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Abstract: Recommendations are provided for installation design and for installation,
maintenance, and testing procedures that can be used to optimize the life and performance of
vented nickel-cadmium batteries, including partially recombinant types, used in stationary
applications.

Keywords: battery tests, capacity test methods, IEEE 1106, stationary applications, vented
nickel-cadmium batteries
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Important Notices and Disclaimers Concerning IEEE Standards Documents

IEEE documents are made available for use subject to important notices and legal disclaimers. These
notices and disclaimers, or a reference to this page, appear in all standards and may be found under the
heading “Important Notice” or “Important Notices and Disclaimers Concerning IEEE Standards
Documents.”

Notice and Disclaimer of Liability Concerning the Use of IEEE Standards
Documents

IEEE Standards documents (standards, recommended practices, and guides), both full-use and trial-use, are
developed within IEEE Societies and the Standards Coordinating Committees of the IEEE Standards
Association (“IEEE-SA”) Standards Board. IEEE (“the Institute”) develops its standards through a
consensus development process, approved by the American National Standards Institute (“ANSI”), which
brings together volunteers representing varied viewpoints and interests to achieve the final product.
Volunteers are not necessarily members of the Institute and participate without compensation from IEEE.
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.

IEEE does not warrant or represent the accuracy or content of the material contained in its standards, and
expressly disclaims all warranties (express, implied and statutory) not included in this or any other
document relating to the standard, including, but not limited to, the warranties of: merchantability; fitness
for a particular purpose; non-infringement; and quality, accuracy, effectiveness, currency, or completeness
of material. In addition, IEEE disclaims any and all conditions relating to: results; and workmanlike effort.
IEEE standards documents are supplied “AS IS” and “WITH ALL FAULTS.”

Use of an IEEE standard is wholly voluntary. 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.

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.

IN NO EVENT SHALL IEEE BE LIABLE FOR ANY DIRECT, INDIRECT, INCIDENTAL, SPECIAL,
EXEMPLARY, OR CONSEQUENTIAL DAMAGES (INCLUDING, BUT NOT LIMITED TO:
PROCUREMENT OF SUBSTITUTE GOODS OR SERVICES; LOSS OF USE, DATA, OR PROFITS;
OR BUSINESS INTERRUPTION) HOWEVER CAUSED AND ON ANY THEORY OF LIABILITY,
WHETHER IN CONTRACT, STRICT LIABILITY, OR TORT (INCLUDING NEGLIGENCE OR
OTHERWISE) ARISING IN ANY WAY OUT OF THE PUBLICATION, USE OF, OR RELIANCE
UPON ANY STANDARD, EVEN IF ADVISED OF THE POSSIBILITY OF SUCH DAMAGE AND
REGARDLESS OF WHETHER SUCH DAMAGE WAS FORESEEABLE.

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.

Documents

Document Sharing Hub
Authorized licensed use limited to: Tsinghua University. Downloaded on February 24,2026 at 08:04:56 UTC from IEEE Xplore. Restrictions apply.

Full document details: IEEE 1106-2015


http://www.avadocuments.com/doc/ieee-1106-2015
http://www.avadocuments.com/doc/ieee-1106-2015

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 or inferred to be the official position of IEEE or any of its
committees and shall not be considered to be, or 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 IEEE. 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 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. For the same reason, IEEE does not
respond to interpretation requests. Any person who would like to participate in revisions to an IEEE
standard is welcome to join the relevant IEEE working group.

Comments on standards should be submitted to the following address:

Secretary, IEEE-SA Standards Board
445 Hoes Lane
Piscataway, NJ 08854 USA

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

IEEE draft and approved standards are copyrighted by IEEE under U.S. and international copyright laws.
They are made available by IEEE and are adopted 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 these documents available for use and
adoption by public authorities and private users, IEEE does not waive any rights in copyright to the
documents.

Photocopies

Subject to payment of the appropriate fee, IEEE will grant users a limited, non-exclusive license to
photocopy portions of any individual standard for company or organizational internal use or individual,
non-commercial use only. To arrange for payment of licensing fees, 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.
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Updating of IEEE Standards 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.

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 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://iecexplore.ieee.org/xpl/standards.jsp or contact IEEE at the address listed previously. For more
information about the IEEE-SA or IEEE’s standards development process, visit the IEEE-SA Website at
http://standards.ieee.org.

