE, EG, ES, Fl, GB, GD, GE, GH, GM, GT, HN, 
HR, HU, ID, IL, IN, IS, JP, KE, KG, KM, KN, KP, KR, 

(26) Publication Language: English KZ, LA, LC, LK, LR, LS, LT, LU, LY, MA, MD, ME, 

(30) Priority Data: MG, MK, MN, MW, MX, MY, MZ, NA, NG, NI, NO, NZ, 
61/435,332 23 January 2011 (23.01.2011) US OM, PE, PG, PH, PL, PT, QA, RO, RS, RU, RW, SC, SD, 

SE, SG, SK, SL, SM, ST, SV, SY, TH, TJ, TM, TN, TR, 
(71) Applicant (for all designated States except US): ALPHA TT, TZ, UA, UG, US, UZ, VC, VN, ZA, ZM, ZW.  

TECHNOLOGIES INC. [US/US]; 3767 Alpha Way, 
Bellingham, WA 98226 (US). (84) Designated States (unless otherwise indicated, for every 

kind of regional protection available): ARIPO (BW, GH, 
(72) Inventors; and GM, KE, LR, LS, MW, MZ, NA, RW, SD, SL, SZ, TZ, 
(71) Applicants : HEIDENREICH, James, Joseph [US/US]; UG, ZM, ZW), Eurasian (AM, AZ, BY, KG, KZ, MD, RU, 

3767 Alpha Way, Bellingham, WA 98226 (US). ROY- TJ, TM), European (AL, AT, BE, BG, CH, CY, CZ, DE, 
BAL, Ronald, Jay [US/US]; 3767 Alpha Way, Belling- DK, EE, ES, Fl, FR, GB, GR, HR, HU, IE, IS, IT, LT, LU, 
ham, WA 98226 (US). LE, Thanh, Quoc [US/US]; 3767 LV, MC, MK, MT, NL, NO, PL, PT, RO, RS, SE, SI, SK, 
Alpha Way, Bellingham, WA 98226 (US). BHATT, SM, TR), OAPI (BF, BJ, CF, CG, CI, CM, GA, GN, GQ, 
Pankaj, H. [US/US]; 3767 Alpha Way, Bellingham, WA GW, ML, MR, NE, SN, TD, TG).  
98226 (US). Published: 

with international search report (Art. 21(3)) 

[Continued on next page] 

(54) Title: UNINTERRUPTIBLE POWER SUPPLIES FOR USE IN A DISTRIBUTED NETWORK 

AC - -_-_-- --- -
UINE 

BATTERY INVERTER + OUELOAD 
MODULE MODULE 

BATTERY INVERTER XFMR ii 

DIAGNOSTIC DIAGNOSTIC DIAGNOSTIC 
MODULE MODULE MODULE 

40%UTILITY 0 
lRDIAGNOSTIC1 i 

ONO 

MODULECOTL 

F_ MODULE COMMUNICATIONS 

FIG. 2 

(57) Abstract: A UPS module configured to be arranged between at least one AC line and a communications system comprising at 
least one load comprises a power system, a diagnostic system, and a communications module. The power system comprising a bat 

f4 tery module, an inverter module, and a transformer module and is operatively connected between the AC line and the at least one 
load. The diagnostic system generates battery diagnostic information, inverter diagnostic, utility diagnostic information, and trans 
former diagnostic information. The communications module transfers diagnostic information between the diagnostic system and the 
communications system.



W O 2012/099911 A1lII|III|lllllIllll||I|I||||||||I||||V||||I|I|I|||||||||||I||||||||||||| 

- before the expiration of the time limit for amending the 
claims and to be republished in the event of receipt of 
amendments (Rule 48.2(h))



WO 2012/099911 PCT/US2012/021622 

UNINTERRUPTIBLE POWER SUPPLIES FOR USE IN A DISTRIBUTED 

NETWORK 

5 

RELATED APPLICATIONS 

This application claims benefit of U.S. Provisional Patent Application 

10 Serial No. 61/435,332 filed January 23, 2011.  

The contents of the related application(s) listed above are incorporated 

herein by reference.  

TECHNICAL FIELD 

15 

The present invention relates the generation of a standby power signal 

and, more specifically, to uninterruptible power supply systems adapted for 

use as part of a larger distributed network.  

20 BACKGROUND 

Uninterruptible power supplies (UPS's) have long been used to provide 

at least temporary auxiliary power to electronic devices. A UPS is typically 

configured to switch between a primary power source and a standby power 

25 source as necessary to maintain constant power to a load.  

Typically, the primary power source for a UPS is a utility power supply, 

and the standby power source may take the form of a battery system. The 

UPS will normally operate in a line mode in which the utility power signal is 

passed to the load when the utility power signal is within predefined 

30 parameters. In the line mode, the UPS will typically also charge the battery 
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system. When the utility power falls outside of the predefined parameters, the 

UPS will switch to standby mode in which an AC signal is generated based on 

the energy stored in the battery system.  

Distributed networks, such as communications networks, typically 

5 employ electronics remotely deployed across a wide geographical area.  

Examples of such distributed networks include CATV systems, conventional 

telephony systems, and cellular telephone towers.  

Remotely deployed electronic devices typically obtain primary power 

from a local source, and the local power source is typically outside of the 

10 direct control of the operator of the distributed network. Where possible, 

remote electronics obtain primary power from an electrical power utility or the 

like. Where utility electrical power is unavailable, the primary power source 

may be provided by a generator powered by natural gas, propane, gasoline, 

or diesel oil or by an alternative energy source such as a wind generator or 

15 solar power panels. Whatever the source of primary power, a UPS is typically 

provided to provide standby power during periods of time in which the primary 

power source is unavailable for any reason.  

In addition, such remotely deployed electronic devices are often left 

unattended for long periods of time. Maintenance and/or repair of remotely 

20 deployed electronic devices in a distributed network, as well as any UPS 

systems associated therewith, typically require the mobilization of a truck and 

crew. Desirably, the mobilization of a truck and crew for routine maintenance 

is minimized to reduce costs.  

A special concern arises when a widespread utility power failure is 

25 experienced. In this situation, decisions must be made as to where to deploy 

trucks and crews. Improper deployment of trucks and crews may result in 

interruption of network service that could have been avoided with proper 

deployment of trucks and crews.  

Conventionally, UPS systems used in distributed networks are 
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designed to measure certain system parameters and transmit these parameters to a control 

center responsible for network maintenance and repair. Control centers typically deploy data 

processing software systems designed to assist with decisions related to maintenance and 

repair of UPS systems throughout the distributed network.  

The present invention may provide improved data acquisition and processing 

systems for UPS systems remotely deployed throughout a distributed network.  

