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Summary of Topics \ \ ;

The revisions dated August 12, 2008 have been issued to incorporate owing:
 Delete the requirement for 20 year repetition of date code maw| om the Exception
No. 2 to 25.1.

e Clarify the test exceptions in 5.2.
 Delete 5.3 as the requirement is handled under th gilcation program for batteries.

UL Standards for Safety are developed and maintained in the dard Generalized Markup Language
(SGML). SGML -- an international standard (ISO 8879*936) -- is a descriptive markup language that
describes a document’s structure and purpose, rather hysical appearance on a page. Due to
formatting differences resulting from the use of uLsn tronic publishing system, please note that
additional pages (on which no requirements have b chahged) may be included in revision pages due
to relocation of existing text and reformatting of t

Text that has been changed in any manner is ™ with a vertical line in the margin. Changes in

requirements are marked with a vertical ling—= e margin and are followed by an effective date note
indicating the date of publication or the date gyywR¥Hh the changed requirement becomes effective.

~~
The revisions are substantially in accord#nce UL’s Proposal(s) on this subject dated February 27,
2008.

The revisions dated August 12, 200

nclyoisya reprinted title page (pagel) for this Standard.
The UL Foreword is no longer ¢
application of the requirements/co
located on ULStandardsInfoNeX at: h

in the UL Standard. For information concerning the use and
ed in this Standard, the current version of the UL Foreword is
:/lulstandardsinfonet.ul.com/ulforeword.html

's Northbrook Office is the official document insofar as it relates to a
a product with respect to the requirements for that product and service,
ing the accuracy of this Standard.

The master for this Standayd/a
UL service and the complianc
or if there are question

UL'’s Standards for Saf copyrighted by UL. Neither a printed copy of a Standard, nor the distribution
diskette for a Stanglard-on-Diskette and the file for the Standard on the distribution diskette should be
altered in any UL’s Standards and all copyrights, ownerships, and rights regarding those
Standards shall ye e sole and exclusive property of UL.

All rights reserved. No part of this publication may be reproduced, stored in a retrieval system, or
transmitted in any form by any means, electronic, mechanical photocopying, recording, or otherwise
without prior permission of UL.
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Revisions of UL Standards for Safety are issued from time to time. A UL Standard for Safety is current
only if it incorporates the most recently adopted revisions.

UL provides this Standard "as is" without warranty of any kind, either expressed or implied, including but
not limited to, the implied warranties of merchantability or fitness for any purpos7\

In no event will UL be liable for any special, incidental, consequential, indi e;/@'smilar damages,
including loss of profits, lost savings, loss of data, or any other damages arising out™of the use of or the
inability to use this Standard, even if UL or an authorized UL representa s been advised of the

possibility of such damage. In no event shall UL’s liability for any damage eyeRe d the price paid for
this Standard, regardless of the form of the claim.

UL will attempt to answer support requests concerning electronic ver ite#Standards. However, this
support service is offered on a reasonable efforts basis only, and t be able to resolve every
support request. UL supports the electronic versions of its Standgrds if they are used under the

conditions and operating systems for which it is intended.
time-to-time without notification.

port policies may change from

UL reserves the right to change the format, presentation, fig tyges and formats, delivery methods and
formats, and the like of both its printed and electronic Sta ghout prior notice.

Purchasers of the electronic versions of UL’s Standar
UL harmless from and against any loss, expense, <
reasonable attorney’s fees) resulting from any error er

fey agree to defend, indemnify, and hold
amage, claim, or judgement (including
n introduced while purchaser is storing an

electronic Standard on the purchaser's computer ss:[\j
If a single-user version electronic Standard wa , one copy of this Standard may be stored on
the hard disk of a single personal computer,‘o;_ \ single LAN file-server or the permanent storage

at a time and for which there is no possibili

Itiple concurrent access.
e
~~
If a multiple-user version electronic Stan urchased, one copy of the Standard may be stored on
a single LAN file-server, or on the per orage device of a multiple-user computer, or on an Intranet
5 e

device of a multiple-user computer in such a&mne t this Standard may only be accessed by one user

server. The number of concurrent us ot exceed the number of users authorized.

Electronic Standards are intended/for o use, such as for viewing the requirements of a Standard,
conducting a word search, anep
single-user version of an elect
authorized user of a multiple-us

Only one copy of the Standard may be printed from each
% dard. Only one copy of the Standard may be printed for each
rsion of an electronic Standard. Because of differences in the

computer/software/printer se sed by UL and those of electronic Standards purchasers, the printed
copy obtained by a purcha, not look exactly like the on-line screen view or the printed Standard.
An employee of an orgdhjgation purchasing a UL Standard can make a copy of the page or pages being

viewed for their own 7h /0y practical internal use.

The requirements i
and/or other ele
affected item. T
are located after t

this Stdndard are now in effect, except for those paragraphs, sections, tables, figures,
ntg of the Standard having future effective dates as indicated in the note following the

r text for requirements that have been revised and that have a future effective date
E\S ndard, and are preceded by a "SUPERSEDED REQUIREMENTS" notice.

New product submittals made prior to a specified future effective date will be judged under all of the
requirements in this Standard including those requirements with a specified future effective date, unless
the applicant specifically requests that the product be judged under the current requirements. However, if
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the applicant elects this option, it should be noted that compliance with all the requirements in this
Standard will be required as a condition of continued Listing, Recognition and Follow-Up Services after
the effective date, and understanding of this should be signified in writing.