Errata

Errata, if any, for all IEEE standards can be accessed on the IEEE-SA Website at the following URL:
http://standards.ieee.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.

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 1106™-2015, IEEE Recommended Practice for Installation, Maintenance,
Testing, and Replacement of Vented Nickel-Cadmium Batteries for Stationary Applications.

Today, stationary storage batteries play an ever-increasing role in industry by providing normal control and
instrumentation power and backup energy for emergencies. This recommended practice fulfills the need
within the industry to provide common or standard practices of installation, maintenance, testing, and
replacement of vented nickel-cadmium batteries, including partially recombinant types. The methods
described are applicable to all installations and battery sizes for stationary standby applications.

The installations considered in the body of the document are designed for continuous-float operation with a
battery charger serving to maintain the battery in a charged condition and to supply the normal dc load.
Separate recommendations are provided in normative Annex I for applications in which the battery is not
fully recharged after every discharge (e.g., renewable energy systems).
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IEEE Recommended Practice for Installation, Maintenance, Testing, and
Replacement of Vented Nickel-Cadmium Batteries for Stationary

Applications

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

health, or environmental protection, or ensure against interference with or from other devices or

networks. Implementers of IEEE Standards documents are respomnsible for determining and

complying with all appropriate safety, security, environmental, health, and interference protection

practices and all applicable laws and requlations.

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

1.1 Scope

This document provides recommendations for installation design and procedures for installation,

maintenance, and testing of vented nickel-cadmium batteries (including partially recombinant

types) used for standby operation in stationary applications. This recommended practice also

provides guidance for determining when these batteries should be replaced. Separate

recommendations are provided for renewable energy systems (e.g., wind turbines and photovoltaic

systems), which may provide only partial or intermittent charging.
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Sizing, qualification, and other battery types, are-beyond-thescope-of-thisrecommended-practice
including

sealed nickel-cadmium, are also beyond the scope of this document.

This recommended practice does not include any other component of the dc system, nor does it
include inspection and testing of the overall dc system. Preoperational and periodic dc system tests
of chargers and other dc components may require that the battery be connected to the system.

Details for these tests will depend on the requirements of the dc system and are beyond the scope of

this recommended-praetice document.

1.2 Purpose

This recommended practice provides recommendations—for-installation-design-and-for-installation;
maintenaneceand-testing-procedures that can be used to optimize the life and performance of vented

nickel-cadmium batteries—«

2. Normative references

The following referenced documents are indispensable for the application of this recommended

praetice 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, the latest edition of the referenced document (including any

amendments or corrigenda) applies.
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IEEE Std 1115™, IEEE Recommended Practice for Sizing Nickel-Cadmium Batteries for Stationary

Applications. 1.2

IEEE Std 1635™, IEEE/ASHRAE Guide for the Ventilation and Thermal Management of Batteries for

Stationary Applications.

3. Definitions

For the purposes of this recommendedpractice document, the following terms and definitions

apply. The Awutheritative Dictionary-of IEEE Stundarals—1’36114«;445—H%Q—}2

Dictionary Online should be refereneced consulted for terms not defined in this clause.3

acceptance test: A—constant-current—or—constant-power capacity test made on a new battery to

determine that it meets specifications or manufacturer’s ratings.

1 The IEEE standards or products referred to in this clause are trademarks of the Institute of Electrical and Electronics Engineers,

Inc.

2 IEEE publications are available from the Institute of Electrical and Electronics Engineers, Inc., 445 Hoes Lane, Piscataway, NJ

08854, USA (http://standards.ieee.orgy/).

S3IEEE Standards Dictionary Online subscription is available at:

http://www.ieee.org/portal/innovate/products/standard/standards dictionary.html.
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float charge: A constant petential nermally -voltage charge applied to a battery to maintain it in a

fully charged condition, while minimizing degradation or water consumption.

high-rate charge: The application of a ecenstant-petential—high-current charge, at typically
accomplished by applying a potential higher level-than that of the float charge+te-a-partialy-erfuly

sl o ] "

internal ohmic measurement: A measurement of the electronic and ionic conduction paths within a

cell or unit, expressed in terms of impedance, conductance, or resistance.

partially recombinant nickel-cadmium cell: A vented nickel-cadmium cell providing an internal

means for the recombination of internally generated oxygen and suppression of hydrogen gas

evolution to limit water consumption, typically operating with a recombination efficiency of 90% or

higher.

