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Abstract: Various battery systems are discussed so that the user can make informed decisions on selection,
installation design, installation, maintenance, and testing of stationary standby batteries used in
uninterruptible power supply (UPS) systems. This guide describes how the UPS battery charging and
converter components can relate to the selection of the battery systems. Design requirements of the UPS
components are beyond the scope of this document. Battery back-up systems for dc-output rectifiers are also
beyond the scope of this document. .
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IEEE Standards documents are developed within the IEEE Societies and the Standards Coordinating
Committees of the IEEE Standards Association (IEEE-SA) Standards Board. The IEEE develops its standards
through a consensus development process, approved by the American National Standards Institute, which brings
together volunteers representing varied viewpoints and interests to achieve the final product. Volunteers are not
necessarily members of the Institute and serve without compensation. While the IEEE administers the process
and establishes rules to promote fairness in the consensus development process, the IEEE does not independently
evaluate, test, or verify the accuracy of any of the information contained in its standards.

Use of an IEEE Standard is wholly voluntary. The IEEE disclaims liability for any personal injury, property or
other damage, of any nature whatsoever, whether special, indirect, consequential, or compensatory, directly or
indirectly resulting from the publication, use of, or reliance upon this, or any other IEEE Standard document.

The IEEE does not warrant or represent the accuracy or content of the material contained herein, and expressly
disclaims any express or implied warranty, including any implied warranty of merchantability or fitness for »
specific purpose, or that the use of the material contained herein is free from patent infringement. IEEE Standards
documents are supplied “AS IS.”

The existence of an IEEE Standard does not imply that there are no other ways to produce, test, 1. 2asuic,
purchase, market, or provide other goods and services related to the scope of the IEEE Standard. Furthermor.; the
viewpoint expressed at the time a standard is approved and issued is subject to change brought a»out through
developments in the state of the art and comments received from users of the standard. Every 1.7 Standard is
subjected to review at least every five years for revision or reaffirmation. When a document ‘= mor: than five
years old and has not been reaffirmed, it is reasonable to conclude that its contents, althoug  sti ] of some value,
do not wholly reflect the present state of the art. Users are cautioned to check to d:tert. ine that they have the
latest edition of any IEEE Standard.

In publishing and making this document available, the IEEE is not suggesi. 1g or rendering professional or other
services for, or on behalf of, any person or entity. Nor is the IEEE under-king o perform any duty owed by any
other person or entity to another. Any person utilizing this, and ary ott >r IETE Standards document, should rely
upon the advice of a competent professional in determining the exeicise of reasonable care in any given
circumstances.

Interpretations: Occasionally questions may arise regarding ' he m¢aning of portions of standards as they relate to
specific applications. When the need for interpretations is broug... w0 the attention of IEEE, the Institute will initiate
action to prepare appropriate responses. Since IEEE:Standards represent a consensus of concerned interests, it is
important to ensure that any interpretation has a'so i >ceived the concurrence of a balance of interests. For this
reason, IEEE and the members of its societies.and Sta: !ards Coordinating Committees are not able to provide an
instant response to interpretation requests e ot 1. those cases where the matter has previously received formal
consideration. At lectures, symposia; sem n.s, Or educational courses, an individual presenting information on
IEEE standards shall make it clear that i ‘s or ..cr views should be considered the personal views of that individual
rather than the formal position, expla. atioi; or interpretation of the IEEE.

Comments for revision of I".EF Standards are welcome from any interested party, regardless of membership
affiliation with IEEE. Sugges ‘ons for changes in documents should be in the form of a proposed change of text,
together with appropriatc supporting comments. Comments on standards and requests for interpretations should
be addressed to:

Secretary, IEEE-SA Standards Board

445 Hoes Lane

Piscataway, NJ 08854

USA

Asrthorization to photocopy portions of any individual standard for internal or personal use is granted by the
Ins itute of Electrical and Electronics Engineers, Inc., provided that the appropriate fee is paid to Copyright
Cice ance Center. To arrange for payment of licensing fee, please contact Copyright Clearance Center, Customer
Servi e, 222 Rosewood Drive, Danvers, MA 01923 USA; +1 978 750 8400. Permission to photocopy portions of
any individual standard for educational classroom use can also be obtained through the Copyright Clearance
Center.
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Introduction

This introduction is not part of IEEE Std 1184-2006, IEEE Guide for Batteries for Uninterruptible Power Supply
Systems.

