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9)

This fedline version of the official IEC Standard allows the user to identify the changes mﬂde to
the previous:edition IEC 60086-5:2016. A vertical bar appears in the margin wherever a cha
has heenimade. Additions are in green text, deletions are in strikethrough red text.

INTERNATIONAL ELECTROTECHNICAL COMMISSION

PRIMARY BATTERIES -
Part 5: Safety of batteries with aqueous electrolyte

FOREWORD

International Electrotechnical Commission (IEC) is a worldwide organization for standardization, comj
alllnational electrotechnical committees (IEC National Committees). The object of IEC is to promote’jnterna
coloperation on all questions concerning standardization in the electrical and electronic fields. yTo this er]
in pddition to other activities, IEC publishes International Standards, Technical Specifications, Technical Rq
Publicly Available Specifications (PAS) and Guides (hereafter referred to as “IEC Publication(s)”).

rising
tional
d and
ports,
Their

préparation is entrusted to technical committees; any IEC National Committee interested in the subject dedlt with

may participate in this preparatory work. International, governmental and non-governmental organizations |
with the IEC also participate in this preparation. IEC collaborates closely with the Interhational Organizat
Standardization (ISO) in accordance with conditions determined by agreement betwgen the two organizati

Thie formal decisions or agreements of IEC on technical matters express, as nearly as possible, an interng
copsensus of opinion on the relevant subjects since each technical committee has representation fr
interested IEC National Committees.

IEC Publications have the form of recommendations for international\use and are accepted by IEC N3
Cdmmittees in that sense. While all reasonable efforts are made to’ensure that the technical content
Publications is accurate, IEC cannot be held responsible for the“way in which they are used or fq
miginterpretation by any end user.

In|order to promote international uniformity, IEC Nationak Committees undertake to apply IEC Publig
trgnsparently to the maximum extent possible in their national and regional publications. Any divergence be
anl IEC Publication and the corresponding national or fegional publication shall be clearly indicated in the

IEC itself does not provide any attestation of conformity. Independent certification bodies provide conf|
aspessment services and, in some areas, access t0 I[EC marks of conformity. IEC is not responsible f
sefvices carried out by independent certificationbodies.

Alllusers should ensure that they have the latést edition of this publication.

Nd liability shall attach to IEC or its directors, employees, servants or agents including individual exper
megmbers of its technical committees and’|IEC National Committees for any personal injury, property dam
othher damage of any nature whatsgever, whether direct or indirect, or for costs (including legal feeg
expenses arising out of the publication, use of, or reliance upon, this IEC Publication or any othg
Pdyblications.

At{ention is drawn to the Normative references cited in this publication. Use of the referenced publicati
indispensable for the cortect application of this publication.

At{ention is drawn to(the possibility that some of the elements of this IEC Publication may be the subject of
rights. IEC shall nét be held responsible for identifying any or all such patent rights.
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IEC 60086-5 has been prepared by IEC technical committee 35: Primary cells and batteries. It
is an International Standard.

This fifth edition cancels and replaces the fourth edition published in 2016. This edition
constitutes a technical revision.

This edition includes the following significant technical changes with respect to the previous
edition:

a) revised information for safety dealing with keeping batteries out of the reach of children;

b) remeovalofthe-method-to-determine-the-nsulationresistance;
c) changes to the test matrix;

d)
e) revised definition and note for "button cell" or "button battery" in 3.2;
f)

—

gvision of the over-discharge test;

—

gvised method for evaluation of an explosion, moved from 3.6 to 6.2.1,

The fext of this International Standard is based on the following documenfs:

FDIS Report on voting
35/1471/FDIS 35/1472/RYD

Full information on the voting for its approval can be found-in the report on voting indicated in
the apove table.

The llanguage used for the development of this knfernational Standard is English.

This [document was drafted in accordance *with ISO/IEC Directives, Part 2, and developgd in
accofdance with ISO/IEC Directives, Part.4and ISO/IEC Directives, IEC Supplement, avalilable
at wyvw.iec.ch/members_experts/refdogs’ The main document types developed by IEQ are
descfibed in greater detail at www.iec.ch/standardsdev/publications.

A list of all parts in the IEC 60086 series, published under the general title Primary battéries,
can be found on the IEC website.

The ¢ommittee has decided that the contents of this document will remain unchanged unfil the
stability date indicated”on the IEC website under webstore.iec.ch in the data related tp the
speclfic documenti At this date, the document will be

—

g¢confirmed,

e withdrawn,

o rgplaced by a revised edition, or

e amended.

NOTE The attention of National Committees is drawn to the fact that equipment manufacturers and testing
organizations may need a transitional period following publication of a new, amended or revised IEC document in
which to make products in accordance with the new requirements and to equip themselves for conducting new or
revised tests.