performance test: A constant-current or constant-power discharge capacity test, made on a battery

after being in serviceto-detect-any-change-inthe-capacity.

service test: A special test of a battery’s capability, in an “as found” condition, to satisfy the battery

duty cycle.

standby service: Operation of a dc system in which the battery spends the majority of the time on

continuous float charge or in a high state of charge, in readiness for a discharge event. Syn: float

service.

state of charge (SOC): The stored or remaining capacity in a battery expressed as a percentage of its

fully charged capacity.

vented cell: A cell in which the products of electrolysis and evaporation are allowed to escape to the

atmosphere as they are generated. Syn: flooded cell.
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4. Safety

4.1 General

The safety precautions listed herein are considered to be mandatory and shall be followed in all
battery installation and maintenance activities. Work on batteries shall be performed only by

knowledgeable personnel with proper, safe tools and protective equipment. Full recommendations

on technician safety are covered in IEEE Std 1657™ [B4].

4.2 Methods

There are multiple hazards associated with stationary batteries.

—  Shock

—  Arcflash

—  Chemical

—  Thermal

When determining personal protective equipment (PPE) for work on stationary batteries, all of the

potential hazards must be considered.
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4.3 Personal protective equipment and tools

The following PPE may be required for battery installation, maintenance, and testing. The

appropriate PPE shall be available to personnel.

a)  Safety glasses, goggles, and/or face shields.

b) Chemieal-resistant Gloves.

1) Chemical

2) Shock (appropriate for the maximum system voltage)

3) Arc flash (see item f)

4) Thermal

c)  Protective aprons-and-evershoes.

d) DPortable or stationary water facilities for rinsing eyes and skin in case of contact with

alkaline electrolyte. A minimum 15-minute flush may be required. The use of pH buffered

neutralizing eyewash solution is also recommended.

e)  Spill absorbing/neutralizing materials, or other suitable neutralizing agent recommended

by the manufacturer for alkaline electrolyte spillage. 4

f) Arc-flash PPE (appropriate for the incident energy and task).

4 The removal and/or neutralization of an alkali spill may result in production of a hazardous waste. The user should comply with

all applicable codes and regulations.
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Class C fire extinguisher. 5

Adequately insulated tools.

Lifting devices of adequate capacity, when required cells exceed a weight that can be

safely lifted by hand.

4.4 Precautions

The following protective procedures shall be observed during installation and maintenance:

a)

b)

f)

g

h)

Ensure that metal racks are connected to ground in accordance with applicable codes.

Inspect all lifting equipment for functional adequacy_and allow adequate space for

operation.

Restrict all unauthorized personnel from the battery area.

Prohibit the use of acid-contaminated tools and equipment such as hydrometers and

thermometers in or on the battery.

Provide signs prohibiting smoking and open flames and avoiding arcing in the immediate

vicinity of the battery.

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

Ensure that illumination requirements are met.

Ensure unobstructed egress from the battery area.

5 Some battery manufacturers do not recommend the use of CO2-type fire extinguishers due to the potential for thermal shock on

the battery cases.
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i) Ensure that the battery area is adequately ventilated.

) Do not wear Aveid—wearing metallic objects, such as jewelry, while working on the

battery.

k) Secure any loose objects or items that could fall or get caught on parts of the battery.

I)  Avoid excessive tilting of the cells to prevent spillage.

m) Neutralize static buildup just before working on the battery by contacting the nearest

effectively grounded surface.

n) Ensure that load test leads are connected with a length of cable sufficient to prevent

accidental arcing in the vicinity of the battery.

0)  Ensure that all connections to load test equipment include short-circuit protection.

5. Installation design criteria

5.1 General

Considerations that should be included in the design of the battery installation depend on the
requirements or function of the system of which the battery is a part. The general installation design
criteria for all nickel-cadmium batteries are given in 5.2 through 5.6. Other applicable codes should

also be observed as appropriate to the installation.
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5.2 Location

The following criteria should be observed regarding location:

a)  Space and floor supports allocated for the battery and associated equipment should allow
for present and future needs. Calculations should be performed to ensure that floor

loading capabilities are not exceeded.

b)  The general battery area selected should be clean, dry, and ventilated and should provide
adequate space and illumination for inspection, maintenance, testing, and cell
replacement. Space should also be provided above the cells to allow for operation of lifting
equipment, addition of water, and taking of measurements (e.g., voltages, temperature,

etc.).