Our society’s increasing dependence on computerized information has resulted in the expanded use of
uninterruptible power systems (UPS) to ensure the integrity of essential power systems. These systems
require that stored energy be available to maintain operation. Although rotating inertia has at times been
used to store this energy, batteries remain the preferred method of energy storage for this purpose. Ar arre”
of battery designs and extensive technologies are available to the user.

This guide is intended to inform the user of the various battery technologies available and some 0. the uesign
points to be considered when selecting a battery for UPS applications. Some of the batter 7 design options
that result in volumetric efficiency may also result in reduced life. This guide can help >= tser to become
aware of which designs and operating procedures can result in optimum battery lif>. Ti.'s gui le is intended
to be used along with IEEE Std 485™, IEEE Recommended Practice for Siz'iiz Lea-Acid Batteries for
Stationary Applications; IEEE Std 484™, IEEE Recommended Practice or listallation Design and
Installation of Vented Lead-Acid Batteries for Stationary Apnlicitions; 1EEE Std 450™, IEEE
Recommended Practice for Maintenance, Testing, and Replacement » “cated Lead-Acid Batteries for
Stationary Applications; and IEEE Std 1106™, IEEE Recommend :d Practice for Installation, Maintenance,
Testing, and Replacement of Vented Nickel-Cadmium Battcries “or iadonary Applications.

Notice to users

Errata

Errata, if any, for this and all ‘ott.>r standards can be accessed at the following URL: http:/
standards.ieee.org/reading/ieee/up *atc 3/errata/index.html. Users are encouraged to check this URL for

errata periodically.

Interpretations

Current inter retac’ons can be accessed at the following URL: http://standards.iece.org/reading/icee/interp/

index.html.

Fotenwe

Attention is called to the possibility that implementation of this standard may require use of subject matter
covered by patent rights. By publication of this standard, no position is taken with respect to the existence or
validity of any patent rights in connection therewith. The IEEE shall not be responsible for identifying
patents or patent applications for which a license may be required to implement an IEEE standard or for
conducting inquiries into the legal validity or scope of those patents that are brought to its attention.

I\
Copyright © 2006 IEEE. All rights reserved.


https://www.stdhive.com/standards/ieee-1184-2006-pdf/

Participants

At the time this guide was completed, the Uninterruptible Power Supply (UPS) System working group had
the following membership:
Bansi R. Patel, Chair

Curtis Ashton Pete DeMar Ed Rafter

Gary Balash Richard Greco Omi Samanta
Robert Beavers Roger Johnson Robert J. Schmitt
Richard T. Bolgeo Wayne Johnson M. A. (Sam) Shah
William Cantor John Kopera H. F. (Hal) Taylor
Jay Chamberlin Jose A. Marrero Richard Tressler
Bart Cotton Stephen McCluer Lesley Varga
Thomas G. Croda Jim McDowall Al Williamson

The following members of the individual balloting committee voted on this standard. Ballotci: ma, nave
voted for approval, disapproval, or abstention.

Samuel Aguirre Gary Engmann Edwurd Kafter
James Anderson Harold Epstein Rehert Ko inson
Curtis Ashton Trilok Garg Char, s Rogers
Gary Balash Jerry Goerz Suin Sapo
Robert Beavers Richard Greco t(obert Seitz
Richard T. Bolgeo Randall Groves ?jg:;%i?grmgs
William Cantor Joseph Jancauskas H. F. (Hal) Taylor
Garth Corey Alan Jensen Richard Tress]
ichard Tressler
Stephen Dare_ Jose A. Marrero Lesley Varga
Matthew Davis Stephen McCluer James Wilson
Jerry DiSciullo Jim McDowall Edward Wirth
Neal Dowling G. Michel Donald W. Zipse
James Edmonds Bansi R. Pat\! Ahmed Zobaa

When the IEEE-SA Standards Board approved this_ guide on 30 March 2006, it had the following
membership:
Stevo M. Mills, Chair
Richz.d H. Hulett, Vice Chair
L o= Wright, Past Chair
Judith Gorman, Secretary

Mark D. Bowman William B. Hopf Greg Ratta
Dennis B. Brophy Joseph L. Koepfinger* Robby Robson
William R. Goldbach David J. Law Anne-Marie Sahazizian
Arnold M. Greetispa: Daleep C. Mohla Virginia C. Sulzberger
Robert M. Grow T. W. Olsen

. Malcolm V. Thaden
Joanna N Guenin Glenn Parsons )
Julian Thrsto* Ronald C. Petersen Richard L. .Townsend
Mar: S. i alpin Tom A. Prevost Walter Weigel