Copyright © 2008 Underwriters Laboratories Inc. //\

This Standard consists of pages dated as shown in the following checklist:

Page st Date
L \ ....... August 12, 2008
e T A & September 21, 2005
-7 NS4 October 29, 2004
P SN August 12, 2008
O0-10B oo TN September 21, 2005
LL-2] s October 29, 2004
2 NS SA September 21, 2005

August 12, 2008
October 29, 2004
August 12, 2008
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Standard for Household and Commercial Batteries

q
First Edition — May, 1997 \
Second Edition
October 29, 2004 %

An effective date included as a note immediately f certain requirements
is one established by Underwriters Laboratories Inc.
Revisions of this Standard will be made by issying rgvised or additional pages

bearing their date of issue. A UL Standard i nly if it incorporates the
most recently adopted revisions, all of which are\t d on the transmittal notice
that accompanies the latest set of revised require s. Comments or proposals
for revisions on any part of the Standar e submitted to UL at any time.
Proposals should be submitted via aa I Request in UL’s On-Line
Collaborative Standards Development Sys@nﬂ SDS) at http://csds.ul.com.

COPYRIGHT © 2008 UN LABORATORIES INC.
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INTRODUCTION
1 Scope
1.1 These requirements cover portable primary (nonrechargeable) and sec ry (rechargeable)
batteries for use as power sources in products. These batteries consist of either/a giggledglectrochemical
cell or two or more cells connected in series, parallel, or both, that convert chemigg 6 ergy into electrical
energy by chemical reaction.

q
1.2 These requirements are intended to reduce the risk of fire or explosion teries are used in a
product. The proper use of these batteries in a particular application is dgpépdent on their use in a
complete product that complies with the requirements applicable to su oduct.
1.3 These requirements are intended to cover batteries for g and do not include the
combination of the battery and the host product which are covere by irements in the host product

standard.

1.4 These requirements are also intended to reduce the risk of injur persons due to fire or explosion
when batteries are removed from a product to be transportegy stgred, or discarded.

1.5 These requirements do not cover the toxicity risk that e
contents, nor the risk of injury to persons that occur%; batt

from the ingestion of a battery or its
is cut open to provide access to its
contents.

-

2 General N
2.1 Lithium cells %\
-0 -
-
2.1.1 Component cells constructed of lithium metalMghium alloy or lithium ion, that are used in batteries,
shall meet the technician-replaceable or %ﬁ?}aceable requirements in the Standard for Lithium

Batteries, UL 1642. 5§

2.1.2 Component cell testing require accordance with Table 6.1 are not required for lithium cells
that meet the user-replaceable requir the Standard for Lithium Batteries, UL 1642.

2.1.3 Component cell testing requijfeme ésg accordance with Table 6.1 are limited to the Projectile Test,

Section 22, for lithium cells that echnician-replaceable requirements in the Standard for Lithium
Batteries, UL 1642.

%
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2.2 Units of measurement

2.2.1 Values stated without parentheses are the requirement. Values in parentheses are explanatory or
approximate information.

2.3 Terminology //\:

2.3.1 The term "battery(ies)” shall refer to single or multicell batteries.
q

3 Glossary \

3.1 For the purpose of these requirements the following definitions ap

3.2 BATTERY - General term for (1) any single cell, or (2) a group nnected together either in
a series and/or parallel configuration. May be ready for use or m e amstalled component.
3.3 BATTERY PACK — A battery which is ready for use, contai upplemental rigid enclosure,

with or without protective devices.

3.4 BATTERY, PRIMARY — A battery that can only be di nce It is not designed to be
electrically recharged and must be protected from a chargi

3.5 BATTERY, SECONDARY — A battery that is inte bg discharged and recharged many times
in accordance with the manufacturer’'s recommendaﬁo

3.6 Cs AMP RATE - The current, in amperes, t
the voltage cutoff point specified by the manuf

t\ II or battery can be discharged at for 5 hours to
specified load, temperature and voltage conyit d declared by the manufacturer.

3.7 CAPACITY, RATED - The capacity, |n%n rs, of a cell or battery determined under

3.8 CASING — A rigid outer protective e f an individual cell or of a battery pack and any
associated circuitry of the battery pac

3.9 CELL, COMPONENT — The basi nal electrochemical unit containing an assembly of
electrodes, electrolyte, container, t€rmin and usually separators, that is a source of electrical energy
by direct conversion of chemicads NMay be ready for use or may be provided as component of

battery pack.

3.10 COMPONENT, CURR LIMITING — Any component employed to limit current during abnormal

conditions. Current-limiting oMents include resistors, fuses, or PTC thermistor type devices.
3.11 COMPONENT, ERATURE-LIMITING — Any component used to limit temperature during
abnormal conditions rajure-Limiting Components include thermal protectors and thermal cutoffs.

3.12 CURRENT, ABN L CHARGING — Also called overcharge current for secondary cells;
maximum rated cfarging current to a cell or battery under fault condition.

3.13 DISCHARGE, CED - Subsequent discharge of one fully discharged cell in each parallel string
by connecting in series with fresh cells of the same kind so as to drive the cell into polarity reversal.
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3.14 DISCHARGED, FULLY — A condition of battery energy potential representing depletion of 100% of
its rated capacity (for primary cell or battery) or depletion to its end-point-voltage as specified by the
manufacturer (for a secondary cell or battery).

3.15 EXPLOSION — A condition that occurs when a cell container or battery case/Wglently opens and
major components are forcibly expelled. /

3.16 JACKET - The container for the electrolyte and terminals of an internal cell of & battery pack.

3.17 PORTABLE — Able to be moved or carried by hand. \

3.18 PROTECTIVE DEVICES — Any device such as a field effect tran FET), fuse, diode or
current limiter which stops the current flow, blocks the current flow in iaetion or limits the current
flow in an electrical circuit.