A reference herein to a patent document or other matter which is given as prior art is 

not to be taken as an admission that the document or matter was known or that the 

information it contains was part of the common general knowledge as at the priority date of 

any the claims.  

Where the terms "comprise", "comprises", "comprised" or "comprising" are used in 

this specification (including the claims) they are to be interpreted as specifying the presence 

of the stated features, integers, steps or components, but not precluding the presence of one 

or more other features, integers, steps or components, or group thereof.  

SUMMARY 

According to one aspect of the present invention there is provided a UPS module 

configured to be arranged between a utility power supply supplying a utility power signal and 

a cable television system comprising at least one load, comprising: a power system 

comprising a battery module, an inverter module, and a transformer module, where the 

power system is operatively connected between the utility power supply and the at least one 

load such that when the utility power signal is within predetermined line parameters, the 

power system operates in a line mode to supply power from the utility power supply to the at 

least one load through the transformer module, and supply power from the utility power 

supply to the battery module through the transformer module and the inverter module, and 

when the utility power signal is not within predetermined line parameters, the power system 

in a standby mode to supply power from the battery module to the at least one load through 

the inverter module and the transformer module; a diagnostic system comprising a battery 

diagnostic module configured to generate battery diagnostic information based on at least 

one operating characteristic of at least one element of the battery module, where the battery 

diagnostic information comprises current status information indicative of performance of the 

battery module if the power system is operated in the standby mode when the battery 

diagnostic information is generated, and projected status information indicative of projected 

performance of the battery module should the power system be operated in standby mode at 

some point in time after the diagnostic information is generated, an inverter diagnostic 

module configured to generate inverter diagnostic information based on at least one 
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operating characteristic of at least one element of the inverter module, where the inverter 

diagnostic information is indicative of mean time between failure of the inverter module, a 

utility diagnostic module configured to generate utility diagnostic information based on at 

least one operating characteristic of at least one element of the utility power signal supplied 

by the utility power supply, and a transformer diagnostic module configured to generate 

transformer diagnostic information based on at least one operating characteristic of at least 

one element of the transformer module, where the transformer diagnostic information is 

indicative of mean time between failure of the transformer module; and a communications 

module operatively connected between the diagnostic module and the communications 

system to transfer battery diagnostic information, inverter diagnostic information, utility 

diagnostic information, and transformer diagnostic information between the diagnostic 

system and the cable television system.  

According to a further aspect of the present invention there is provided a method of 

providing uninterruptible power to at least one load of a cable television system from utility 

power signal supplied by a utility power supply, the method comprising the steps of: 

providing a power system comprising a battery module, an inverter module, and a 

transformer module; arranging the power system between the utility power supply and the at 

least one load; when the utility power signal is within predetermined line parameters, 

operating the power system in a line mode to supply power from the utility power supply to 

the at least one load through the transformer module, and supply power from the utility 

power supply to the battery module through the transformer module and the inverter module; 

when the utility power signal is not within predetermined line parameters, operating the 

power system to supply power from the battery module to the at least one load through the 

inverter module and the transformer module; generating battery diagnostic information 

based on at least one operating characteristic of at least one element of the battery module, 

where the battery diagnostic information comprises current status information indicative of 

performance of the battery module if the power system is operated in the standby mode 

when the battery diagnostic information is generated, and projected status information 

indicative of projected performance of the battery module should the power system be 

operated in standby mode at some point in time after the diagnostic information is 

generated; generating inverter diagnostic information based on at least one operating 

characteristic of at least one element of the inverter module, where the inverter diagnostic 

information is indicative of mean time between failure of the inverter module; generating 

utility diagnostic information based on at least one operating characteristic of at least one 

element of the utility power signal supplied by the utility power supply; and generating 

transformer diagnostic information based on at least one operating characteristic of at least 

one element of the transformer module, where the transformer diagnostic information is 
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indicative of mean time between failure of the transformer module; and transferring the 

battery diagnostic information, the inverter diagnostic information, the utility diagnostic 

information, and the transformer diagnostic information between the diagnostic module and 

the cable television system.  

According to still a further aspect of the present invention there is provided a UPS 

module configured to be arranged between a utility power supply supplying a utility power 

signal and a cable television system comprising at least one load, comprising: a power 

system comprising a battery module, an inverter module, and a transformer module, where 

the power system is operatively connected between the utility power supply and the at least 

one load such that when the utility power signal is within predetermined line parameters, the 

power system operates in a line mode to supply power from the utility power supply to the at 

least one load through the transformer module, and supply power from the utility power 

supply to the battery module through the transformer module and the inverter module, and 

when the utility power signal is not within predetermined line parameters, the power system 

in a standby mode to supply power from the battery module to the at least one load through 

the inverter module and the transformer module; a diagnostic system comprising a battery 

diagnostic module configured to generate battery diagnostic information based on at least 

one of voltage, current, internal battery temperature, ambient temperature, charge times, 

and discharge times associated with the battery module, where the battery diagnostic 

information comprises current status information indicative of performance of the battery 

module if the power system is operated in the standby mode when the battery diagnostic 

information is generated, and projected status information indicative of projected 

performance of the battery module should the power system be operated in standby mode at 

some point in time after the diagnostic information is generated, an inverter diagnostic 

module configured to generate inverter diagnostic information based on a temperature within 

the inverter module associated with an electrolytic capacitor within the inverter module, 

where the inverter diagnostic information is indicative of mean time between failure of the 

inverter module, a utility diagnostic module configured to generate utility diagnostic 

information based on at least one of line surges, line sags, line outages, and line frequency 

deviation of utility power signal supplied by the utility power supply, and a transformer 

diagnostic module configured to generate transformer diagnostic information based on a 

temperature of a resonant capacitor within the transformer module, where the transformer 

diagnostic information is indicative of mean time between failure of the transformer module; 

and a communications module operatively connected between the diagnostic module and 

the communications system to transfer battery diagnostic information, inverter diagnostic 

information, utility diagnostic information, and transformer diagnostic information between 

the diagnostic system and the cable television system.  
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The present invention may be embodied as a UPS module configured to be arranged 

between at least one AC line and a communications system comprising at least one load, 

comprising a power system, a diagnostic system, and a communications module. The power 

system comprises a battery module, an inverter module, and a transformer module and is 

operatively connected between the AC line and the at least one load. The diagnostic system 

comprises a battery diagnostic module, an inverter diagnostic module, a utility diagnostic 

module, and a transformer diagnostic module. The battery diagnostic module is configured 

to generate battery diagnostic information based on at least one operating characteristic of 

at least one element of the battery module. The inverter diagnostic module is configured to 

generate inverter diagnostic information based on at least one operating characteristic of at 

least one element of the inverter module. The utility diagnostic module is configured to 

generate utility diagnostic information based on at least one operating characteristic of at 

least one element of the AC line connected to the power system. The transformer diagnostic 

module is configured to generate transformer diagnostic information based on at least one 

operating characteristic of at least one element of the transformer 
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module. The communications module operatively connected between the 

diagnostic module and the communications system to transfer diagnostic 

information between the diagnostic system and the communications system.  

