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Abstract: Operational parameters that may be observed by battery monitoring equipment used in
stationary applications and the relative value of such observations are discussed in this guide.
Although a list of commercially available systems is not given, a means for establishing
specifications for the desired parameters to be monitored is provided.

Keywords: airflow, ambient temperature, automated battery monitoring, battery applications,
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techniques, battery temperature, battery types, battery voltage, charge and discharge,
communications interfaces, connection, connection resistance, coup de fouet, cycles, ground
fault detection, grounding, humidity, IEEE 1491, measurement parameters, ohmic value,
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Notice and Disclaimer of Liability Concerning the Use of IEEE Documents: IEEE Standards documents are developed
within the IEEE Societies and the Standards Coordinating Committees of the IEEE Standards Association (IEEE-SA)
Standards Board. 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 IEEE administers the process
and establishes rules to promote fairness in the consensus development process, IEEE does not independently evaluate, test, or
verify the accuracy of any of the information or the soundness of any judgments contained in its standards.

Use of an IEEE Standard is wholly voluntary. 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 any IEEE Standard document.

IEEE does not warrant or represent the accuracy or content of the material contained in its standards, and expressly disclaims
any express or implied warranty, including any implied warranty of merchantability or fitness for a specific purpose, or that
the use of the material contained in its standards 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, measure, purchase, market, or
provide other goods and services related to the scope of the IEEE standard. Furthermore, the viewpoint expressed at the time a
standard is approved and issued is subject to change brought about through developments in the state of the art and comments
received from users of the standard. Every IEEE standard is subjected to review at least every ten years. When a document is
more than ten years old and has not undergone a revision process, it is reasonable to conclude that its contents, although still of
some value, do not wholly reflect the present state of the art. Users are cautioned to check to determine that they have the
latest edition of any IEEE standard.

In publishing and making its standards available, IEEE is not suggesting or rendering professional or other services for, or on
behalf of, any person or entity. Nor is IEEE undertaking to perform any duty owed by any other person or entity to another.
Any person utilizing any IEEE Standards document, should rely upon his or her own independent judgment in the exercise of
reasonable care in any given circumstances or, as appropriate, seek the advice of a competent professional in determining the
appropriateness of a given IEEE standard.

Translations: The IEEE consensus development process involves the review of documents in English only. In the event that
an IEEE standard is translated, only the English version published by IEEE should be considered the approved IEEE standard.

Official Statements: A statement, written or oral, that is not processed in accordance with the IEEE-SA Standards Board
Operations Manual shall not be considered the official position of IEEE or any of its committees and shall not be considered to
be, nor be relied upon as, a formal position of IEEE. At lectures, symposia, seminars, or educational courses, an individual
presenting information on IEEE standards shall make it clear that his or her views should be considered the personal views of
that individual rather than the formal position of IEEE.

Comments on Standards: Comments for revision of IEEE Standards documents are welcome from any interested party,
regardless of membership affiliation with [EEE. However, IEEE does not provide consulting information or advice pertaining
to IEEE Standards documents. Suggestions for changes in documents should be in the form of a proposed change of text,
together with appropriate supporting comments. Since IEEE standards represent a consensus of concerned interests, it is
important to ensure that any responses to comments and questions also receive the concurrence of a balance of interests. For
this reason, IEEE and the members of its societies and Standards Coordinating Committees are not able to provide an instant
response to comments or questions except in those cases where the matter has previously been addressed. Any person who
would like to participate in evaluating comments or revisions to an IEEE standard is welcome to join the relevant IEEE
working group at http:/standards.ieee.org/develop/wg/.

Comments on standards should be submitted to the following address:

Secretary, IEEE-SA Standards Board
445 Hoes Lane

Piscataway, NJ 08854

USA

Photocopies: Authorization to photocopy portions of any individual standard for internal or personal use is granted by The
Institute of Electrical and Electronics Engineers, Inc., provided that the appropriate fee is paid to Copyright Clearance Center.
To arrange for payment of licensing fee, please contact Copyright Clearance Center, Customer Service, 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.