3.19 SHORT CIRCUIT — A direct connection between positive ative terminals of a cell or
battery that provides a virtual zero resistance path for current fl

3.20 VENTING — A condition that occurs when the battery of celyreleases excessive internal pressure
in a manner intended by design to preclude rupture, expl f ignition.
cifle

3.21 VOLTAGE, ABNORMAL CHARGING — Maximumys harger output voltage applied to a
cell or battery under fault condition. 2

-
CONSTRUCTION N
4 General Q\\

-0 -
-

4.1 Casing \
4.1.1 The casing of a component cell or yshall have the strength and rigidity required to resist
the possible abuses, that it is exposed to ddriNNts'intended use, in order to reduce the risk of fire or injury
to persons.
4.1.2 The casing of a battery pac e rigid enough to prevent flexing. A tool providing the
mechanical advantage of a pliers, gcrew: r, hacksaw, or similar tool, shall be the minimum mechanical

capability required to open the

Exception No. 1: This requiregien gs. not apply to a cell or battery containing electrodes with less than
0.04 g (0.0014 ounces) of aotipgynass.

Exception No. 2: For battersqpactks where repeated flexing of the case does not result in leakage as
defined in Section 5 ;!v ating of the battery to temperatures exceeding 60°C (140°F), this requirement

does not apply. /

4.1.3 For batteries, with plagtic outer cases, the outer case of the battery shall be designed such that it is
not capable of Reingyopgned using simple tools, such as a screwdriver. The case shall be ultrasonically
welded, or seal quivalent means.

\
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4.1.4 The outer case material of the battery shall be classed as V-1 or less flammable in the minimum
part thickness in accordance with the Standard for Polymeric Materials — Use in Electrical Equipment
Evaluations, UL 746C.

enclosure flammability — 3/4 inch flame test described in the Standard for Poly, rials — Use in
Electrical Equipment Evaluations, UL 746C.

4.1.4 effective October 30, 2006

Exception: Materials are not required to be classed as V-1 or less flammable mely with the

q
4.2 Electrolyte \
4.2.1 A component cell shall not contain pressurized vapor or liquid t pels materials forcibly when
the battery casing is punctured with a grinding wheel under laboratoy ihs at a temperature of 23
+2°C (73 £3.6°F).
PERFORMANCE
5 General
5.1 Batteries are to be tested as described in Sections 9 t Section 12, Forced-Discharge Test,
is applicable only to cells intended to be used in multicell sei plications, such as battery packs. The
Battery Enclosure Tests, Sections 18 — 21 (including tez25 teady Force, Mold Stress Relief, and
Drop Impact Tests) are intended only for batteries th aplastic outer enclosure.

5.1 revised Sepw, 2005

5.2 With the exception of the Projectile Test of 22, cells and/or batteries shall not explode or
catch fire as a result of the tests in this standarg Ne/Shock Test, Section 16, Vibration Test, Section
17, 250 N Steady Force Test, Section 19, Mold Sii Relief Test, Section 20, Drop Impact Test, Section
21, and the Temperature Cycling Test, Sectjo amples shall also not vent or leak. For these tests
when the resulting mass loss exceeds the values

shown in Table 5.1, Venting and Leakagée

.2 re\i August 12, 2008
)/ /f?’ Table 5.1
Ve?ri 759! akage mass loss criteria

2/
Mass of cell or batya(ﬂ// D Maximum Mass % Loss
Not more than 1 gram / ‘&T‘ 0.5
More than 1.0 gram but not more fl 5049 0.2
More than 5.0 gram - 0.1

/
5.3 Deleted August 12, 200

7k
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5.4 Certain end product devices require that the power output of a battery be limited. The Limited Power
Source Test described in Section 13 is to be used to determine whether a cell or battery is suitable in such
applications where fire hazards may otherwise exist.

6 Samples

6.1 Unless otherwise indicated, fresh cells or batteries in the fully charged st 9/@[0 be used for the
tests described in Sections 9 — 24. The test program and number of samples to be tsed in each test is
shown in Tables 6.1 and 6.2, for component cell testing and battery pack tésl'iﬂg‘, respectively.

6.2 When a battery pack is tested in accordance with Table 6.2, the com Wells comprising that
battery pack shall also be tested in accordance with Table 6.1 if they ot already been.

Table 6.1
Testing required for component‘c?s

I

Test Section /V /' ZNumber of fully charged cells
Electrical Tests \
Short-Circuit 9
at room temp. 5
at 55°C (131°F) 5
Abnormal Charge 10 5
Forced-Discharge 12% 5
Mechanical Tests P\
Crush 47 N 5
Impact \ 5
Shock ‘%‘. 5
Vibration - 5
Fire Exposure Tests $ ad
Projectile v,\l 5
Environmental Tests -~ /
Heating K’ 23 5
Temperature Cycling / » 24 5
’/
Table 6.2
esti quired for battery packs
‘y& .2 revised September 21, 2005
Test f‘ Section Number of fully charged packs
Electrical Tests -,
Short-Circuit / 9
at room temp. 5 (unsealed)
at 55°C (131 5 (unsealed)
Abnormal Charge / 10 5 (unsealed)
Abusive Overcharge 11 5 (unsealed)
Forced-Discharge? 12 5 (unsealed)
Limited Power SO\JG‘// 13 6 (unsealed)
Battery Enclosure}f
250 N Steady Force 19 3 (complete)
Mold Stress Relief 20 3 (complete)
Drop Impact 21 3 (complete)
Enclosure Flammability? 18 3 unsealed enclosures

Table 6.2 Continued on Next' Page
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Table 6.2 Continued

Test | Section | Number of fully charged packs

NOTE - Unsealed refers to batteries which do not use securement such as adhesive and/or ultrasonic welding to seal the top
and bottom enclosures in order to facilitate access to the inside of the battery pack. Complete refN sample of the

battery pack representative of production.
2 Forced Discharge test is conducted only for multi-cell series configurations.
b Enclosure materials classified as V-1 or less flammable in the minimum part thickness do not reqdireNsgclosure flammability

tests. -~

6.3 All batteries shall be fully charged in accordance with the manufacturer’%s\(cif% ations prior to testing
except for the samples to be subjected to the Abnormal Charge and Apusi ercharge Tests, which
shall be discharged to the manufacturer specified voltage and end poi for to testing.