The present invention may also be embodied as a method of providing 

5 uninterruptible power to at least one load of a communications system 

comprising the following steps. A power system comprising a battery module, 
an inverter module, and a transformer module is provided. The power system 

is arranged between at least one AC line and the at least one load. Battery 

diagnostic information is generated based on at least one operating 

10 characteristic of at least one element of the battery module. Inverter 

diagnostic information is generated based on at least one operating 

characteristic of at least one element of the inverter module. Utility diagnostic 

information is generated based on at least one operating characteristic of at 

least one element of the AC line connected to the power system.  

15 Transformer diagnostic information is generated based on at least one 

operating characteristic of at least one element of the transformer module.  

Diagnostic information is transferred between the diagnostic module and the 

communications system.  

The present invention may also be embodied as a UPS module 

20 configured to be arranged between at least one AC line and a 

communications system comprising at least one load. The UPS module 

comprises a power system, a diagnostic system, and a communications 

module. The power system comprises a battery module, an inverter module, 
and a transformer module and is operatively connected between the AC line 

25 and the at least one load. The diagnostic system comprises a battery 

diagnostic module, an inverter diagnostic module, a utility diagnostic module, 
and a transformer diagnostic module. The battery diagnostic module is 

configured to generate battery diagnostic information based on at least one of 

voltage, current, internal battery temperature, ambient temperature, charge 
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times, and discharge times associated with the battery module. The inverter 

diagnostic module is configured to generate inverter diagnostic information 

based on a temperature within the inverter module associated with an 

electrolytic capacitor within the inverter module. The utility diagnostic module 

5 is configured to generate utility diagnostic information based on at least one 

of line surges, line sags, line outages, and line frequency deviation of the AC 

line connected to the power system. The transformer diagnostic module is 

configured to generate transformer diagnostic information based on a 

temperature of a resonant capacitor within the transformer module. The 

10 communications module operatively connected between the diagnostic 

module and the communications system to transfer diagnostic information 

between the diagnostic system and the communications system.  

15 
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DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a simplified block diagram of a first embodiment of a data 

acquisition and control system 20 using uninterruptible power supplies 

5 constructed in accordance with, and embodying, the principles of the present 

invention; and 

FIG. 2 is a somewhat schematic view of a UPS system forming a part 

of the data acquisition and control system depicted in FIG. 1.  
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DETAILED DESCRIPTION 

Referring initially to FIG. 1 of the drawing, depicted therein is a data 

acquisition and control system 20 constructed in accordance with, and 

5 embodying, the principles of the present invention. The example data 

acquisition and control (DAC) system 20 comprises a communications system 

22 and a plurality of UPS modules 24a, 24b, and 24c. The UPS modules 

24a, 24b, and 24c need not be identical but will share certain characteristics 

and/or requirements as will be described in further detail. In this context, the 

10 reference character "24" may be used to refer to any single one of the UPS 

modules.  

FIG. 1 illustrates that the example communications system 22 

comprises a communications network 30 and a control center 32 and that a 

plurality of loads 34a, 34b, and 34c are distributed throughout the 

15 communications network 30. The loads 34a, 34b, and 34c need not be 

identical and may have differing characteristics and/or requirements as will be 

described in further detail. However, from the perspective of the DAC system 

20, the loads 34a, 34b, and 34c can be considered to be substantially the 

same, and the reference character "34" may be used to refer to any single 

20 one of the loads.  

In the example DAC system 20, one of the UPS modules 24a, 24b, 

and 24c is associated with each of the loads 34a, 34b, and 34c. The exact 

number of UPS modules supplied in any given implementation of the DAC 

system 20 depends on the details of the communications system 22 and in 

25 particular on the number and location of loads distributed through the 

communications system 22. While three UPS modules 24a, 24b, and 24c 

and loads 34a, 34b, and 34c are illustrated for simplicity in FIG. 1, it should be 

apparent that fewer and, more likely, more of the loads and UPS modules will 

be employed in a typical communications system.  
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FIG. 1 further illustrates that an AC line is supplied as a primary power 

source to the each of the UPS modules 24a, 24b, and 24c. In particular, in 

the example DAC system 20, a utility power line forms an AC line 40a that is 

supplied to both the first and second UPS modules 24 and 26. Primary power 

5 is provided to the third UPS module 28 through a separate AC line 40b that 

may be connected, for example, to a generator (not shown) located near the 

UPS module 28. Again, the example communications system 22 is 

somewhat simplified for purposes of clarity and any given communications 

system may use fewer or more primary power sources and power lines than 

10 the two identified in FIG. 1. In this context, the reference character "40" may 

be used to refer to any single one of the power lines.  

Turning now to FIG. 2 of the drawing, the details of the example UPS 

system 24 forming a part of the DAC system 20 will now be described in 

further detail. FIG. 2 further shows that the example UPS system 24 

15 comprises a power system 50, a diagnostic system 52, and a 

communications system 54. The communications system 54 is or may be 

conventional and allows data to be transmitted between the UPS system 24 

and the control center 32 through the communications network 30. The 

communications network will not be described herein beyond that extent 

20 necessary for a complete understanding of the present invention.  

The example power system 50 comprises a battery module 60, an 

inverter module 62, and a transformer module 64. The example power 

system 50 conventionally operates in a line mode in which a line AC output 

signal is supplied to the load 22 based on the primary power signal on the AC 

25 line 40. When the primary power signal on the AC line is absent or does not 

fall within certain predetermined parameters, the power system 50 operates in 

a standby mode in which a standby AC output signal is supplied to the load 

22 based on power stored in the battery module 60. The specifications of the 

power system 50 will be determined by the requirements of the particular load 
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24 to which the power system 50 is connected. These requirements typically 

include the minimum peak power provided to the load and the minimum 

expected time period for which power is to be supplied in standby mode.  

Power systems suitable for use as the example power system 50 are 

5 described, for example, in copending U.S. Patent Applications Serial Nos.  

60/305,926 (UPDATE), 12/803,787, 61/435,298 (UPDATE), and 61/435317 

(UPDATE), and those applications are incorporated herein by reference. The 

principles of the present invention may, however, be applied any conventional 

UPS system.  