Documents

Document Sharing Hub
Authorized licensed use limited to: Tsinghua University. Downloaded on February 24,2026 at 17:19:22 UTC from IEEE Xplore. Restrictions apply.

Full document details: IEEE 1491-2012


http://www.avadocuments.com/doc/ieee-1491-2012
http://www.avadocuments.com/doc/ieee-1491-2012

Notice to users

Laws and regulations

Users of IEEE Standards documents should consult all applicable laws and regulations. Compliance with
the provisions of any IEEE Standards document does not imply compliance to any applicable regulatory
requirements. Implementers of the standard are responsible for observing or referring to the applicable
regulatory requirements. IEEE does not, by the publication of its standards, intend to urge action that is not
in compliance with applicable laws, and these documents may not be construed as doing so.

Copyrights

This document is copyrighted by the IEEE. It is made available for a wide variety of both public and
private uses. These include both use, by reference, in laws and regulations, and use in private self-
regulation, standardization, and the promotion of engineering practices and methods. By making this
document available for use and adoption by public authorities and private users, the IEEE does not waive
any rights in copyright to this document.

Updating of IEEE documents

Users of IEEE Standards documents should be aware that these documents may be superseded at any time
by the issuance of new editions or may be amended from time to time through the issuance of amendments,
corrigenda, or errata. An official IEEE document at any point in time consists of the current edition of the
document together with any amendments, corrigenda, or errata then in effect. In order to determine whether
a given document is the current edition and whether it has been amended through the issuance of
amendments, corrigenda, or errata, visit the IEEE-SA Website at http://standards.ieee.org/index.html or
contact the IEEE at the address listed previously. For more information about the IEEE Standards
Association or the IEEE standards development process, visit IEEE-SA  Website at
http://standards.ieee.org/index.html.

Errata

Errata, if any, for this and all other standards can be accessed at the following URL:
http://standards.iece.org/findstds/errata/index.html. Users are encouraged to check this URL for errata
periodically.

Patents

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 by the IEEE with respect to
the existence or validity of any patent rights in connection therewith. If a patent holder or patent applicant
has filed a statement of assurance via an Accepted Letter of Assurance, then the statement is listed on the
IEEE-SA Website at http://standards.iecee.org/about/sasb/patcom/patents.html. Letters of Assurance may
indicate whether the Submitter is willing or unwilling to grant licenses under patent rights without
compensation or under reasonable rates, with reasonable terms and conditions that are demonstrably free of
any unfair discrimination to applicants desiring to obtain such licenses.
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Essential Patent Claims may exist for which a Letter of Assurance has not been received. The IEEE is not
responsible for identifying Essential Patent Claims for which a license may be required, for conducting
inquiries into the legal validity or scope of Patents Claims, or determining whether any licensing terms or
conditions provided in connection with submission of a Letter of Assurance, if any, or in any licensing
agreements are reasonable or non-discriminatory. Users of this standard are expressly advised that
determination of the validity of any patent rights, and the risk of infringement of such rights, is entirely
their own responsibility. Further information may be obtained from the IEEE Standards Association.
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Introduction

This introduction is not part of IEEE Std 1491-2012, IEEE Guide for Selection and Use of Battery Monitoring
Equipment in Stationary Applications.

The monitoring of stationary batteries can be an important part of ongoing maintenance, testing,
surveillance, and determination of the state of health of the battery system. Monitoring is becoming
increasingly significant with the decline of specialist crafts persons, cutbacks in maintenance personnel, the
advent of unmanned battery locations, increased understanding of the risks of battery failure, and sites that
are difficult to access. This guide is intended to fulfill a need within the industry to provide background
information, explain battery measurement parameters, and illustrate monitoring techniques.

This guide may be used separately, and when combined with other pertinent IEEE standards listed in
Clause 2, it can provide a guide for total stationary battery maintenance.
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IEEE Guide for Selection and Use of Battery Monitoring Equipmentin
Stationary Applications

IMPORTANT NOTICE: IEEE Standards documents are not intended to ensure safety, health, or

environmental protection, or ensure against interference with or from other devices or networks.