It is the recommendation of the committee that the content of this document be adopted for implementation nationally
not earlier than 2 years from the date of publication. The transitional period applies specifically to Table 7.

IMPORTANT - The "colour inside"” logo on the cover page of this document indicates that it
contains colours which are considered to be useful for the correct understanding of its
contents. Users should therefore print this document using a colour printer.
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INTRODUCTION

The concept of safety is closely related to safeguarding the integrity of people and property.
This part of IEC 60086 specifies tests and requirements for primary batteries with aqueous
electrolyte and has been prepared in accordance with ISO/IEC guidelines, taking into account
all relevant national and international standards which apply. Also included in this document is
guidance for appliance designers with respect to battery compartments and information
regarding packaging, handling, warehousing and transportation.

Safety is a balance between freedom from risks of harm and other demands to be met by the
prodt i
only pe relatively safe. In this respect, decision-making is based on risk evaluation and\s
judgement.

As s3fety will pose different problems, it is impossible to provide a set of precisg’provisions and
recommendations that will apply in every case. However, this document, when' followed|on a
judiclous "use when applicable" basis, will provide reasonably consistent standards for sdfety.
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PRIMARY BATTERIES -

Part 5: Safety of batteries with aqueous electrolyte

1 Scope

This part of IEC 60086 specifies tests and requirements for primary batteries with agueous
electfolyte to ensure their safe operation under intended use and reasonably foreseg¢able
misuge.

2 Normative references

The following documents are referred to in the text in such a way that some or all of their content
constitutes requirements of this document. For dated references, only the-edition cited applies.
For undated references, the latest edition of the referenced (decument (including| any
amendments) applies.

IEC $0086-1:2015, Primary batteries — Part 1: General

IEC 60086-2:2015, Primary batteries — Part 2: Physicaland electrical specifications

3 Terms and definitions

For the purposes of thissdocument, the following terms and definitions apply.

ISO Ind IEC maintain terminological databases for use in standardization at the follgwing
addr¢sses:

e |HC EleetrOpedia: available at http://www.electropedia.org/

e 1$0Online browsing platform: available at http://www.iso.org/obp

3.1

battery

one or more cells electrically connected by permanent means, fitted in a case, with terminals,
markings and protective devices etc., as necessary for use

[SOURCE: IEC 60050-482:2004, 482-01-04 [1], modified — The definition has been revised.]

3.2

button cell

button battery

small round cell or battery where the overall height is less than the diameter, containing
aqueous electrolyte
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Note 1 to entry:

or battery) in IEC 60086-1 Yand IEC 60086-2.

ceII
[SOURCE: IEC 60050-482:2004, 482-02-40, modified — The second term "coin cell" has been
deleted, the definition has been revised and the note has been replaced with a new note.]

3.3
cell
basic functional unit, consisting of an assembly of electrodes, electrolyte, container, terminals
and usually separators, that is a source of electric energy obtained by direct conversion of
chenfjical energy

[SOURCE: IEC 60050-482:2004, 482-01-01, modified — The note has been deleted?]

component cell
cell dontained in a battery

cylindrical cell

cyli::]ddrical battery
cell or battery with a cylindrical shape in which the averall height is equal to or grgater

roun

the diameter

than

[SOURCE: IEC 60050-482:2004, 482-02-39, modified — In the definition, "cell-with-a-cylingrical
shapp " has been replaced by "round cell or battery".]

3-6

the¢
37
fire
flamd

interjded use
use in accordance_with information provided with a product or system, or, in the absenfe of
such|information,\by generally understood patterns of usage

[SOYRCE=SISO/IEC Guide 51:2014, 3.6 [2]]

39

leclmge
unplanned-escape-of electrolyte from-acellorbattery
[SOURCEIEC 60050-482:2004,-482-02-32]

3.7

nominal voltage

VF} Un

<of a primary battery> suitable approximate value of the voltage used to designate or identify
a cell, a battery or an electrochemical system

[SOURCE: IEC 60050-482:2004, 482-03-31, modified ——{(addition-of “(of-aprimary-battery)and
symbel¥,.} The domain and symbol have been added.]
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3.8

primary cell

primary battery

cell or battery that is not designed to be electrically recharged

3.9

prismatic cell

prismatic battery

cell or battery having the shape of a parallelepiped whose faces are rectangular

[SOURCE: IEC 60050-482:2004, 482-02-38, modified{deletion—of "gualifiesa~} — "cell" and
"battgry" have been added to the term and "qualifies a" has been deleted.]