10 The example diagnostic system 52 comprises a battery diagnostic 

module 70, an inverter diagnostic module 72, a utility diagnostic module 74, 

and a transformer diagnostic module 76. These modules 70, 72, 74, and 76 

may be implemented separately in hardware and/or may be software modules 

running on one or more processors. In any event, any combination of 

15 hardware modules and/or software modules capable of carrying out the logic 

described below may be used to implement the diagnostic system 52. Each 

of these modules 70, 72, 74, and 76 will be discussed in further detail below.  

1. Battery Diagnostic Module 

20 

Referring initially to the battery diagnostic module 70, that module 70 is 

connected to the battery module 60 to measure one or more parameters 

associated with individual batteries, individual strings comprising a plurality 

(two or more) of batteries, and/or any battery system comprising a plurality of 

25 strings of batteries. Measured parameters include, for example, voltage, 

current, internal battery temperature, ambient temperature, charge times, 

discharge times, and the like. Based on these measured parameters, the 

battery diagnostic module 70 generates both current and projected status 
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information associated with batteries, strings of batteries, and/or the entire 

battery system.  

The example battery diagnostic module 70 is capable of measuring the 

voltage across and charging individual batteries within the battery module 60.  

5 Accordingly, the example battery diagnostic module 70 is capable of 

generating current and projected status information for individual batteries 

within the battery module 70. For example, the battery diagnostic module 70 

generates current status information estimating how long individual batteries, 

strings of batteries, and/or the entire battery system will operate within 

10 desired parameters should the UPS module 24 be placed in standby mode.  

The battery diagnostic module 70 may further generate projected status 

information predicting how long individual batteries, strings of batteries, 

and/or the entire battery system are likely to operate within desired 

parameters should the UPS module 24 be placed in standby mode in a week 

15 or a month.  

The battery diagnostic module 70 transmits any such current and 

projected status information, along with any raw data associated with the 

measured parameters associated with the battery module 60, to the control 

center 32 through the module communications system 54 and the network 30.  

20 

2. Inverter Diagnostic Module 

The purpose of the inverter diagnostic module 72 is to provide the age 

of the inverter module 62 and predict the preventive maintenance and 

25 replacement alarms. In the example inverter module 62, a battery bus 

electrolytic capacitor is the primary life limited device and as such will be the 

benchmark for the calculations performed by the inverter diagnostic module 

72 in the example diagnostic system 52.  

The example inverter diagnostic module 72 calculates the mean time 
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between failure (MTBF) of the inverter module 62 using the temperature 

profile mapping operation described below to measure, estimate, and/or 

determine enclosure ambient temperature. The enclosure ambient 

temperature is external to the power system 50 and internal to the weather 

5 proof enclosure. In the example inverter system 62, the operational 

temperature of the electrolytic capacitor is computed using a temperature 

sensor mounted on the inverter heat sink. Experimental testing illustrates that 

an offset value should be added to the temperature value generated by the 

temperature sensor, and such value can be calculated for a particular 

10 arrangement of inverter components.  

Based on the temperature profile and offset value, a weighted average 

of the temperature profile can be calculated. The weighted average may 

further be reduced to provide a safety margin to the aging algorithm. The life 

of the life-limited component, in this case the electrolytic capacitor, is 

15 determined using weighted average in MTBF calculations. The life of the life

limited component may be used as the rated life value of the inverter module.  

The inverter age calculation may be performed as follows. The 

primary aging factor for the inverter is the temperature at which it operates.  

The design life is rated for a predetermined number of hours at a certain 

20 temperature level. The baseline temperature and an expected life of the 

inverter are used in the inverter age calculation.  

The aging algorithm may use an even more aggressive age calculation 

by requiring the device to age a minimum of one day every calendar day, 
regardless if the effective calculated age is less than one day per calendar 

25 day at temperatures less than the baseline temperature.  

In any event, in the example aging algorithm implemented by the 

example inverter diagnostic module 72, the temperature is sampled hourly 

and averaged daily. Once the daily average is calculated, the resultant aging 

will be determined by one of the following two methods depending upon the 
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average daily temperature.  

If the average daily temperature is greater than or equal to the baseline 

temperature, the inverter age in days is equal to the last sample's 

accumulated age in days + 2A[ (sample temp - baseline temperature) /10].  

5 Therefore, for every 10 degree rise over baseline temperature, the aging rate 

doubles. In other words, at 10 degrees over the baseline average for a day, 
the inverter has aged two days.  

If the average daily temperature is less than the baseline, the inverter 

age in days is equal to the accumulated age in days of the last sample plus 1 

10 day.  

The remaining life in days is thus equal to the expected life in days less 

the inverter age in days.  

The inverter diagnostic module generates a warning alarm if the 

remaining life of the life-limited component (i.e., the electrolytic capacitor) is 

15 less than six months.  

Replace alarms are generated under the following conditions: 

1. Inverter Heat-sink over-temp shut down; 

2. Utility OK and charger failed alarm activated for more than 6 
20 hours; and 

3. Self- test failed, but the battery is healthy ( >11.5V) during the 

self- test cycle 

To perform the foregoing calculations, the inverter diagnostic module 

25 72 needs real time temperature information. In the example module 72, a 

separate UPS main controller (not shown) communicates the real time 

temperature to the inverter diagnostic module 72. The UPS main controller 

also provides messages for the various replace conditions.  

The example inverter diagnostic module 72 requires no input screens.  
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The design life of the inverter is hard coded into firmware. Likewise, the 

alarm threshold is also hard coded into firmware. The manufacturing date of 

the inverter is provided to the module 72 from the UPS main controller as a 

logged configuration record.  

5 The example inverter diagnostic module 72 is configured to generate 

the following output screens. An Inverter Health screen is selected from the 

main menu.  

AlphaAPP v1.0 Status 

10 Inverter Health 

Transformer Health 

ENTR { } ESC 

Pressing ENTR selects the Inverter Health screen. The first line will 

15 indicate OK, WRN, or REP as a worst case analysis the inverter module 62.  

Inverter WRN 

Install Date 04/11 

Life Remaining 120M 

20 ESC 

The following screens show the REP alarms: 

Inverter REP 

25 Heat-sink Over-temp 

ESC 

Or: 
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Inverter REP 

Utility OK, 

Charger Fail > 6 Hrs 

ESC 

5 

Or: 

Inverter REP 

Battery > 11.5V OK, 

10 Self-test Failure 

ESC 

The example inverter diagnostic module 72 provides the following 

status information hourly to the communications system 56 for upstream use 

15 by the control center 32.  