7 Important Test Considerations %
7.1 As some batteries explode in the tests described in Section}?%t is important that personnel be

protected from the flying fragments, explosive force, sudden re f fieat, chemical burns, and noise
results from such explosions. The test area is to be well ventilatdd ™ protect personnel from possible
harmful fumes or gases.

7.2 The temperatures on the surface of the battery casings e monitored during the tests described
in Sections 9, 10, 11, 14, and 15. All personnel invol the testing of batteries are to be instructed
never to approach a battery until the surface temperaitxe s to ambient temperature.

-

SMl be conducted in a separate room or room
est area from the observer.

7.3 The tests described in Section 22, Projectile
equipped with an adequate safety barrier separ

-
8 Temperature Measurements -

8.1 Temperatures are to be measured hy ;/ uples consisting of wires not larger than 24 AWG
(0.21 mm?) and not smaller than 30 AWG 2) and a potentiometer-type instrument.

8.2 The temperature measurements teries are to be made with the measuring junction of the
thermocouple held tightly against the ing of the battery.
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ELECTRICAL TESTS

9 Short-Circuit Test

9.1 Component cells shall comply with 9.1 — 9.6. /\
9.2 Each fully charged test sample component cell, in turn, is to be short-ci c;/ y connecting the

positive and negative terminals of the battery with a circuit load having a maximum résistance load of 0.1
ohm. The battery is to discharge until a fire or explosion is obtained, or untir1€ completely discharged

and the battery case temperature has peaked or reached a steady state c&‘jv
6 The component cells

9.3 Tests are to be conducted at 20 £5°C (68 +9°F), and at 55 +2°C +3.6°F).
are to reach equilibrium at 20 +5°C (68 £9°F) or 55 +2°C (131 i3.6°§ idable, before the terminals

are connected.
9.3 revised September 21, 2005 \z

o

N
B
i
b

%)
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9.4 A component cell is to be tested individually unless the cell manufacturer indicates that it is intended
for use in series or parallel. For series or parallel use, additional tests on five sets of batteries are to be
conducted using the maximum number of component cells to be covered for each configuration as
specified by the manufacturer.

9.5 A component cell is to be tested without the assistance of protective devic%uch protective
devices are integral to the cell construction. When a protective device actuate e test, the test
shall be repeated with the component cell connected to the maximum load that does not cause the
protective device to open. st

9.6 The samples shall not explode or catch fire. The temperature of the extekVor battery casing shall
not exceed 150°C (302°F).

9.7 Battery packs shall comply with 9.8 — 9.12.

Exception: Battery packs consisting of a single cell, in which tj@gs already been subjected to the

tests in 9.1 — 9.6 need not comply.

9.8 Each fully charged test sample battery pack, in turn, is togpe short-circuited by connecting the positive
and negative terminals of the battery with a circuit load h ximum resistance load of 0.1 ohm.
The battery is to discharge until a fire or explosion is obtain til it is completely discharged, or until
the battery case temperature has peaked or reached agstgady state condition

9.9 Tests are to be conducted at 20 +5°C (68 +9°F) a® +5°C (131 £9°F). The batteries are to reach
equilibrium at 20 +5°C (68 £9°F) or 55 +5°C (131 tQ"F)\zi licable, before the terminals are connected.

9.10 Battery pack constructions are to be subj ingle fault across any protective device in the

load circuit of the battery under test. The protecﬁ;&xﬁes faulted shall be documented. When protective

devices actuate during the test, the protective gevi shall be reset and the test shall be repeated with
rﬁﬁcy(

the battery pack connected to the maximu hagt does not cause the protective devices to open.
e
~~

ice which complies with the tests specified in Standard
C 60730-1 may remain in the circuit without being faulted.

Exception: A positive temperature coefficle
for Thermistor-Type Devices, UL 143.

9.11 One of the above five test samp packs, tested at 20 £5°C (68 £9°F) shall be evaluated with
the following additional conditions /n placé+/The terminals are to be subjected to a short circuit condition
with a minimum length of 16 Ay 4 m?) bare copper wire. The test is to be conducted on a tissue
paper covered soft wood surfa @ sample battery pack and bare conductor is to be covered with
a single layer of cheesecloth.

9.12 The samples shall no‘ or catch fire and the tests shall not result in chemical leaks caused
by cracking, rupturing or f the internal cell jacket. The temperature of the battery pack casing
shall not exceed 150° 2°F). For battery pack samples tested in accordance with 9.11, the cheesecloth
and tissue paper sh / top fire.

_—

\
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10 Abnormal Charging Test

10.1 Primary component cells or battery packs shall comply with 10.2 — 10.5.

10.2 Cells or batteries discharged to the manufacturer’s rated capacity are to be for this test. The
batteries are to be tested in an ambient temperature of 20 £5°C (68 +9°F).

10 3 Each test sample battery is to be subjected to a constant charging current of t@times the current,
I, specified by the manufacturer by connecting it in opposition to a dc- pomfer-stﬁ)ply The test time is to

be calculated using the formula:

I is the maximum charging current, in amb&is cified by the manufacturer.