3.10
protective device
devide such as fuse, diode or other electric or electronic current limiter designed to intgrrupt
the cpurrent flow in an electrical circuit

3.1
reaspnably foreseeable misuse
use of a product or system in a way not intended by the supplier;”but which can result|{from
readily predictable human behaviour

[SOURCE: ISO/IEC Guide 51:49992014,3-44,—modified-(“process—or-service"replaced-Qy—or
systgm” = = “can” [ 3.7, modified — The notes |have
been|deleted.]

3.12
round cell

round battery

cell gr battery with circular cross section

3.13
safely
freedom from risk which is nottolerable

[SOURCE: ISO/IEC Guide'51:2014, 3.14]

3.14
undischarged

state|of-charge;of a primary cell or battery-cerresponding-te at 0 % depth of discharge

4 Requirements for safety

4.1 Design
4.1.1 General

Batteries shall be so designed that they do not present a safety hazard under conditions of
normal (intended) use.
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4.1.2 Venting

All batteries shall incorporate a pressure relief feature or shall be so constructed that they will
relieve excessive internal pressure at a value and rate which will preclude explosion. If
encapsulation is necessary to support cells within an outer case, the type of encapsulant and
the method of encapsulation shall not cause the battery to overheat during normal operation
nor inhibit the operation of the pressure relief feature.

The battery case material and/or its final assembly shall be so designed that, in the event of
one or more cells venting, the battery case does not present a hazard in its own right.

4.2 | Quality plan

The manufacturer shall prepare and implement a quality plan defining the procedures fgr the
inspgction of materials, components, cells and batteries duringsthe’course of manufacture, to
be applied to the total process of producing a specific type_of battery. Manufacturers should
undefstand their process capabilities and should institute the 'necessary process controls as
they relate to product safety.

(3]
oW

pampling

5.1 General

Samples should be drawn from productiontlots in accordance with accepted statistical methods
and ghall meet the requirements specifiéd for dimensions and open circuit voltage set fofth in
IEC $0086-2. Samples failing to megt these requirements shall be discarded and new samples
seledted.

5.2 | Sampling for type-approval testing

The number of samplestdrawn for type-approval testing is given in Figure 1.
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Open circuit voltage (n = 70)
Dimensions (n = 70)

Intended use

Reasonably
foreseeable
A B-1 B-2 A misuse
Partial Transportation- Transportation- Climatic
use shock vibration
(n- ) n=9) n=9) n=9)
D E F G
Incorrect External Over- Freg
installation short discharge fall
see NOTE 1 circuit see NOTE 2
(n =20) (n=5) (n 220) (n=1%)
IEC
NOTE|1 Four batteries connected in series with one of the four batteries reversed)(5 sets).

NOTE|

6.1

6.1.1

Appli

2 Four batteries connected in series, one of which is discharged (5 sets).

Figure 1 — Sampling for-type-approval tests and number of batteries required

Validity of testing
or batteries with aqueous electrolyte shall bg'subjected to the tests, as required i
5ting is required when:

battery specification changes by mgre than 0,1 g or 20 % mass, whichever is greatdr
e cathode, anode or electrolyte;

battery specification change would lead to a failure of any of the tests;
ere is an addition of new.{ests or requirements; or

ere is a requirement change that would lead to a failure of any of the tests.
[esting and requirements

General
Applicable safety tests

cable safety tests are shown in Table 1. The tests described in Table 2 and Table 6

inten

fedto simutate conditions which the battery is tikety toencoumter during imtended us

reasonably foreseeable misuse.

this

ment. Testing remains valid until a design.change or requirement revision has been made.

, for

are
and
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Table 1 — Test matrix

- 13—

Nominal Applicable tests
System Negative Electrolyte Positive voltage E
letter electrode y electrode per cell I_E A g'; c D E F G
v -
No letter | Zinc (Zn) | Ammonium | Manganese 1,5 R X X X X X X X
chloride, dioxide
Zinc (MnO,)) B NR
chloride Pr X X X X X X X
*
M X X X NR X NR X
A Zinc (Zn) | Ammonium Oxygen 1,4 R X X X NR X X X
chloride, (0,)
Zinc NR
chloride Pr X X X X X X X
M X X X NR X X X
U Zinc (Zn) | Alkali metal | Manganese 1,5 R X X X X X X X
hydroxide dioxide
(MnO,) X X X NR X NR X
Pr X X X X X X X
M X X X NR X NR X
A Zinc (Zn) | Alkali metal | Oxygen air | 1,4 0or 1,45 | R NR
hydroxide (0,)
* * * *
By "R NR NR NR NR NR NR
Pr X X X X X X X
M NR
S Zinc (Zn) | Alkali metal Silver ¥,55 X X X NR X NR X
hydroxide oxide B NR NR
(Agzo) X X X X X
Pr X X X X X X X
M NR
Test [description: Key
A: storage after partial use R:  cylindrical (3.5) X: Required
B-1: | transportation-shock B: button (3.2) NR: Not required
B-2: | transportation-vibration Pr: prismatic single cell (3.11)
C: climatic-temperaturgé sycling M:  multicell
D: incorrect installation
E: external short.circuit
F: overdischarge
G: free fall
If nedessary/ follow the discharge conditions of the IEC 60086 cells
or batteries under Y y ) are

exempt-from arTy tcatilly.