Proposed Counter CIBs: 

eAPPInverter_1_Status (0 = OK, 1 = WRN (generates minor alarm), 2 

20 = REP (generates major alarm) 

eAPP_InverterMonthsLifeRemaining (0 to 120) 

The example inverter diagnostic module may further establish a web 

page indicating, for example, the following status information: Inverter Status 

25 (OK, WRN or REP); Inverter Life Remaining in months. This report should be 

updated every day.  

3. Utility Diagnostic Module 
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The purpose of utility diagnostic module 74 is to provide data logging 

on the supplied utility feed. This information allows the environment the UPS 

module 24 (e.g., XM3 system) has been operating in to be characterized.  

The example utility diagnostic module 74 is designed to store the following 

5 data types: Line Surges, Line Sags, Line Outages, and Line Frequency 

Deviation.  

A Line Sag event is captured and defined as an event that causes 

either of the lower two voltage relays to engage. The example power system 

50 contains tap switching relays (not shown) that do not change if the output 

10 voltage is within a predetermined tolerance to prevent unnecessary wear of 

the relays. This type of Line Sag event is not be recorded by the module 74.  

The main controller of the UPS system 24 communicates to the utility 

diagnostic module relay tap changes. In particular, when a tap is switched 

from "normal", the event will be saved in RAM and time stamped. When the 

15 tap is switched back to "normal", the duration of the Sag will then be 

permanently stored in memory.  

This function does not require an input screen, but a utility 

performance output screen may be provided as will now be described. The 

utility performance screen indicates either "OK" or "EVT", if the power supply 

20 is currently in a utility event (Outage, Sag, Surge, Frequency).  

Utility Perform EVT 

Sags EVT 

Surges 

25 ENTR } ESC 

The scrollable list entries containing Outages, Sags, Surges and 

Frequency will each have an "EVT" indicator as appropriate in real time.  

When the desired performance type is at the top of the list, pressing ENTR 
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will select the current status for this event type if it is in progress, otherwise 

the display will show the 24 hour history: 

Sag In Progress 

5 Start Time 23:52 

Duration 999M 
} ESC 

If the down arrow ( } ) is pressed, the display will show the past 24 

10 hours of status for this event type: 

Sag 24 Hr History 

Avg 333M 

Min111M Max 444M 

15 ENTR { } ESC 

If the down arrow ( }) is pressed, the display will show the total history 

for this event type: 

20 Sag Total History 

Events 1111 = 9999M 

Min 222M Max 333M 

ENTR { ESC 

25 Pressing ENTR will select a scrollable list of logged history for that 

type: 

Sag Log 

Date/Time/Duration 
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* No Entries 

ESC 

Or: 

5 

Sag Log 

Date/Time/Duration 

03/19/11 22:35 99M 

{ } ESC 

10 

The current and 24 hour Sag events may be updated every minute.  

The permanently logged events may be performed daily. In addition, the 

current and 24 hour information may be presented to the communications 

module 54 for upstream use.  

15 The following are proposed counter CIBs: 

eAPP Sag_CurrentDuration (0 if not in a Sag) 

eAPPSag_24_HourAvgeAPPSag_24_HourMin 

eAPPSag_24_HourMax 

20 eAPPSag_LifeCount 

eAPPSag_LifeTime 

eAPPSagLifeMin 

eAPPSag_Life_Max 

25 The current SAG event time can be calculated from the 

eAPPSAGCurrentDuration variable.  

The utility diagnostic module may establish a web page indicating the 

following information: 
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Report 1 (updated every minute): 

Current Status "SAGs", 

Current Event Time "V , 
Past 24 Hours Average Qty "W", 

5 Past 24 Hour Maximum Time "X", 
Past 24 Hour Minimum Time "Y". Update report every minute.  

Report 2 (updated every day): 

History "SAGs", 

10 System Life Qty Events "Z", 

Total Time in SAG Mode '72", 

Maximum Time in SAG Mode "Z3", 

Minimum Time in SAG Mode '74".  

15 A Line Surge event is the counterpart to the Line Sag event. In this 

case, the higher voltage relays have engaged.  

The main processor of the example UPS system 24 communicates 

relay tap changes to the utility diagnostic module 74. When a tap is switched 

from "normal", the event will be saved in RAM and time stamped. When the 

20 tap is switched back to "normal", the duration of the Surge will then be 

permanently logged in memory. This function of the utility diagnostic module 

74 does not require an input screen.  

The utility diagnostic module 74 may, however, display the following 

the utility performance screen indicating either "OK" or "EVT" if the power 

25 supply is currently in a utility event (Outage, Sag, Surge, Frequency).  

Utility Perform EVT 

Surge EVT 

Frequency 
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ENTR } ESC 

The scrollable list entries containing Outages, Sags, Surges and 

Frequency will each have an "EVT" indicator as appropriate in real time.  

5 When the desired performance type is at the top of the list, pressing ENTR 

will select the current status for this event type if it is in progress, otherwise 

the display will show the 24 hour history: 

Surge In Progress 

10 Start Time 23:52 

Duration 999M 

} ESC 

If the down arrow (}) is pressed, the display will show the past 24 

15 hours of status for this event type: 

Surge 24 Hr History 

Avg 333M 
Min 111M Max 444M 

20 ENTR { } ESC 

If the down arrow ( }) is pressed, the display will show the total history 

for this event type: 

25 Surge Total History 

Events 1111 = 9999M 

Min 222M Max 333M 

ENTR { ESC 
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Pressing ENTR will select a scrollable list of logged history for that 

type: 

Surge Log 

5 Date/Time/Duration 

* No Entries *** 

ESC 

Or: 

10 

Surge Log 

Date/Time/Duration 

03/19/11 22:35 99M 

{ } ESC 

15 

The current and 24 hour Surge events will be updated every minute.  

The permanently logged events will be performed daily. The current and 24 

hour information will be presented to the communications system 54 for 

upstream use.  

20 

Proposed Counter CIBs: 

eAPP_SurgeCurrentDuration (0 if not in a Surge) 

eAPPSurge_24_HourAvg 

eAPPSurge _24_HourMin 

25 eAPPSurge_24_HourMax 

eAPPSurgeLifeCount 

eAPPSurgeLifeTime 

eAPPSurgeLife Min 

eAPPSurgeLifeMax 
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The current Surge event time can be calculated from the 

eAPP_Surge CurrentDuration variable.  

The utility diagnostic module may establish a web page containing the 

5 following reports: 

Report 1 (updated every minute) 

Current Status "SURGEs", 

Current Event Time "V" , 

10 Past 24 Hours Average Qty "W", 

Past 24 Hour Maximum Time "X, 

Past 24 Hour Minimum Time "Y".  