N

The minimum charging time is to be 7 hours. ‘§.
-

Exception: At the manufacturer’s discreti
can be applied to expedite the test timeffr,

In which:
t. is the charging time in hours,

C is the capacity of battery in ampere—hours,‘a

cur ents greater than the specified three times rated I,

10.4 When a protective device that ha en\iM¥estigated for the purpose, actuates during the test, the
test shall be repeated with the batte onnected to the maximum load that does not cause the
protective device to open. A protecti that has not been investigated for the purpose shall be
short-circuited. I~

10.5 The samples shall not exp atch fire. For battery pack samples, tests shall not result in
chemical leaks caused by crackin Q{uring or bursting of the battery jacket.

10.6 Secondary compon hall comply with 10.7 — 10.9.

10.7 The component cells ar be tested in an ambient temperature of 20 £5°C (68 +9°F). Each battery
shall be discharged a ant current of 0.2C/1 hour, to a manufacturer specified discharge endpoint
voltage.

10.8 The compongnt cells pre to be charged with a constant maximum specified charger output voltage
and a current lin§ times the maximum current I, specified by the manufacturer. Charging duration
is the time requir each the manufacturer’s specified end-of-charge condition plus seven additional
hours.
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10.9 A battery/cell is to be tested without the assistance of protective devices, unless such protective
devices are either integral to the cell constructions or have been investigated for the purpose. A
re-settable protective device that actuates during the test shall be allowed to reset and the test shall be
resumed, cycling as often as necessary to complete the test. When a protective device operates during
the test (whether resettable or not) the test is repeated with the same chargy ime, but with the

battery/cell connected to the maximum load that does not cause the protectiy, viC®y to operate. A
protective device that is not integral to the cell and that has not been investigated @e purpose is to be
short-circuited. The samples shall not explode or catch fire.
q
10.10 Secondary battery packs shall comply with 10.11 — 10.13. \Z‘
i o

10.11 The batteries are to be tested in an ambient temperature of 20 4 8 F). The room ambient
temperature, T,mp, Shall be recorded. A thermocouple is to be attach est sample battery. Each
battery shall be discharged at a constant current of 0.2C/1 hour, t cturer specified discharge
endpoint voltage.
10.12 Each of the test sample batteries are to be subjected t [Bwing overcharge conditions, in
sequential order.

a) The battery is to be charged with a constant ecified charger output voltage and
a current limit of three times the maximum current 1y, ied by the manufacturer. Charging
duration is the time required to reach the manyfacgturer's specified end-of-charge condition plus
seven additional hours. The maximum tempevér? easured on the exterior cell or battery

casing, Tmax. Shall be recorded. AN
b) The charge condition in accordance v hall be conducted with each single component
fault that is likely to occur in the chargi d which would result in overcharging of the

battery. Protective components which are ed are to be documented.

Standard for Thermistor-Type Devices, IEC 60730-1 may remain in the circuit without being

faulted.
Exception No. 2: For batteries Withou’%fe devices, the overcharge condition(s) in b) do not apply.
t

10.13 The samples shall not expjode olﬂ ch fire. For battery pack samples, tests shall not result in
chemical leaks caused by crac y ing or bursting of the internal cell jacket.

Exception No. 1: A positive temperature cod{fi /é}t{’evice which complies with the tests specified in the

%
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11 Abusive Overcharge Test

11.1 The batteries are to be tested in an ambient temperature of 20 +5°C (68 +9°F).

11.2 Sample batteries are to be subjected to a constant charging current at 10 the C5 amp rate,
using a supply voltage sufficient to maintain the 10 times Cs amp rate throughouy't g duhgfion of the test.

A thermocouple is to be attached to each test battery. For battery packs, Mperature is to be
measured on the battery pack casing. The test is to continue until the cell or battery®explodes, vents, or
the temperature of the outer casing reaches steady state conditions or retu ambient.

11.3 During the tests, batteries supplied with protective devices shall be subj M a single component

fault using any single fault condition which is likely to occur in the char jrcuit and which would result
in overcharging of the battery.

Exception: A protective device which has been investigated for tyie p se may remain in the circuit
without being faulted.

11.4 The samples shall not explode or catch fire.
12 Forced-Discharge Test
12.1 This test is intended for cells that are to be used i

batteries are to be tested in an ambient temperature
-

Iticell™@pplications, such as battery packs. The
5°C (68 +9°F).

12.2 For multi-cell series configurations without parafleNgtiings a completely discharged cell is to be
force-discharged by connecting it in series with fi rged cells of the same kind. The number of fully
charged cells to be connected in series with the cell is to equal the total number of cells in the
pack less one. -\\"

be force-discharged by connecting it in fully charged cells of the same kind. The number of
fully charged cells to be connected in seri e discharged parallel string is to equal the total number
of cells in the pack less the number of the discharged parallel string.

12.3 For multi-cell series configurations wit p%e}strings, a completely discharged parallel string is to

12.4 Each of the five battery packs repared as described in 12.2 or 12.3, as applicable.

12.5 Once the completely disc s (or string of cells) are connected in series with the specified
number of fully charged cells, t nt battery pack is to be short circuited.

12.6 The positive and negajivayerminals of the sample are to be connected with a copper wire with a
maximum resistance load s. The battery is to discharge until a fire or explosion is obtained, or
until it has reached a co ischarged state of less than 0.2 volts (closed circuit condition) and the

battery case temper;t?zg as returned to £10°C (x18°F) of ambient temperature.

12.7 During the testg, supplied with protective devices shall be subjected to a single component
fault using any single fauft dondition which is likely to occur in the discharge circuit and which would result
in excessive dischar }It e battery.

Exception: A posMike ®mperature coefficient device which complies with the applicable tests specified in
the Standard for Thdrmistor-Type Devices, UL 1434 and IEC 60730-1 may remain in the circuit without
being faulted.