Implementers of IEEE Standards documents are responsible for determining and complying with all

appropriate safety, security, environmental, health, and interference protection practices and all

applicable laws and regulations.

This IEEE document is made available for use subject to important notices and legal

disclaimers. These notices and disclaimers appear in all publications containing this document and

may be found under the heading “Important Notice” or “Important Notices and Disclaimers

Concerning IEEE Documents.” They can also be obtained on request from IEEE or viewed at

http://standards.ieee.org/IPR/disclaimers.html.

1. Overview
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1.1 Scope

This guide discusses operational parameters that may be observed by battery monitoring equipment
used in stationary applications, and the relative value of such observations. Although this guide
does not give a listing of commercially available systems, it does provide a means for establishing

specifications for the desired parameters to be monitored.

1.2 Purpose

Today's missien critical backup power environments have created a need for reliable monitoring of

wamanned-surveillaneesystems—or stationary batteries to determine the current state of health
(SOH) of these systems. This guide will define various prepese parameters for battery monitoring

that will provide surveillanece-te-achieve useful information fex to aid in the ongoing maintenance

and potential replacement of these batteries purpeses- In _addition, other areas affecting battery

monitoring, including intermittent charging, communication interface, security, and operating

environments, are also addressed in this guide. Beeattse-communications—will-playan—issue-with

2. Normative references

The following referenced documents are indispensable for the application of this document (i.e.,

they must be understood and used, so each referenced document is cited in text and its relationship

to this document is explained). For dated references, only the edition cited applies. For undated
references, thelatest edition of the referenced document (including any amendments or corrigenda)

applies.
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IEEE Std 450TM, IEEE Recommended Practice for Maintenance, Testing, and Replacement of Vented

Lead-Acid Batteries for Stationary Applications. 13

IEEE Std 484TM, IEEE Recommended Practice for Installation Design and Implementation of Vented

Lead-Acid Batteries for Stationary Applications.

IEEE Std 1106TM, IEEE Recommended Practice for Installation, Maintenance, Testing, and

Replacement of Vented Nickel-Cadmium Batteries for Stationary Applications.

IEEE Std 1187TM, IEEE Recommended Practice for Installation Design and Installation of Valve-

Regulated Lead-Acid Storage Batteries for Stationary Applications.

IEEE Std 1188TM, IEEE Recommended Practice for Maintenance, Testing, and Replacement of
Valve-Regulated Lead-Acid (VRLA) Batteries for Stationary Applications.

1 IEEE publications are available from The Institute of Electrical and Electronics Engineers, fre-; 445 Hoes Lane, Piscataway, NJ
08854, US A (http://standards.ieee.org/).
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IEEE Std 1657TM, Recommended Practice for Personnel Qualifications for Installation and

Maintenance of Stationary Batteries.

IEEE Std 1660TM, IEEE Guide for Application and Management of Stationary Batteries Used in

Cycling Service.

IEEE-Std1189TM IEEE Guidefor Seleetion of ValveResulatedLeadAeid(VREA) Batteriesfor
s oot

NEPA 1 Uniform Fire CodeTM.4

3. Definitions and acronyms

3.1 Definitions

For the purposes of this guide document, the following terms and definitions apply. The

Authoritative of IEEE Standards Ferms® Dictionary Online should be consulted referereed for terms not

defined in this clause.2

2IEEE Standards Dictionary Online subscriptionis available at:

http://www.ieee.org/portal/inno vate/pro ducts/standard/standards dictionary.html.
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battery monitoring system egquipment: A permanently installed system for measuring, storing,

and reporting battery operating parameters. An-unmanned-fixed-surveillanee system for-stationary
batteries-

coup de fouet: Initial voltage drop and recovery experienced when discharging a lead-acid ef-the

battery underloead.

internal ohmic measurement value: A measurement of the electronic and ionic conduction path

within a cell or unit, using terms defining conditions commonly known as impedance, conductance,

midpoint voltage: The voltage between the positive or negative terminal of a battery and its_series-

connection physieal midpoint.