Report 2 (updated every day) 

15 History "SURGEs", 

System Life Qty Events "Z", 

Total Time in SURGE Mode "Z2", 

Maximum Time in SURGE Mode "Z3", 

Minimum Time in SURGE Mode '4".  

20 

An outage event is captured when an event causes the power supply 

to switch to the inverter. Self tests are typically not included as an outage.  

The main processor of the UPS system 24 transfers to the utilty diagnostic 

module 74 information indicating inverter activation and deactivation. When 

25 the inverter is switched off, the duration of the Outage will then be 

permanently logged in memory. This function does not require an input 

screen.  

A utility diagnostic module 74 detecting outage events may be 

configured to display the following utility performance screens indicating 
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either "OK" or "EVT" if the power supply is currently in a utility event (Outage, 
Sag, Surge, Frequency).  

Utility Perform EVT 

5 Outages EVT 

Sags 

ENTR } ESC 

The scrollable list entries containing Outages, Sags, Surges, and 

10 Frequency will each have an "EVT" indicator as appropriate in real time.  

When the desired performance type is at the top of the list, pressing ENTR 

will select the current status for this event type if it is in progress, otherwise 

the display will show the 24 hour history: 

15 Outage In Progress 

Start Time 23:52 
Duration 999M 

} ESC 

20 If the down arrow ( }) is pressed, the display will show the past 24 

hours of status for this event type: 

Outage 24 Hr Histry 

Avg 333M 

25 Min 111M Max 444M 

ENTR { } ESC 

If the down arrow ( }) is pressed, the display will show the total history 

for this event type: 
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Outage Total History 

Events 1111 = 9999M 

Min 222M Max 333M 

5 ENTR { ESC 

Pressing ENTR will select a scrollable list of logged history for that 

type: 

10 Outage Log 

Date/Time/Duration 

* No Entries *** 

ESC 

15 Or: 

Outage Log 

Date/Time/Duration 

03/19/11 22:35 99M 

20 { } ESC 

The current and 24 hour Outage events will be updated every minute.  

The permanently logged events will be performed daily. The current and 24 

hour information will be presented in communications module 56 for upstream 

25 use.  

Proposed Counter ClBs: 

eAPPOutageCurrentDuration (0 if not in an Outage) 

eAPPOutage_24_HourAvg 

eAPPOutage 24_Hour_Min 
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eAPPOutage_24_HourMax 

eAPPOutageLifeCount 

eAPPOutageLifeTime 

eAPPOutageLife_Min 

5 eAPPOutageLifeMax 

The current Outage event time can be calculated from the 

eAPP_OutageCurrentDuration variable.  

The utility diagnostic module 74 may further provide a web page 

10 containing the following reports: 

Report 1 (Updated every minute) 

Current Status "OUTAGEs", 

Current Event Time "V' , 

15 Past 24 Hours Average Qty "W", 

Past 24 Hour Maximum Time "X", 

Past 24 Hour Minimum Time "Y".  

Report 2 (Updated every day) 

20 History "OUTAGEs", 

System Life Qty Events "Z", 
Total Time in OUTAGE Mode '2", 

Maximum Time in OUTAGE Mode "Z3", 

Minimum Time in OUTAGE Mode '74".  

25 

The utility diagnostic module 74 captures frequency events when the 

input line is out of a tolerance of by ±3Hz. Such frequency events will cause 

the inverter module 62 to operate.  

The main processor of the UPS module 24 will inform the utility 
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diagnostic module 74 when the input line frequency is out of tolerance. When 

the event ends, the duration of the event will then be permanently logged in 

memory. This function of the utility diagnostic module 74 does not require an 

input screen.  

5 The utility diagnostic module 74 may generate a utility performance 

screen indicating either "OK" or "EVT" if the power supply is currently in a 

utility event (Outage, Sag, Surge, Frequency).  

Utility Perform EVT 

10 Frequency EVT 

ENTR { ESC 

The scrollable list entries containing Outages, Sags, Surges and 

15 Frequency will each have an "EVT" indicator as appropriate in real time.  

When the desired performance type is at the top of the list, pressing ENTR 

will select the current status for this event type if it is in progress, otherwise 

the display will show the 24 hour history: 

20 Freq In Progress 

Start Time 23:52 

Duration 999M 

ENTR } ESC 

25 If the down arrow ( } ) is pressed, the display will show the past 24 

hours of status for this event type: 

Freq 24 Hr History 

Avg 333M 
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Min 111M Max 444M 

ENTR { } ESC 

If the down arrow (}) is pressed, the display will show the total history 

5 for this event type: 

Freq Total History 

Events 1111 = 9999M 

Min 222M Max 333M 

10 ENTR { ESC 

Pressing ENTR will select a scrollable list of logged history for that 

type: 

15 Freq Log 

Date/Ti me/Duration 

No Entries *** 

ESC 

20 Or: 

Freq Log 

Date/Time/Duration 

03/19/11 22:35 99M 

25 { } ESC 

The current and 24 hour Frequency events will be updated every 

minute. The permanently logged events will be performed daily. The current 

and 24 hour information will be presented in the communications system 54 
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for upstream use.  

Proposed Counter CIBs: 

eAPP_FrequencyCurrentDuration (0 if not in a Frequency event) 

5 eAPPFrequency_24_HourAvg 

eAPP_Frequency_24_Hour_Min 

eAPP_Frequency_24_HourMax 

eAPP_FrequencyLifeCount 

eAPP_Frequency LifeTime 

10 eAPPFrequency Life_Min 

eAPP_Frequency LifeMax 

The current Frequency event time can be calculated from the 

eAPPFrequency_CurrentDuration variable.  

15 The utility diagnostic module may establish a web page containing the 

following reports: 

Report 1 (Updated every minute) 

Current Status "FREQUENCY OUTAGE", 

20 Current Event Time "V , 

Past 24 Hours Average Qty "W", 

Past 24 Hour Maximum Time "X, 

Past 24 Hour Minimum Time "Y".  

25 Report 2 (Updated every day) 

History "FREQUENCY OUTAGEs", 

System Life Qty Events "Z", 

Total Time in FREQUENCY OUTAGE Mode "Z2", 

Maximum Time in FREQUENCY OUTAGE Mode "Z3", 
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Minimum Time in FREQUENCY OUTAGE Mode '24".  

4. XFMR Diagnostic Module 

5 The XFMR diagnostic module 76 estimates the age the transformer 

module 64 and generates current and projected status information associated 

with warning and replacement alarms. In the example transformer module 

64, the oil resonant capacitor is the life-limited device and as such will be the 

benchmark for the calculations.  