EM: http://www. gbtest. net

OCTOBER 29, 2004 HOUSEHOLD AND COMMERCIAL BATTERIES - UL ZOSH%/%A: EULQ/J\ZZH 15

FiE: 13602398527,/13922921595

12.8 The samples shall not explode or catch fire.

13 Limited Power Source Test
13 effective October 30, 2006

13.1 The batteries are to be tested in an ambient temperature of 20 +5°C (68 3&\:

13.2 A limited power source battery shall comply with one of the following:

q
a) The output is inherently limited in compliance with Table 13.1; \
b) An impedance limits the output in compliance with Table 1 positive temperature
coefficient device is used, it shall pass the applicable tests s wPAnnex J of IEC 60730-1;

c) An overcurrent protective device is used and the outputfs lim in compliance with Table

13.2;

d) A regulating network limits the output in compliance wit le 13.1, both under normal
operating conditions and after any single fault in the Aeguating network (open circuit or short
circuit); or

e) A regulating network limits the output in copljanc h Table 13.1 under normal operating
conditions, and an overcurrent protective devi T e output in compliance with Table 13.2
after any single fault in the regulating network Circuit or short circuit).

T 1
Limits for inherent \i}ower sources
-

Output voltage U ., volts 2 tJ,A !
Vd.c. p ,\/’\,'Output current | ., amperes ? Apparent power S, VA
<20 7&‘ / <8 <5 x Uy,
20 < Uy <30 <8 <100
30 < Uy < 60 / P < 150/Uqe < 100
2 U, — Open circuit battery voltage with all lo t’ isconnected.
b |, — Maximum output current with any load, including a short circuit, measured 60 s after application of the
load.

¢ S(VA) — Maximum output VA after 60' ?n with any non-capacitive load including short circuit.

-

7k
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Table 13.2
Limits for battery sources not inherently limited (overcurrent protective device required)

Output Voltage U ¢, volts @

Output Current | 4,

Apparent Power S,
VA® /

Current Rating of
rcurrent Protective

V d.c. amperes? DeYice, amperes 9
<20 " /4 f " <5

20 < Uy, < 30 < 1000/U,, < 250 < 100/Uq,

30 < Uy, < 60 At < 100/Uq,

@ Uy — Open circuit battery voltage with all load circuits disconnected.

b .. — Maximum output current with any non-capacitive load, including a short circuit, measu& 60\¢ after application of the
load.

¢ S(VA) — Maximum output VA after 60 s of operation with any non-capacitive load i circuit.

d The current ratings of overcurrent protective devices are based on fuses and circ hat break the circuit within
120 s with a current equal to 210% of the current rating specified in the table.

y
]
13.3 Where an overcurrent protective device is used, it shall be non-adjustable, nonautoreset,
electromechanical device.
13.4 Batteries shall be fully charged when conducting t rements for Uy and Is. according to
Tables 13.1 and 13.2.

13.5 The load referenced in items 2) and 3) of Table 7% and 13.2 shall include the threshold (Is.) and
(S) load values indicated in Tables 13.1 and 13.2 as_ye€ ad adjusted to develop maximum current
elg

and power transfer respectively. Single faults in a reg network are applied under all four of these
load conditions.

13.6 Batteries that meet the requirements aree%‘te include the Marking "LPS" to indicate that they

are considered to be a limited power source. Bajteriag {hat do not meet these requirements, regardless of
terminal design, are restricted to applicatio re a limited power source is not required.

-
B
14 Crush Test 1597

14.1 The batteries are to be teste bient temperature of 20 £5°C (68 +9°F).

MECHANICAL TESTS

14.2 A battery is to be crushed
a hydraulic ram with a 32 mm (1.
reading of 17.2 MPa (2500 p#i

(3000 pounds). Once the

wo flat surfaces. The force for the crushing is to be applied by
) diameter piston. The crushing is to be continued until a pressure
is réached on the hydraulic ram, resulting in an applied force of 13 kN
pressure has been obtained it is to be released.

14.3 A cylindrical or prigmatic
of the crushing appar
so that both the wid

be subjected to a cruswi

ttery is to be crushed with its longitudinal axis parallel to the flat surfaces
jsmatic battery is also to be rotated 90 degrees around its longitudinal axis
w sides will be subjected to the crushing force. Each sample battery is to

orce in only one direction. Separate samples are to be used for each test.

_—

\
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14.4 A coin or button battery is to be crushed with the flat surface of the battery parallel with the flat
surfaces of the crushing apparatus.

14.5 The samples shall not explode or catch fire.

15 Impact Test //\

15.1 The batteries are to be tested in an ambient temperature of 20 +5°C (68 +9°F).

15.2 A test sample battery is to be placed on a flat surface. A 15.8 mm ( C iameter bar is to be
placed across the center of the sample. A 9.1 +0.46 kg (20 +1 pound) weight\¢ to be dropped from a

height of 610 £25 mm (24 %1 inch) onto the sample. (See Figure 15.1%
Figure 15.1 %
Impact test
Weight Support Rope

/

f Containment Tube

-
\.
NH
N
// -
4
Steel h
Impact
Chamber g <20 lEt
(Hinged Door Not Showr) 69 welg
/ i E/attery

SM1025 5/8 in. dia. bar

15.3 A cylindrical or prismati
and perpendicular to
the center of the tes
axis so that both th
subjected to only grsing

_—

\

ttery is to be impacted with its longitudinal axis parallel to the flat surface
itudinal axis of a 15.8 mm (5/8 inch) diameter curved surface lying across
prismatic battery is also to be rotated 90 degrees around its longitudinal

nd narrow sides will be subjected to the impact. Each sample battery is to be
ihpact. Separate samples are to be used for each test.
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15.4 A coin or button battery is to be impacted with the flat surface of the test sample parallel to the flat
surface and the 15.8 mm (5/8 inch) diameter curved surface lying across its center.