6.1.2

Cautionary notice

WARNING - The tests in this document call for the use of procedures which can result
in injury if adequate precautions are not taken.

It has been assumed in the drafting of these tests that their execution is undertaken by
appropriately qualified and experienced technicians using adequate protection.
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Unless otherwise specified, these tests shall be carried out at an ambient temperature of

20°C x5 °C.

6.2 Evaluation of test criteria

6.2.1 Explosion

An explosion is considered to have occurred when there is an instantaneous release wherein
solid matter from any part of the battery is propelled to a distance greater than 25 cm away

th hatt
from the-battery-

6.2.2 Fire

A firq is considered to have occurred if flames are emitted from a test cell or battery.

6.2.3 Leakage

Leakpge is considered to have occurred if there is an unplanned escape of electrolyte fr

cell gr battery.

6.2.4 Venting

Venting is considered to have occurred if there is a releaseof excessive internal pressure

a cell or battery in a manner intended by design to precfude explosion.

6.3 Intended use

6.3.1 Intended use tests and requirements

Table 2 — Intended.use tests and requirements

from

Test Intended use simulation Requirements
Electfical test A Storage after partial use No leakage (NL)
No fire (NF)
No explosion (NE)
Envirpnmental tests B-1 | Transportation-shock No leakage (NL)
No fire (NF)
No explosion (NE)
B-2 | Transportation-vibration No leakage (NL)
No fire (NF)
No explosion (NE)
Climatic-temperature C Climatic-temperature cycling No fire (NF)

No explosion (NE)

6.3.2 Intended use test procedures

6.3.2.1 Test A — Storage after partial use

a) Purpose

This test simulates the situation when an appliance is switched off and the installed batteries
are partly discharged. These batteries may be left in the appliance for a long time or they

are removed from the appliance and stored for a long time.

b) Test procedure

An undischarged battery is discharged under an application/ or service output test condition,
with the-lewestresistive load-testas defined in IEC 60086-2 resulting in the longest test
duration until the service life falls by 50 % of the highest minimum average duration (MAD)

value, followed by storage at 45 °C +-5 2 °C for 30 days.
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The temperature tolerance of +2 °C is for the temperature maintain period and a brief over-
shoot in temperature is allowed during the transition period.

¢) Requirements
There shall be no leakage, no fire and no explosion during this test.

6.3.2.2 Test B-1 — Transportation-shock
a) Purpose

This test simulates the situation when an appliance is carelessly dropped with batteries
installed in it. This test condition is generally specified in IEC 60068-2-27 [3]".

b) Tpstprocedure
Aln undischarged battery shall be tested as follows.

The shock test shall be carried out under the conditions defined in Table 3 and the'sequence
i Table 4.

Shock pulse — The shock pulse applied to the battery shall be as follows:

Table 3 — Shock pulse

Acceleration Waveform
Minimum average acceleration Peak acceleration
first three milliseconds
75 g, 125 g, t0 175 g, Half sine

NOTE g, = 9,806 65 m/s?.

Table 4 — Test sequence of the shock test

Step| Storage time Battery orientation Number of shocks Visual examinatijon

periods

1 - - - Pre-test

2 - a 1 each -

3 - a 1 each -

4 - a 1 each -

5 1h - - -

6 - - - Post-test

a8 The shock shdll.be applied in each of three mutually perpendicular directions.

Step 1 Record open circuit voltage in accordance with 5.2.

Steps 2 to 4  Apply shock test specified in Table 3 and the sequence in Tabhle 4
Step 5 Rest battery for 1 h.
Step 6 Record examination results.

c) Requirements

There shall be no leakage, no fire and no explosion during this test.

6.3.2.3 Test B-2 — Transportation-vibration
a) Purpose

T Numbers in square brackets refer to the bibliography.


https://iecnorm.com/api/?name=098266907d65e48fae194811d5901dba

b)

- 16 - IEC 60086-5:2021 RLV © IEC 2021

This test simulates vibration during transportation. This test condition is generally specified
in IEC 60068-2-6 [4].

Test procedure
An undischarged battery shall be tested as follows.

The vibration test shall be carried out under the following test conditions and the sequence
in Table 5.