ripple: A type of electrical noise characterized by a uniform waveform riding in the dc circuit,

normally expressed as peak, peak-to-peak, or root mean square (RMS) voltage or current.

string: A grouping of interconnected cells that has the same nominal voltage as the dc system. Fwe

thermal runaway: A condition that is caused by a battery charging current or other process

which #hat produces more internal heat than the battery can dissipate. This-eenditionultimately
1 . . foilire
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3.2 Acronyms

The following acronvms are used within this document:

>
2]
0

@
I
)

|O
O

|ﬂ
|_]

&

st
(@

le3|
@)
)

DOD

NEMA

alternating current

Ampere-hour

American Standard Code for Information Interchange

Code of Federal Regulations

central office

current transformer

direct current

electromagnetic compatibility

electrostatic discharge

depth of discharge

heating, ventilation, and air conditioning

National Electrical Code®

National Electrical Manufacturers Association
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NFPA National Fire Protection Association

OSHA Occupational Health and Safety Administration
RMS root mean square

SG specific gravity

SOC state of charge

SOH state of health

uprs uninterruptible power supply
VLA vented lead-acid (battery)

VRLA valve-regulated lead-acid (battervy)
4. Safety

Batteries are potentially dangerous, and proper precautions must be observed in handling and
maintenance of batteries and monitoring systems. Maintenance shall be done only by personnel
with knowledge of batteries and the monitoring system and trained in the safety precautions
involved. Properly insulated tools and adequate personal protective equipment should be used

when working with batteries and the meniteringsystem- Further precautions and references are

shown in the narrative below (see IEEE Std 1657).3

3 Information on references can be found in Clause 2.
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The following personal protective equipment shall be available to personnel who perform battery
maintenance work: goggles and face shields, acid-resistant gloves, protective aprons, portable or
stationary water facilities for rinsing eyes and skin in case of contact with electrolyte, class C fire

extinguisher, acid or alkaline neutralizer, and adequately insulated tools. Personnel shall wear

protective equipment suitable for the voltage of the battery when installing or servicing a battery.

The following precautions shall be observed when installing or servicing a battery:

a) Prohibit smoking and open flames—and-aveidareing in the immediate vicinity of the

battery.

b) Avoid wearing metallic objects, such as jewelry.

) Keep the top of the battery clear of tools and other foreign objects.

d) Provide Ensure unobstructed egress from the battery area.

e) Verify that the battery area and/or cabinet ventilation is operable.

f) Neutralize static buildup just before working on the battery by having personnel contact the

nearest effectively grounded surface.

erDeneotremove battery—vents:

Only qualified or properly trained personnel should perform maintenance on either the battery or

the monitoring system. The use of proper safety and test equipment is of paramount importance. It
is the ultimate responsibility of the individual technician to be aware of the-petential hazardsand

appropriate safety precautions required for the type of installation being performed. Fellew—the
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The aforementioned guidelines are illustrative and do not cover every conceivable situation. Other
guidelines, manufacturer recommendations, and federal, state, and local eewsty codes may apply
wsually-exist. Any personnel working on battery systems shall be aware of, and adhere to, all other

applicable safety regulations.

4.1 Safety precautions

Always use caution when working on batteries; because the potential for lethal ac-er¢e voltages

may exist at the battery terminals and/or between the battery and ground.

4.1.1 Opening battery string while string is connected to a load

It is recommended that a battery disconnection means be used to isolate a battery from the system. If
a battery disconnect is not provided, use extreme caution when removing the battery from the
system. The entire string voltage will appear across any two open points when the string is

disconnected from the system. Additienatly: Arcing will occur when the circuit is opened or closed-

if the charger/rectifier is not capable of supporting the existing loads. This also will occur if the

battery voltage and the system voltage are not properly matched prior to the opening or closing

action. For example, if the terminals are opened at the individual cell level while the string is
connected to a load, lethal voltages may be present across the open circuit that is created by

removing one side of the connection. Specialized training is required to perform work on live battery
systems. (Refer to IEEE Std 1657.)
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CAUTION

Specialized training is required to perform work on live battery systems.