Kennev. S. Hanus Howad L. Wolfman

* {ember Emeritus

N
Copyright © 2006 IEEE. All rights reserved


https://www.stdhive.com/standards/ieee-1184-2006-pdf/

Also included are the following nonvoting IEEE-SA Standards Board liaisons:

Satish K. Aggarwal, NRC Representative
Richard DeBlasio, DOE Representative
Alan H. Cookson, NIST Representative

Michelle D. Turner
IEEE Standards Program Manager, Document Development

Angela Ortiz
IEEE Standards Program Manager, Technical Program Development

vi
Copyright © 2006 IEEE. All rights reserved.


https://www.stdhive.com/standards/ieee-1184-2006-pdf/

CONTENTS

L. OVETVIBW .ttt ettt ettt e a ettt et bbbt e h e h e s e st e e e b e bt e bt eb e e bt eh e emt et e b e et e et e eaeene et ensenten 1
B BT o T PSSR PRTRPPTOP 1
LL2 PUIPOSE -ttt ettt ettt st e et e s et e e ab e e e et e e eab e e s et e e e abeesa bt e enbeeenbeeenbeenabeesabeenates 1

2. NOTMALIVE TETETEICES. .....vteutetiteitietieit ettt sttt ettt et b e et b e ettt e st et et seeebeebeeaeeneeneen 2

TR D 1S 121 () RSP PSRPURRRRS L2

O ST 11 1<) 1 0PTSRS oo N e
4.1 GONETAL ...ttt et a e ettt ettt e naeereenneeneeeneenn] e 3
4.2 Performance CONSIAEIAtIONS ........cc.eiuiiuieiieieieieie ettt ettt sttt ne et eeen e es e 4
4.3 Vented lead-acid (VLA) DAtteries......c.ecvevuieirieiieiieiieeieecte et eve v eese e eee s S e 4
4.4 Valve-regulated lead-acid (VRLA) DAtteries .......cceiuiririiiiieiieiieieieiee e D et eeeieeeeieens 4
4.5 Vented Ni-Cd DAteTIes .....cc.eiueiiiiieiieieieieteste sttt sttt e s et e b bt it eaeeneentennens 6
4.6 Sealed Ni-Cd DAttErIes ......ccererririiriiriieieieieie sttt seesie e ss D reeeetete et enseneens 7

5. Selection CONSIAETALIONS .......couivuertiriiriiriieiieietetertete ettt e et ste sttt et et et besaeebeebeenneaens 7
5.1 Design CONSIACTATIONS ... ..evievieieeieeieeiiesieeieeeeeeeseeenteeseees aenteesaes eenaesseesseenseesseessesssenseenseessesseensens 7
5.2 Battery footprint and floor 10ading ..........c.cocueviiriiiiicieecies e e 8
TR B 2 1113y 0 1 £ PP UUS 8
5.4 Ventilation .......cccoevieiiiiiiiieeee e PI.... N +eeeverrerreste st e st et e s et e e te et et et e reenrans 9

6. APPlICation CONSIACTALIONS ......eeiuieuiieiietieetieti ettt et et e teesee st e ste e et et e eaeeeseeseeaneeeneeeseeeseenseeneeenaesseenneas 11
6.1 INStallation AESIZI......eeuiiieieieieie e e e e ettt ettt e ettt s et e et a e e b st ene e e e ee 11
6.2 UPS operating CONSIACTATION ......evuee e iihit ittt ettt ettt et st sieenbe et et e eaeenteeneeens 13
6.3 Warranty CONSIACTAIONS ......c.veves teeti ittt ettt ettt sttt et e e ettt e st et e e e e saeenteenneens 14

7. BAEIY SIZINEZ. . .eovietieiieeiieiieeiiesiee eeries e eteesteesteesteeseesseeseesseesseessesss e saenseesseessesseesseesseesseenseenseessenssensaensees 15
7.1 VOoltage WINAOW AESIZ L. 1. ivveeiieieiieiiesieerte e eteetteeteesteebeesbessseeteesseesseesesssessaesseesseenseessesseeseensenns 15
7.2 TOMPETALUTE......eeo o ceeees o iteiite ettt ettt ettt ettt et e ettt et e eatteesaeeeabeesaseeenteesabeeenbeesaseesnseesaseennseesnseennnes 15
7.3 Design and aging COuSIACTALIONS ........evuveieieriietieteeieetestteteeteeetesteesteesseesessaessaesseenseensesssesseenseenseans 17
7.4 Battery Sizing alCu TatIONS ......iiiiiiieeieiieit ettt ettt et ettt ereesneenseenseens 17
7.5 Sample applicai 2z three-phase UPS.........oooiiiiiiiieeeeeee et 18