Vibration — A simple harmonic motion shall be applied to the battery having an amplitude of
0,8 mm, with a total maximum excursion of 1,6 mm. The frequency shall be varied at the
rate of 1 Hz/min between the limits of 10 Hz and 55 Hz. The entire range of frequencies
(10 Hz to 55 Hz) and return (55 Hz to 10 Hz) shall be traversed in (90 + 5) min for each
mounting position (direction of vibration).

Table 5 — Test sequence of the vibration test

Step Storage time Battery orientation Vibration time Visual‘examinatijon
periods
- - - Pre-test
2 - a (90 £ 5) min each -
3 - a (90 + 5) min each -
4 - a (90 £ 5) minneach -
5 1h - - -
6 - - - Post-test
@ The vibration shall be applied in each of three mutually perpendicular directions.

6.3.2.4 Test C — Climatic-temperature cycling

Step 1 Record open circuit voltage in, accordance with 5.2.

Steps 2 to 4 Apply the vibration specified in 6.3.2.3 in the sequence in Table 5.
Step 5 Rest battery for 1 h.

Step 6 Record examination results.

Requirements

There shall be no leakage, o fire and no explosion during this test.

This test assesses the integrity of the battery seal which may be impaired after temperpture

undischarged battery shall be tested under the following procedure.

Temperatureeyelingprocedure{see S belowandiorFEigure

1) Place the batteries in a test chamber and raise the temperature of the chamber to
70 °C £ 5 °C within #; = 30 min.

2) Maintain the chamber at this temperature for #, = 4 h.

3) Reduce the temperature of the chamber to 20 °C + 5 °C within #; = 30 min and maintain
at this temperature for /3 = 2 h.

4) Reduce the temperature of the chamber to —20 °C £ 5 °C within #; = 30 min and maintain
at this temperature for t, = 4 h.

5) Raise the temperature of the chamber to 20 °C = 5 °C within #; = 30 min.

6) Repeat the sequence for a further nine cycles.

7) After the 10th cycle, store the batteries for seven days prior to examination.
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70 °C

20 °C

-20°C

1) 13

| |
£} : Iy : i
1 T

A

A

IEC

t = 0 min
t, =4 h
i3 =2h

Figure 2 — Temperature cycling procedute

c) Requirements
There shall be no fire and no explosion during this test.

6.4 | Reasonably foreseeable misuse
6.4.1 Reasonably foreseeable misuse tests and requirements

Table 6 — Reasonably foreseeable misuse tests and requirements

Test Misuse simulation Requirements

Electrical tests D Incorrect.installation No fire (NF)
No explosion (NE)2

E External short circuit No fire (NF)
No explosion (NE)

F Overdischarge No fire (NF)
No explosion (NE)

Envirpnmental test G Free fall No fire (NF)
No explosion (NE)

a8 Spe NOTE 2 of 6:4:2.1 b).

6.4.2 Reasonably foreseeable misuse test procedures

6.4.2t+——Test D=1Incorrectinstattation(four batteriesimseries)

a) Purpose

This test simulates the condition when one battery in a set is reversed.
b) Test procedure

Four undischarged batteries of the same brand, type and origin shall be connected in series
with one reversed (B1) as shown in Figure 3. The circuit shall be completed for 24 h or until
the battery case temperature has returned to ambient.

The resistance of the inter-connecting circuitry shall not exceed 0,1 Q.
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6.4.2.2 Test E — External short circuit

c)

6.4.2.3 Test F — Overdischarge

a)

b)
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IEC

Figure 3 — Circuit diagram for incorrect installation (four batteries in series)

NOTE 1 The circuit in Figure 3 simulates a typical misuse condition.

N

equirements
There shall be no fire and no explosion during this test (see NOTE 2 of 6(4,2.1 b)).

Purpose
This misuse may occur during daily handling of batteries.
Test procedure

Aln undischarged battery shall be connected as shownin Figure 4. The circuit shgll be
cpmpleted for 24 h or until the battery case température has returned to ambient| The
re@sistance of the inter-connecting circuitry shall not exceed 0,1 Q.

i

IEC

Figure 4 — Circuit diagram for external short circuit

Rlequirements
There shall be no fire and"no explosion during this test.

Purpose

acingsa*discharged battery in a CIFCUIt with undischarged batteries (i.e. mixing new| with
5ed, oF old batteries).