15.5 The samples shall not explode or catch fire.

16 Shock Test //\:

16.1 The cell is to be secured to the testing machine by means of a rigid mount®which supports all
mounting surfaces of the cell. Each cell shall be subjected to a total of threéstetks of equal magnitude.
The shocks are to be applied in each of three mutually perpendicular directio it has only two axes
of symmetry in which case only two directions shall be tested. Each shock is\to applied in a direction

normal to the face of the cell. For each shock the cell is to be acceler in such a manner that during
the initial 3 milliseconds the minimum average acceleration is 75 g ( is#the local acceleration due

to gravity). The peak acceleration shall be between 125 and 175 g. be tested at a temperature

of 20 +5°C (68 £9°F).

16.2 The samples shall not explode or catch fire. )@’

16.3 The sample shall be examined 6 hours after testing argl shall not vent or leak as described in 5.2.
17 Vibration Test %

17.1 The batteries are to be tested in an ambient ten@l reqof 20 +5°C (68 +9°F).

-
mm (0.06 inch) total maximum excursion].

17.2 A battery is to be subjected to simple harmo@ ith an amplitude of 0.8 mm (0.03 inch) [1.6

17.3 The frequency is to be varied at the rate ; {iZ per minute between 10 and 55 hertz and return

in not less than 90 nor more than 100 minutes. Jhe ery is to be tested in three mutually perpendicular

directions. For a battery that has only two & e7'0>symmetry, the battery is to be tested perpendicular to
. e

each axis. -

17.4 The samples shall not explode ire.
17.5 The sample shall be examined after testing and shall not vent or leak as described in 5.2.

‘yg

%)
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BATTERY ENCLOSURE TESTS

18 General

18.1 The batteries are to be tested in an ambient temperature of 20 +5°C (68 +9y

18.2 Batteries with outer plastic enclosures shall be subjected to the tests desCring ections 19, 20,

and 21.

19 250 N Steady Force Test

19.1 The batteries are to be tested in an ambient temperature of 20 + 8 +9°F).
19.2 External enclosures of the battery pack are to be subjected t force of 250 £10 N (56 +2
pounds force) for a period of 5 seconds, applied in turn to the top,ybottddand sides of the battery pack

enclosure by means of a suitable test tool providing contact o ircular plane surface 30 mm (1.2
inches) in diameter.

19.3 The samples shall not explode or catch fire. In additiorg thegouter battery enclosure shall not crack
to the extent that the cells or any protective devices are e
19.4 The sample shall be examined 6 hours after test'&,an shall not vent or leak as described in 5.2.

20 Mold Stress Relief Test -

N

20.1 Each of three samples are to be placed in raft circulating-air oven maintained at a uniform
temperature of 70°C (158°F). The samples are indin the oven for 7 hours.

-
_

Exception: If the maximum temperature, T, re ed during the Abnormal Charging Test, 10.12 a)

exceeds 60°C (140°F), then the oven temp§7[ ig to be maintained at a temperature equal to T4y +
o, o e

10°C (50°F). -

20.2 After careful removal from the nd return to room temperature, following the conditioning
described in 20.1, the samples shall @évidence of mechanical damage, such as cracking of the

battery jacket or leakage of electrolyt

20.3 The samples shall not ex tch fire. The sample shall not vent or leak as described in 5.2.
In addition, the outer battery shall not crack to the extent that the cells or any protective

devices are exposed.
@

_—
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21 Drop Impact Test

21.1 The batteries are to be tested in an ambient temperature of 20 +5°C (68 +9°F).

21.2 Each of three samples is to be dropped from a height of 1 m (3.28 ft) so it strj a concrete surface
in the position that is most likely to produce the adverse results in 21.3. Each gaygle ¥§to be dropped
three times.

21.3 The samples shall not explode or catch fire. st

21.4 The sample shall be examined 6 hours after testing and shall not ve&r\%.as described in 5.2,
and the integrity of the protective devices shall be maintained. %
21.5 The outer battery enclosure shall not crack to the extent tha any protective devices are

exposed.
FIRE EXPOSURE TESTS )@’

22 Projectile Test

22.1 When subjected to the test described in 22.2 — 22.5\n of an exploding cell or battery shall
create a hole in the wire screen cage or penetrate the¢ﬂri sareén cage such that some or all of the cell

or battery protrudes through the screen cage.
-

22.2 Each test sample cell or battery is to be plac%oﬁ?& een that covers a 102 mm (4 inch) diameter
0

hole in the center of a platform table. The scr be constructed of steel wire mesh having 20
openings per inch (25.4 mm) and a wire diame A3mm (0.017 inch).
-0 -

-
22.3 The screen is to be mounted 38 mm (1- in above a burner. The fuel and air flow rates are to
be set to provide a bright blue flame that ca sfsysupporting screen to glow a bright red.

e

~~

22.4 An eight-sided covered wire cage, 7& (2 feet) across and 305 mm (1 foot) high, made from
metal screening is to be placed ove tgst sample. See Figure 22.1. The metal screening is to be
constructed from 0.25 mm (0.010 inc r aluminum wire with 16 — 18 wires per inch (25.4 mm) in
each direction.

22.5 The sample is to be heateep remain on the screen until it explodes or the cell or battery has
ignited and burned out. It is no @ to secure the sample in place unless it is at risk of falling off the
screen before the test is complet hen required, the sample shall be secured to the screen with a
single wire tied around the_s e.