4.1.2 Hazardous voltage pathto ground and battery isolation from input

power

A path to ground can be created through an uninterruptible power system (UPS) when the rectifier
is connected to a transformer with a grounded winding. When the battery in a UPS system is not
isolated from the ac input, a hazardous voltage may exist between the battery terminals and
ground. Always test before touching. Check the voltage to ground (ac and dc) before working
around the battery. If the voltage is other than anticipated, or is considered to be in an unsafe
range, do not work on the battery until the situation is understood and/or corrected. Wear

protective equipment suitable for the voltage.

4.1.3 Short-circuit potential

Do not make contact between cell/battery interconnections. Battery cells can deliver very high short-

circuit current {sometimes in excess of 1000 Aj.

Documents

Document Sharing Hub
Authorized licensed use limited to: Tsinghua University. Downloaded on February 24,2026 at 17:19:22 UTC from IEEE Xplore. Restrictions apply.

Full document details: IEEE 1491-2012


http://www.avadocuments.com/doc/ieee-1491-2012
http://www.avadocuments.com/doc/ieee-1491-2012

WARNING

A short-circuit can result in injury or death. A-singlecelbmay producethousandsof
amperes-of short-eirenitenrrents: Do not work alone.

4.2 Battery monitoring equipment

It is recommended that all components connected either directly or indirectly to the battery,
including transformers, resistors, fusing, or positive temperature coefficient devices, be rated for the

full battery voltage (maximum 600 V). The design should prevent high voltage or current at

the monitor. It is a common manufacturing criterion, but users need to be aware that not all
battery monitor manufacturers adhere to this criterion, and full system voltage and high current
potentials can exist in some monitors. Follow the battery monitor manufacturer’s recommendation
regarding grounding the monitor components. Users—need—to—also—be-aware—that-Conductive

enclosures must always be grounded.

The battery monitor design should be such that a complete eatastrephie failure to the monitor

should not have any effect on the battery system, critical load, or personnel in the immediate area.

Theinstallation and operation manual for the battery monitoring system should be readily available
to operating personnel. The installation of the monitor must be completed in accordance with the

manufacturer’s specifications. It is important that all sense leads be installed in a manner to prevent

chafing and possible shorting.
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5. Benefits and limitations of automated battery monitoring

Stationary battery monitoring systems allow automation of many activities that would otherwise

have to be performed manually.

furretonstistedin-b61-onanautomatie—unattended-basis- Measurements can be taken and recorded
are-attomaticallymade with greater frequency,—whereas and with consistent accuracy while the

battery system remains on line. Out of tolerance conditions can often be captured and alarmed in

near real time. Fheparameters-are measured-andrecordedand-the Analysis methods will vary from

manufacturer to manufacturer.

The advantages of automated systems are their ability to collect, store, report, and analyze data. A

distinct advantage of the automatic system is its ability to monitor these parameters continuously

even—duringanunplanned-outage.

The limitations of automated battery monitoring include physical battery maintenance tasks and
visual inspections. Battery maintenance is essential and must be performed in accordance with well-

documented maintenance practices.

5.1 Typical manual battery maintenance

Battery Manwual maintenance procedures are defined in other IEEE documents. For example, refer to
IEEE Std 450, IEEE Std 1188, and IEEE Std 1106.
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5.2 Typical automated battery monitoring

An advantage of automated systems is their ability to collect, store, report, and/or analyze data. A

distinct advantage of the automatic system is its ability to monitor these parameters continuously,

even during a discharge event, unplanned-eutage provided that the monitoring system is powered

from a protected circuit. This information may also allow the user to decrease the frequency of

manual collection of some parameters of the battery. Reports and results of automatic and manual

maintenance inspections need to be reviewed and analyzed for possible action.