H c T %4

One undischarged battery (C1) is discharged under the application or service output test
condition, with the highest MAD value (expressed in time units), as defined in IEC 60086-2,
until the on-load voltage falls to (n x 0,6 V) where n is the number of cells in the battery.
Then, three undischarged batteries and one discharged battery (C1) of the same brand,
type and origin shall be connected in series as shown in Figure 5. The discharge shall be

continued-until-the total-on-load voltage falls to four times (# x-0,6-V) for 24 h.
The value of the resistor (R1) shall be approximately four times the lowest value from the

resistive load tests specified for that battery in IEC 60086-2. The final value of the resistor
(R1) shall be the nearest value to that-prescribed specified in 6.4 of IEC 60086-1:2015.
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c)

6.4.2.4 Test G — Free fall test

a)

b)

c)

7

7.1

IEC

IEC

Figure 5 — Circuit diagram for overdischarge

Requirements
There shall be no fire and no explosion during this test.

Purpose

This test simulates the situation when a battery is accidentally dropped. The test con
g based upon IEC 60068-2-31 [5].

Test procedure

ndischarged test batteries shall be dropped from a height of 1 m onto a concrete sur
ach test battery shall be dropped six times,\a prismatic battery once on each of if

mc

hall be stored for 1 h afterwards.

n

z

IEC

Figure 6 — XYZ axes for free fall

dition

face.
S Six

fgces, a round battery twice in each of the three axes shown in Figure 6. The test batteries

Requirements

There shall be no fire and no explosion during this test.

Information for safety

Precautions during handling of batteries

When used correctly, primary batteries with aqueous electrolyte provide a safe and dependable
source of power. However, battery misuse or abuse may result in leakage, or in extreme cases,
fire and/or explosion.

a) Always insert batteries correctly with regard to the polarities (+ and —) marked on the battery

and the equipment.
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c)

e)

g)

h)
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Batteries which are incorrectly placed into equipment may be short-circuited, or charged.
This can result in a rapid temperature rise causing venting, leakage, explosion and personal
injury. See Annex B for additional details.

Do not short-circuit batteries.

When the positive (+) and negative (-) terminals of a battery are in electrical contact with
each other, the battery becomes short-circuited. For example, loose batteries in a pocket
and/or handbag with keys or coins can be short-circuited. This may result in venting,
leakage, explosion and personal injury.

Keep batteries out of the reach of children

specially keep batteries which are considered swallowable out of the reach of children,
phrticularly those batteries fitting within the limits of the ingestion gauge as defingd in
Fjgure 7. In case of ingestion of a cell or a battery, the person involved should segk mddical
agsistance promptly. Ingested button cells with less than 2 V do not exhibit the potenIal to
c
e

buse chemical burns within a short time. If such cells have passed through the oesophagus,
stablished medical practice is to monitor and allow the cell(s) to naturally\pass.

NPTE 1 Refer toin Annex D, Clause D.1 for more details.

NPTE 2 Refer to [6] for general information on hazards.

A
S o
T
NG
Yo
S
I
+0,1
<rzs31,7 0 >

IEC

Figure 7 — Ingestion gauge

0 not charge batteries.

ttempting to charge a non-rechargeable (primary) battery may cause internal gas ahd/or
bat generation resulting in venting, leakage, explosion and personal injury.

hen _batteries are force discharged with an external power source, the voltage of the
httery will be forced below its design capability and gases will be generated inside the
attery. This may resuit in venting, leakage, explosion and personal injury.

D
A
h
Do not force discharge batteries.
W\
b
b

Do not mix old and new batteries or batteries of different types or brands.

When replacing batteries, replace all of them at the same time with new batteries of the
same brand and type.

When batteries of different brand or type are used together, or new and old batteries are
used together, some batteries may be over-discharged due to a difference of voltage or
capacity. This can result in venting, leakage and explosion and may cause personal injury.

Exhausted batteries should be immediately removed from equipment and properly disposed
of.

When discharged batteries are kept in the equipment for a long time, electrolyte leakage
may occur causing damage to the appliance and/or personal injury.

Do not-heat expose batteries to heat.
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k)

When a battery is exposed to heat, venting, leakage and explosion may occur and ¢
personal injury.

Do not weld or solder directly to batteries.

ause

The heat from welding or soldering directly to a battery may cause internal short-circuiting

resulting in venting, leakage and explosion and may cause personal injury.
Do not dismantle batteries.

When a battery is dismantled or taken apart, contact with the components can be ha
and may cause personal injury or possibly fire.

Do not deform batteries.

rmful

Blatteries should not be crushed, punctured, or otherwise mutilated. Such abuse may, 1
venting, leakage and explosion and cause personal injury.

0 not dispose of batteries in fire.

hen batteries are disposed of in fire, the heat build-up may cause explosionvand per
iNjury. Do not incinerate batteries except for approved disposal in a controlled incinera

NPTE Refer to [6].

o not allow children to replace batteries without adult supervisien.

0 not encapsulate and/or modify batteries.