%)
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Figure 22.1
Test apparatus for projectile test

1/4"(6.4mm) DIA. ROD,
12"(356mm) LONG, THREADED
BOTH ENDS, BOLTED BETWEEN
TOP AND BOTTOM FRAMES

1/2"x1/2" (12.7 X 12.7mm)

ANGLE, TOP AND BOTTOM
sk |
y&. BURNER :
| |
| |

TR

S3106
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ENVIRONMENTAL TESTS

23 Heating Test

23.1 The sample shall not explode or catch fire when subjected to the test des?r'ﬂ?%S.z - 23.4.

23.2 A battery is to be heated in a gravity convection or circulating air oven witl ial temperature of
20 +5°C (68 £9°F).
‘NJ

23.3 The temperature of the oven is to be raised at a rate of 5 £2°C +3p°F) per minute to a
temperature of 130 £2°C (266 +£3.6°F) and remain at that temperature for 10\miytes.

23.3 revised September 21, 2005

23.4 The sample shall return to room temperature (20 +5°C) and th mined.

24 Temperature Cycling Test
24.1 The batteries are to be placed in a test chamber and subject the following cycles:

a) Raising the chamber-temperature to 70 £3°C ( within 30 minutes and maintaining
this temperature for 4 hours.

b) Reducing the chamber temperature to 20 &° 8 45°F) within 30 minutes and maintaining
this temperature for 2 hours. -

N

40 £3°C (minus 40 +5°F) within 30 minutes and

maintaining this temperature for 4 hours \c‘
-
d) Raising the chamber temperatur ZI)X;S" (68 £5°F) within 30 minutes.

¢) Reducing the chamber temperature t

e) Repeating the sequence for a >’ycles.

f) After the 10th cycle, storin teries for a minimum of 24 hours prior to examination.
24.2 The samples shall not explod h fire. In addition, the samples shall not vent or leak as
described in 5.2. -
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MARKING

25 General

25.1 A battery shall be legibly and permanently marked with: m
a) The manufacturer's name, trade name, or trademark or other descri p@hr ing by which
the organization responsible for the product may be identified;

b) A distinctive (“catalog” or “model”) number or the equivalent; \

c) The electrical rating; and
d) The date or other dating period of manufacture not exce three consecutive months.

Exception No. 1: The manufacturer’s identification may be in a §dc, e code if the product is identified
by the brand or trademark owned by a private labeler.

Exception No. 2: The date of manufacture may be abbregate

; or may be in a nationally accepted
conventional code or in a code affirmed by the manufactu S

d that the code:

a) Does not repeat in less than 10 years , an
b) Does not require reference to the produc#o ds of the manufacturer to determine when
the product was manufactured. N

25.1 revis %512, 2008

25.2 When a manufacturer produces the batte: \{’\‘ore than one factory, each battery shall have a
a icular factory.

distinctive marking to identify it as the prodyct

25.3 A battery or the smallest unit pack r?nyjctions provided with each battery shall include the
following statements or equivalent:

a) An attention word, such a ;" “Warning,” or “Danger.”
zards associated with mishandling of the battery, such as

b) A brief description of pgssibl
N hazard.

burn hazard, fire hazard?

c) A list of actions to yake

void possible hazards, such as do not crush, disassemble,
dispose of in fire, Q[ Ai i

r actions.

25.4 The manufacturer’s ifie@h charging instructions shall be included.

25.5 A cell or batter. S Tyss than 32 mm (1.25 inches) in diameter by 3.8 mm (0.15 in) thick shall
include the following i r equivalent on the smallest unit package or instructions provided with each
cell or battery:

“Caution — Nev batteries in mouth. If swallowed, contact your physician or local poison
control center.” \
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25.6 Batteries which meet the requirements of the Limited Power Source Test, Paragraph 13.4, may

2
\
N
2
N

‘N
%\
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Superseded requirements for
the Standard for
Household and Commercial Batteries

UL 2054, Second Edition
The requirements shown are the current requirements that have been supers@quirements in
t c

revisions issued for this Standard. To retain the current requirements, do n ard the following

requirements until the future effective dates are reached. s
13 Limited Power Source Test \
Section 13 effective until October 30, 2006
13.1 Determine the maximum power output capability, Pyax, Of th attery, by varying the load

impedance from open circuit to short circuit. Overcurrent or therm
or bypassed.

p tive devices shall be disabled

13.2 Three sample batteries are to be used for this test. T ries shall be in the fully charged
condition with overcurrent or thermal protective devices enabled (operational). The battery is to be loaded
to the equivalent resistance load that produced Pyax in Qg a length of AWG 20 Nichrome wire.
Two layers of cheesecloth shall be draped over the Nichr in this test. The steady state circuit
voltage and current at the battery terminals and the cheesecl all be monitored for 60 seconds.

13.3 When an overcurrent or thermal protective dg has been investigated for the purpose
actuates during the test, the test shall be repeated with tery supply connected to the maximum load
that will not cause the protective device to open. oteclive device that has not been investigated for

the purpose shall be short circuited. h&\

13.4 A cell or battery shall comply with the foIIoW\lﬁ,\\rwquirements:

a) The maximum output current Sﬁ% onds shall be less than or equal to 8.0 amp, and

~~
b) The power output shall be | han B times the open circuit voltage, measured at the end of
a 60-second period, and 159,

¢) The cheesecloth shall ngt i

-
Cells and batteries that meet th @ ents are eligible to include the Marking "LPS" to indicate that
they are considered to be a limite er source. Cells and batteries that do not meet these requirements

are restricted to applications Where aNimited power source is not required.
-

Exception: Batteries desij h that they cannot be externally shorted, (such as batteries equipped
with retractable leads), geed meet these requirements.

7k
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