10 A system MTBF may be calculated using a predetermined temperature 

profile such as: 50% operation at 200C enclosure ambient; 33% operation at 

30*C enclosure ambient; 15% operation at 40*C enclosure ambient; and 2% 

operation at 600C enclosure ambient. The enclosure ambient temperature is 

external to the power system 50 and internal to the weather proof enclosure 

15 of the UPS system 24.  

Based on experimental testing, an offset value may be added to the 

measured operational temperature of the oil capacitor (life-limited 

component).  

A weighted average of this profile may be calculated to determine a 

20 baseline value. The baseline value may be even lower to incorporate a safety 

margin to the MTBF calculations. The life of the component will be 

determined using the MTBF calculations and be used as the rated life value.  

The primary aging factor for the Oil Capacitor is the temperature at 

which it operates. In particular, the design life of an Oil Capacitor is typically 

25 rated for a predetermined number of hours at a predetermined operating 

temperature.  

The aging algorithm may further be modified such that the device ages 

a minimum of 1 day every calendar day even if the effective calculated age is 

less than one day per calendar day at temperatures less than the baseline 
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value.  

The temperature is sampled hourly and averaged daily. Once the daily 

average is calculated, the resultant aging will be determined by one of the 

following two methods.  

5 If the average daily temperature is greater than or equal to 27C, the 

transformer age in days equals accumulated age of the last sample in days 

plus 2A[ (sample temp - baseline value) /10]. Therefore, for every 10 degree 

rise over the baseline value, the aging rate doubles. In other words, at 

baseline plus 10 average for a day, the transformer has aged two days.  

10 If the average daily temperature is less than 27C, the transformer age 

in days equals the accumulated age in days of the last sample plus 1 day.  

Given the foregoing, the remaining life in days equals the expected life 

in days less the transformer age in days.  

A WRN warning alarm will be generated if the remaining life is less 

15 than six months.  

REP (replace) alarms will be generated under the following conditions: 

Line Isolation Alarm 

Utility OK but Output Voltage out of range 

20 Charger failed but Inverter operates OK 

Incorrect Input / Output Voltage and Current out of tolerance 

The main processor of the UPS system 20 communicates real time 

temperature value to the XFMR diagnostic module 76. The main processor 

25 also provides messages for the various REP conditions. This function of the 

XFMR diagnostic module 76 requires not input screens.  

In the example XFMR diagnostic module 76, the design life of the 

transformer and the alarm threshold for WRN or REP are hard coded into the 

firmware. The main processor must provide the manufacturing date of the 
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transformer as a logged configuration record.  

The XFMR diagnostic module displays a Transformer Health screen 

that may be selected from the main menu.  

5 AlphaAPP v1.0 Status 

Transformer Health 

Utility Performance 

ENTR { } ESC 

10 Pressing ENTR selects the Transformer Health screen. The first line 

will indicate OK, WRN, or REP as a worst case analysis the XM3 transformer.  

Transformer WRN 

Install Date 04/11 

15 Life Remaining 1M 

ESC 

The following screens show the REP alarms: 

20 Transformer REP 

Line Isolation Fault 

ESC 

25 Or: 

Transformer REP 

Utility OK, 
Output Out Of Range 
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ESC 

Or; 

5 Transformer REP 

Inverter OK, 

Charger Failure 

ESC 

10 Or; 

Transformer REP 

Incorrect In/Out V & 

Current Out Of Tol 

15 ESC 
Ho 

The XFMR will present status information to the communication 

system 56 hourly for upstream use.  

Proposed Counter CIBs: 

20 

eAPPTransformer_1_Status (0 = OK, 1 = WRN (generates minor 

alarm), 2 = REP (generates major alarm) 

eAPPTransformerMonthsLifeRemaining ( 0 to 264) 

25 The XFMR diagnostic module 76 should generate a web page 

containing the following report: 

Report I (Updated every day) 

Transformer Status (OK, WRN or REP), and 
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Transformer Life Remaining in Months.  

Given the foregoing, it should be apparent that the principles of the 

present invention may be embodied in forms other than those described 

5 above. The scope of the present invention should thus be determined the 

claims to be appended hereto and not the foregoing detailed description of 

the invention.  

10 
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The claims defining the invention are as follows: 

1. A UPS module configured to be arranged between a utility power supply 

supplying a utility power signal and a cable television system comprising at least one load, 

comprising: 

a power system comprising a battery module, an inverter module, and a transformer 

module, where the power system is operatively connected between the utility power supply 

and the at least one load such that 

when the utility power signal is within predetermined line parameters, the power 

system operates in a line mode to supply power from the utility power supply to the at least 

one load through the transformer module, and 

supply power from the utility power supply to the battery module through the 

transformer module and the inverter module, and 

when the utility power signal is not within predetermined line parameters, the power 

system in a standby mode to supply power from the battery module to the at least one load 

through the inverter module and the transformer module; 

a diagnostic system comprising 

a battery diagnostic module configured to generate battery diagnostic information 

based on at least one operating characteristic of at least one element of the battery module, 

where the battery diagnostic information comprises 

current status information indicative of performance of the battery module if the 

power system is operated in the standby mode when the battery diagnostic information is 

generated, and 

projected status information indicative of projected performance of the battery 

module should the power system be operated in standby mode at some point in time after 

the diagnostic information is generated, 

an inverter diagnostic module configured to generate inverter diagnostic information 

based on at least one operating characteristic of at least one element of the inverter module, 

where the inverter diagnostic information is indicative of mean time between failure of the 

inverter module, 

a utility diagnostic module configured to generate utility diagnostic information based 

on at least one operating characteristic of at least one element of the utility power signal 

supplied by the utility power supply, and 

a transformer diagnostic module configured to generate transformer diagnostic 

information based on at least one operating characteristic of at least one element of the 

transformer module, where the transformer diagnostic information is indicative of mean time 

between failure of the transformer module; and 
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a communications module operatively connected between the diagnostic module and 

the communications system to transfer battery diagnostic information, inverter diagnostic 

information, utility diagnostic information, and transformer diagnostic information between 

the diagnostic system and the cable television system.  

2. The UPS module as recited in claim 1, in which the battery diagnostic module 

generates the battery diagnostic information based on at least one of voltage, current, 

internal battery temperature, ambient temperature, charge times, and discharge times 

associated with the battery module.  

3. The UPS module as recited in claim 1 or 2, in which the inverter diagnostic 

module generates the inverter diagnostic information based on a temperature within the 

inverter module associated with an electrolytic capacitor within the inverter module.  

4. The UPS module as recited in claim 1 or 2, in which the inverter diagnostic 

module generates the inverter diagnostic information based on an average daily temperature 

within the inverter module.  