Ejncapsulation, or any other modification to a battery, may.fesult in blockage of the pres

esult

sonal
tor.

psure

relief vent mechanism(s) and/or prevent removal of hydregen gas generated in the batferies

(gee also Clause B.6). This may lead to explosionsand personal injury. Advice fron
battery manufacturer should be sought if it is™considered necessary to make
odification.

h the
any

o) Sfore unused batteries in their original packaging away from metal objects. If aljeady

7.2

The packaging shall be adequate to avoid mechanical damage during transport, handling
stacKing? The materials and packaging design shall be chosen so as to prevent the develop

uhpacked, do not mix or jumble batteries.

npacked batteries could get jumbled *or get mixed with metal objects. This can ¢
battery short-circuiting which may result in venting, leakage and explosion and per
injury; one of the best ways to avoid this happening is to store unused batteries in
ofiginal packaging.

Remove batteries from equipment if it is not to be used for an extended period of time u
it|lis for emergency purposes:

ause
sonal
their

hless

ed to

It|is advantageous to remove batteries immediately from equipment which has ceas
tgysete:). Although)most batteries on the market today are provided with protective ja
of other means to_¢ontain leakage, a battery that has been partially or completely exha
may be moresprone to leak than one that is unused.

Packaging

fynction satisfactorily,;or when a long period of disuse is anticipated (e.g. portable Iig}ting,

kets
sted

and

ment

of unintentional electrical contact, short circuit, shifting and corrosion of the terminals, and
afford some protection from the environment.

7.3

Handling of battery cartons

Battery cartons should be handled with care. Rough handling might result in battery damage.
This can cause leakage, explosion, or fire.

7.4
a)

Display and storage
Batteries shall be stored in well-ventilated, dry and cool conditions.

High temperature or high humidity may cause deterioration of the battery performance or

surface corrosion.
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b)

c)

d)

e)

7.5
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Battery cartons should not be piled up in several layers (or should not exceed a specified
height).

If too many battery cartons are piled up, batteries in the lowest cartons may be deformed
and electrolyte leakage may occur.

When batteries are stored in warehouses or displayed in retail stores, they should not be
exposed to direct sun rays for a long time or placed in areas where they get wet by rain.

When batteries get wet, their insulation resistance decreases, self-discharge may occur and
rust may be generated.

Do not mix unpacked batteries so as to avoid mechanical damage and/or short circuit among
each other

When mixed together, batteries may be subjected to physical damage or overhefating
resulting from external short circuit. Leakage and/or explosion may then occur, . F0 avoid
these possible hazards, batteries should be kept in their packaging until required'for yse.

Slee Annex A for additional details.

Transportation

When loaded for transportation, battery packages should be so arrafged to minimize th¢ risk
of falling for example one from the top of another. They should not'be stacked so high that
damgge to the lower packages occurs. Protection from inclement weather should be provided.

7.6

a)
b)
c)

d)

a)

b)
c)
d)
e)

Disposal
0 not dismantle batteries.
0 not dispose of batteries in fire except under ¢anditions of controlled incineration.

b local rules to the contrary exist.

here there is provision for the colleetion of used batteries, the following should be

D

D

Primary batteries may be disposed of via the.communal refuse arrangements, provided that
n

W\

cpnsidered:

e[ Store collected batteries in a nen-conductive container.

o| Store collected batteries.in a well-ventilated area. Since some used batteries may still
contain a residual charge, they could be short-circuited, charged or force dischgrged
and thereby evolve hydrogen gas. If collection containers and storage areas arg¢ not
properly ventilated, hydrogen gas can build up and explode in the presence of an igfition
source.

| Do not mix collected batteries with other materials. Since some used batteries may still
contain a.residual charge, they could be short-circuited, charged or force discharged.
The subSeguent possible heat generation can ignite flammable wastes such as oily fags,
paper.or wood and can cause a fire.

o| Consider protecting used battery terminals, particularly those batteries with high volfage,
to,preclude short circuits, charging and force discharging, for instance, by meanps of
bUVGI;Ilg 'uattcly tUIIIIiIIdib Vvit;l illbuidt;llg tapc.

e Failure to observe these recommendations may result in leakage, fire, and/or explosion.

Instructions for use

Always select the correct size and grade of battery most suitable for the intended use.
Information provided with the equipment to assist correct battery selection should be
retained for reference.

Replace all batteries of a set at the same time.

Clean the battery contacts and those of the equipment prior to battery installation.
Ensure that the batteries are installed correctly with regard to polarity (+ and -).

Remove batteries from equipment which is not to be used for an extended period of time.
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f) Remove exhausted batteries promptly.