eI 0] 1018 TS (O 1 3V TSRS 23
8. 1TDIESIZN AANETEIICE. ...ttt ettt ettt ettt et eeee e et e e s bt ebe e et emeeemeeeseesaeeneesseeeneenseenneans 23
2.2 118tallation AANETEICE .......eeiuieeieiieiie ettt ettt ettt ettt e s e b et ettt e ne e e enes 23
8.3 FurfOrmance adNeIEIICE. .....cocuiiuiiiiiiiiiiee ettt s e 23

9. VIaINtENANCE ANA LESTIMEZ ....veeieiiieiieit ettt ettt s bt et e bt ettt e et e ebe e bt enbeesteeneesbeenneas 23
9.1 GEINETAL ...ttt ettt ettt b e bt bt a e bbbt b bt b e neen et 23
0.2 SATCEY .ttt ettt ettt ae bt et e e at e at e bt et e e b e st e e abeeheeere e beenaeenteeseeeneenreenreans 24
9.3 Maintenance of lead-acid DALETIES ........coueruiiieiiiiriirierie e 25
9.4 Maintenance requirements — Ni-Cd........cccooriiiiiiiiiiieiieieieee ettt e e eeeenseens 29

vii

Copyright © 2006 IEEE. All rights reserved.


https://www.stdhive.com/standards/ieee-1184-2006-pdf/

0.5 TSN ..e.veeuveeite ettt ettt et e e et e te et e e b e esbesatesseesseesseesseesseessaaseessaesseesseassesseessaenseensesneesseenneenseenseans 31

0.6 DIata ANALYSIS....ecviiuiiieieitieitiete ettt ettt ettt et e et e sttt e b e b e et e ete e te e be e b e e b e estesaeesreebesneeeseeeneereenreens 33
9.7 RECOTA TELETIION ..uenvitiiieiieiteatet ettt sttt et et b e st b et et et bt st be bt eae et nee 36
Annex A (informative) BibIIOZIaAPIY .....c.coovieiieiiiiieitieie ettt 37
Annex B (normative) SeiSMIC T@QUITCINCIILS. ........eeverrierirerteeieeteeeeeteeeeeeeeseesseeseessessaessaesseensesnsesssessesnsesnes 39
Annex C (normative) Lead-acid battery technology ..........ccooiiiiiiiiiiiiei e 40
Annex D (normative) Ni-Cd battery teChnolOZY .......ceoviiiiiiiiiiiiieii et 4,

Annex E (normative) Service life CONSIAErations ...........ccveiivieecrieiiieeiie e eree st eereesreeeree s heeaveesseesseeenes 50
Annex F (normative) COMMISSIONIIIE .....veeuveruierueiieiieriienitentteieeieeeteesteenteenseeseesteesseens e s heaueenneenseenaeeneesaes 54
Annex G (normative) Maintenance and testing intervals ...........ococeefcie i 62

viii

Copyright © 2006 IEEE. All rights reserved.


https://www.stdhive.com/standards/ieee-1184-2006-pdf/

IEEE Guide for Batteries for
Uninterruptible Power Supply Systems

1. Overview

1.1 Scope

This guide discusses various battery systems so that the user can make informed decisions on selection,
installation design, installation, maintenance, and testing of stationary standby batteries used in
uninterruptible power supply (UPS) systems. This guide describes how the UPS battery charging and
converter components can relate to the selection of the battery systems. Design requirements of the UPS
components are beyond the scope of this document. Battery back-up systems for dc-output rectifiers are
also beyond the scope of this document. While this document applies to all UPS systems, it may be
impractical to implement some of its guidance and recommendations with small, self-contained systems,
such as products intended to back up individual personal computers.

This guide divides the available technologies into the following three main categories:

— Vented lead-acid batteries (VLA)
— Valve-regulated lead acid (VRLA)
— Ni-Cd batteries (Ni-Cd)

For each category, the technology and the design of the battery are described in order to facilitate user
selection. The specific advantages for particular applications are also listed.

1.2 Purpose

This guide is intended to assist those involved with battery systems for uninterruptible power supply
systems. Proper design, installation, and maintenance will enable the user to manage the battery system for
optimum operation and results.

1
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