5.3 Measurement parameters, analysis, and battery technology

differences

5.3.1 Measurement differences

Primarily two basie battery technologies serve stationary applications: lead-acid and nickel-

cadmium. While all of the parameters described in this clause may be measured for each

technology, the significance of those measurements may vary. Battery monitoring systems are most

frequently installed with lead-acid batteries, so the information provided for each parameter is

specific to lead-acid technology. Where applicable, differences for nickel-cadmium technology are

provided.

Documents

Document Sharing Hub
Authorized licensed use limited to: Tsinghua University. Downloaded on February 24,2026 at 17:19:22 UTC from IEEE Xplore. Restrictions apply.

Full document details: IEEE 1491-2012


http://www.avadocuments.com/doc/ieee-1491-2012
http://www.avadocuments.com/doc/ieee-1491-2012

5.3.2 Parameters

The measurement of any single parameter by itself may not reliably reflect the SOH of a battery.

The following parameters can be monitored periodically at set intervals or continuously by a battery
monitoring system. These parameters can also be used in conjunction with the battery
manufacturer’s published data to predict estimated+un—time the SOH and remaining useful battery
life.

— Voltage: Cell, groups of cells, partial string, and battery terminal voltages.

— Current: Indisidualeell; String, float, recharge, and discharge currents are measured and recorded.
— AC ripple voltage and current: AC components of the string voltage and current are measured

and recorded. In multistring installations, each string measurement is made and recorded.

— Temperature: Cell/battery and ambient temperatures are measured and recorded in degrees C or F.

— Interconnection resistance checks: Intercell and battery connections are measured and

recorded in microohms.

— Internal ohmic measurement checks: Each cell/battery or cell group is measured for ohmic values.

— Specific gravity: Each cell is measured for its specific gravity level.

— Electrolyte levels: Each cell is measured for its electrolyte level.

— Coup de fouet: Initial voltage drop and recovery of the battery under load.
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5.4 Parameter analysis

Analysis of measurement parameters can include the following actions:

— Discharge run-time analysis: Some monitors may incorporate a run-time prediction during

discharge.

— Data analysis and reporting: It is important that data is analyzed for trending over time and
should be compared with baseline values. Some battery monitoring systems are capable of
automatically collecting, trending, analyzing, and then reporting the results of the data collected.

All systems should be capable of immediately reporting serious out-of-tolerance conditions.
— Frequency: The measurement intervals are dependent on the individual hardware selected and

may be programmable. Automated systems do not negate the need for manual maintenance but

can extend the interval between maintenance visits.

6. Measurement parameters

6.1 Float voltage

6.1.1 Description

Float voltage is the voltage applied to a cell/battery intended to maintain it in a fully charged

condition during normal operation.
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6.1.2 Purpose of monitoring

To identify and report eut-ef+ange values that can impact performance petential and/or service life.

6.1.3 Indications and interpretations

Batteries floated at a lower voltage than the specified voltage range may result in loss of capacity,

irreversible sulfation, accelerated grid corrosion, and premature end of life. Float voltage limits may

need to be adjusted as a function of battery management algorithms such as temperature

compensation and intermittent charging. Limits—en—fleat—voltages—are—defined—by—battery
: fieations,

Batteries floated at a higher voltage than the specified voltage range may result in accelerated grid

corrosion, excessive gassing, increased water loss [dry-out in valve-regulated lead-acid (VRLA)

batteries], possible thermal runaway, and premature end of life.

Limits on float voltage are defined by battery manufacturer specifications.

6.2 Equalizing voltage

6.2.1 Description

Equalizing voltage is a voltage above the normal float level that is temporarily applied to a

cell/battery and is intended to correct inequalities in voltage, state of charge (SOC), and/or specific

gravity among battery cells that may develop in service. This correction may be done manually or

automatically and should be done according to the battery manufacturer’s recommendations.

Documents

Document Sharing Hub
Authorized licensed use limited to: Tsinghua University. Downloaded on February 24,2026 at 17:19:22 UTC from IEEE Xplore. Restrictions apply.

Full document details: IEEE 1491-2012


http://www.avadocuments.com/doc/ieee-1491-2012
http://www.avadocuments.com/doc/ieee-1491-2012