C) The battery should be protected against natural phenomena such as earthquakes, winds,
and flooding, as well as induced phenomena such as fire, explosion, missiles, pipe whips,

discharging fluids, CO2 discharge, and other hazards.

d)  The optimum range for cell electrolyte temperature is 20 °C to 25 °C, and it is the basis for
rated performance. A location where this temperature can be maintained will contribute to
optimum battery life, performance, and cost of operation. Although nickel-cadmium
batteries are tolerant of extreme temperatures, low temperatures will decrease battery
capacity, whereas prolonged high temperatures will shorten battery life (see A.4).
Installation in a location with an ambient temperature below the optimum operating

temperature will affect sizing. Refer to IEEE Std 1115™.%

e)  The location and arrangement of cells should result in no greater than a 5 °C temperature
differential between cells at a given time. Avoid conditions that result in spot heating or

cooling, as temperature variation will cause the battery to become electrically unbalanced.

SEor information on references, see Clause 2.
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f)  The battery location should be such that direct sunlight on the cells is avoided, as this may

damage plastic cell cases and create localized heating.

g)  For personnel safety in the event of electrolyte spillage, portable or stationary water
facilities shall be provided. Provisions for neutralizing, containing, and/or safely disposing

of electrolyte should be included. The floor surface should be alkali-resistant.

h)  The charger and main power distribution center should be as close as practical to the

battery, consistent with item j).

i) umination in the battery area should egqual meet or exceed the interior lighting

recommendations in Figure 11-1 of the IESNA Lighting Handbook [B5].

) Nearby equipment with arcing contacts shall be located in such a manner as to avoid those

areas where hydrogen pockets could form.

5.3 Mounting

The most common practice is to mount cells on a steel rack with chemical-resistant insulation
between the cells and the steel of the rack. Metal racks should be connected solidly to the grounding
system in accordance with applicable codes. The cells may also be mounted on adequately insulated

supports secured to a floor or base.

The number of tiers or steps selected should result in a minimum temperature differential between

cells [see 5.2, item e)] and allow for adequate maintenance.
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5.4 Seismic

Where applicable building codes require seismic protection, the racks, cabinets, anchors, and

installation thereof shall be able to withstand the calculated seismic forces. For utility substations,

IEEE Std 693T™M-1997 {B4} 2005 [B3 provides guidance for seismic installation design and seismic
qualification of battery racks. To minimize the effect of seismic forces, the battery should be located

at as low an elevation as practical. The following criteria should be observed regarding mounting;:

a)  All cells should be restrained. Using side and end rails is one method that can be used to

prevent loss of function due to a seismic event.

b)  Where more than one rack section is used, the rack sections should be rigidly joined, or the
adjacent end cells in each rack should be connected with flexible connectors as provided
by or recommended by the manufacturer. Connections between cells at different levels of

the same rack should also be flexible.

c)  Racks shall be firmly connected to the building structure in accordance with applicable
codes by using approved fastening techniques such as embedded anchor bolts or racks

welded to structural steel faceplates (sized to accommodate a range of battery rack sizes).

CAUTION

Anchoring a rack to both the floor and the wall may cause stress due to conflicting modes of

vibration.
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5.5 Ventilation

The battery area shall be ventilated, either by a natural or mechanical ventilation system, to prevent
accumulation of hydrogen. The ventilation system should limit hydrogen accumulation to less than
2% of the total volume of the battery area and should be sufficient to prevent the formation of local
pockets of hydrogen external to the battery that exceed this limit. The maximum hydrogen evolution

rate at standard temperature and pressure6 is
1.27 x 1077 % Icharge x n m3/s @
where

Icharge  is the charge current in amperes

n is the number of cells per battery string

The worst-case condition exists when maximum current is forced into a fully charged battery. At a
minimum, the above ventilation calculation should be based on the maximum current that will be
forced into the battery based on the high-rate charge (see Pefinition 3-4 Clause 3) or the initial charge
(see 6.3).

Additional recommendations for ventilation of nickel-cadmium batteries are given in IEEE Std

1635™.

A battery area that meets the above ventilation requirements should not be considered a classified
(hazardous) location; thus, special electrical equipment enclosures to prevent fire or explosion

should not be necessary.

6 The phrase “standard temperature and pressure” in this recommended practice is defined as referring to the values 8 25 °C and

101.325 kPa.
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