5. The UPS module as recited in claim 4, in which the inverter diagnostic 

information is at least partly expressed as inverter age in days.  

6. The UPS module as recited in claim 5, in which: 

if the average daily temperature is greater than or equal to a baseline temperature, 

the inverter age in days is equal to an accumulated age in days of a last sample + 2^[ 

(sample temp - baseline temperature) /10]; and 

if the average daily temperature is less than the baseline temperature, the inverter 

age in days is equal to the accumulated age in days of the last sample plus 1 day.  

7. The UPS module as recited in any one of the preceding claims, in which the 

utility diagnostic module that generates the utility diagnostic information based on at least 

one of line surges, line sags, line outages, and line frequency deviation.  

8. The UPS module as recited in any one of the preceding claims, in which the 

transformer diagnostic module that generates the transformer diagnostic information based 

on a temperature of a resonant capacitor within the transformer module.  
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9. The UPS module as recited in claim 8, in which the inverter diagnostic 

module generates the transformer diagnostic information based on a temperature profile of 

the resonant capacitor.  

10. A method of providing uninterruptible power to at least one load of a cable 

television system from utility power signal supplied by a utility power supply, the method 

comprising the steps of: 

providing a power system comprising a battery module, an inverter module, and a 

transformer module; 

arranging the power system between the utility power supply and the at least one 

load; 

when the utility power signal is within predetermined line parameters, operating the 

power system in a line mode to supply power from the utility power supply to the at least one 

load through the transformer module, and 

supply power from the utility power supply to the battery module through the 

transformer module and the inverter module; 

when the utility power signal is not within predetermined line parameters, operating 

the power system to supply power from the battery module to the at least one load through 

the inverter module and the transformer module; 

generating battery diagnostic information based on at least one operating 

characteristic of at least one element of the battery module, where the battery diagnostic 

information comprises 

current status information indicative of performance of the battery module if the 

power system is operated in the standby mode when the battery diagnostic information is 

generated, and 

projected status information indicative of projected performance of the battery 

module should the power system be operated in standby mode at some point in time after 

the diagnostic information is generated; 

generating inverter diagnostic information based on at least one operating 

characteristic of at least one element of the inverter module, where the inverter diagnostic 

information is indicative of mean time between failure of the inverter module; 

generating utility diagnostic information based on at least one operating characteristic 

of at least one element of the utility power signal supplied by the utility power supply; and 

generating transformer diagnostic information based on at least one operating 

characteristic of at least one element of the transformer module, where the transformer 

diagnostic information is indicative of mean time between failure of the transformer module; 

and 
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transferring the battery diagnostic information, the inverter diagnostic information, the 

utility diagnostic information, and the transformer diagnostic information between the 

diagnostic module and the cable television system.  

11. The method as recited in claim 10, in which the battery diagnostic information 

is generated based on at least one of voltage, current, internal battery temperature, ambient 

temperature, charge times, and discharge times associated with the battery module.  

12. The method as recited in claim 10 or 11, in which the inverter diagnostic 

information is generated based on a temperature within the inverter module associated with 

an electrolytic capacitor within the inverter module.  

13. The method as recited in claim 10 or 11, in which the inverter diagnostic 

information is generated based on an average daily temperature within the inverter module.  

14. The method as recited in claim 13, further comprising the steps of: 

if the average daily temperature is greater than or equal to a baseline temperature, 

calculating an inverter age in days as an accumulated age in days of a last sample + 2^[ 

(sample temp - baseline temperature) /10]; and 

if the average daily temperature is less than the baseline temperature, calculating the 

inverter age in days as the accumulated age in days of the last sample plus 1 day.  

15. The method as recited in any one of claims 10 to 14, in which the utility 

diagnostic information is generated based on at least one of line surges, line sags, line 

outages, and line frequency deviation.  

16. A UPS system as recited in any one of claims 10 to 15, in which the 

transformer diagnostic information is generated based on a temperature of a resonant 

capacitor within the transformer module.  

17. The method as recited in claim 16, in which the inverter diagnostic information 

is generated based on a temperature profile of the resonant capacitor.  

18. A UPS module configured to be arranged between a utility power supply 

supplying a utility power signal and a cable television system comprising at least one load, 

comprising: 
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a power system comprising a battery module, an inverter module, and a transformer 

module, where the power system is operatively connected between the utility power supply 

and the at least one load such that 

when the utility power signal is within predetermined line parameters, the power 

system operates in a line mode to supply power from the utility power supply to the at least 

one load through the transformer module, and 

supply power from the utility power supply to the battery module through the 

transformer module and the inverter module, and 

when the utility power signal is not within predetermined line parameters, the power 

system in a standby mode to supply power from the battery module to the at least one load 

through the inverter module and the transformer module; 

a diagnostic system comprising 

a battery diagnostic module configured to generate battery diagnostic information 

based on at least one of voltage, current, internal battery temperature, ambient temperature, 

charge times, and discharge times associated with the battery module, where the battery 

diagnostic information comprises 

current status information indicative of performance of the battery module if the 

power system is operated in the standby mode when the battery diagnostic information is 

generated, and 

projected status information indicative of projected performance of the battery 

module should the power system be operated in standby mode at some point in time after 

the diagnostic information is generated, 

an inverter diagnostic module configured to generate inverter diagnostic information 

based on a temperature within the inverter module associated with an electrolytic capacitor 

within the inverter module, where the inverter diagnostic information is indicative of mean 

time between failure of the inverter module, 

a utility diagnostic module configured to generate utility diagnostic information based 

on at least one of line surges, line sags, line outages, and line frequency deviation of utility 

power signal supplied by the utility power supply, and 

a transformer diagnostic module configured to generate transformer diagnostic 

information based on a temperature of a resonant capacitor within the transformer module, 

where the transformer diagnostic information is indicative of mean time between failure of 

the transformer module; and 

a communications module operatively connected between the diagnostic module and 

the communications system to transfer battery diagnostic information, inverter diagnostic 

information, utility diagnostic information, and transformer diagnostic information between 

the diagnostic system and the cable television system.  
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19. The UPS module as recited in claim 18, in which: 

if the average daily temperature is greater than or equal to a baseline temperature, 

an inverter age in days is equal to an accumulated age in days of a last sample + 2^[ 

(sample temp - baseline temperature) /10]; and 

if the average daily temperature is less than the baseline temperature, the inverter 

age in days is equal to the accumulated age in days of the last sample plus 1 day.  

20. The UPS module as recited in claim 18 or 19, in which the inverter diagnostic 

module generates the transformer diagnostic information based on a temperature profile of 

the resonant capacitor.  
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