9 Marking and packaging

9.1

General batteries {seeTable 7}

With the exception of-small-batteries swallowable button cells (see 9.2), each battery shall be

mark

ed with the following information:

a) designation, IEC or common;

b)

c)

O S5 S5 T —HO0

Refe
requi
swall

9.3

Safedf
are p

he year and month or week of manufacture may be in code;
blarity of the positive (+) terminal;

bminal voltage;

ame or trademark of the manufacturer or supplier;

butionary advice.

to Table 7, "General batteries", for an overview of marking-xequirements for ge
ries.

The common designation can be found in Annex D of IEC 60086-2:2015.

Markingof small-batteries (see Table 7) Swallowable button cells

-~ For—these swalloy
htteries, i.e. those that fit entirely within the ingestion gauge (Figure 7) the designatio
and the polarity 9.1 c) shall be marked on the battery. All other required markings s
9.1, except 9.1 f), may be given on the(immediate packaging instead of on the batte

br P-system batteries, 9.1 a) may-be marked on the battery, the sealing tab o
hmediate packaging 9.1 ¢) may bexnarked on the sealing tab and/or on the battery. 9
1 d) and 9.1 e) may be given on the immediate packaging instead of on the battery.

hen batteries are intendedXbr direct sale in consumer-replaceable applications, a ca
r ingestion of swallowable\batteries shall be given. Refer to 7.1 ¢) and Annex D for dg
aution for other risks is\optional.

rements along- with Annex E for child resistant packaging recommendationg
owable button Cells.

Safety pictograms

y pictograms that could be considered for use as an alternative to written cautionary a

niration-of a recommended-usage-period-or vear-and-month-or week of manufacture
Ll ~J Lad J -

nheral

lve—a
able
n 9.1
hown
ry.

r the
1b),

ution
tails.

to Table 7, "swallowable button cells", for an overview of marking and packaging

for

dvice

rovided in Annex C.
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Table 7 — Marking and packaging requirements

Batteries with Small-batteries
Sraabatienies batteries
a)—Designation, IEC or common A A c
Expirati ¢ .
St e e s e e e A B B
in-code
c¢)Polarity of the positive (4} terminal A A D
)y B B
& B B
H— B B2
A
2
C:nf
D:nf
& d
List item General Swallowable button cells
batteries d <16 mm 16 mm < d <20 mm d =20 mm
Electrochemical system P L,S P L,S P y,s
a) [Qesignation, IEC or common B C B C B C B
b) Hxpiration of a recommended usage B
period or year and month or week of
npanufacture. The year and month or
week of manufacture may be in code
c) Holarity of the positive (+) terminat B D B D B D B
d) Nominal voltage B
e) Name or trademark of thenxmanufacturer B
or supplier
f) Qautionary advice B
g) ({aution for ing&stion of swallowable pa pa pa pa pa B2+ p2
batteries, sed¢@tso 7.1 c) and Annex D
h) @hild resistant packaging NR NR NR NR Rab NR Rab
Key
d Biameter
B Marking required on cell/battery
C: Marking required on battery, sealing tab or immediate packaging
D Marking required on sealing tab and/or the battery
P Marking required on immediate packaging
R: Child resistant packaging
NR: Not required

empty cell: Marking may appear on cell/battery and/or immediate packaging

a8 See Foreword for transition period.

b When batteries are intended for direct sale in consumer replaceable applications.
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Annex A
(informative)

Additional information on display and storage

The purpose of this annex is to describe good practices for display and storage (see also 7.4)
in general terms and, more specifically, to warn against procedures known from experience to
be harmful. It takes the form of advice to battery manufacturers, distributors, users, and
equipment designers.

Stors

a)

b)

g)

F

manufacturer.

p

T

B

return to ambient temperature.

transit. Thus, batteries should be stored away from ship engines and not left for long pe]
i unventilated metal box cars (Containers) during summer.

c
sforage areas and displays should be properly designed and packs should be adequ
m

ge and stock rotation

bver exceed +30 °C. Extremes of humidity (over 95 % RH and below 40 % RH
Istained periods should be avoided since they are detrimental to both, batteries

inlight.

mbient temperature. Accelerated warming is harmful.
latteries which have been cold-stored should be put(into use as soon as possible

latteries may be stored fitted in equipment or packages if determined suitable by the ba

he height to which batteries may be stacked is clearly dependent on the strength @

latteries should be dispatched promptly after manufacture and in rotation to distrib
bntres and on to the users. In order that stock rotation (first-in, first-out) can be prac

arked.

br normal storage, the temperature should be between +10 °C and +25 °C 4nd should

) for
and

Ackaging. Batteries should therefore not be stored next to radiators or boilers nor in direct

though the storage life of batteries at room temperature is good{{storage is improved at
wer temperatures provided special precautions are taken.cThe batteries should be
nclosed in special protective packaging (such as sealed plastic bags or variants) which
nould be retained to protect them from condensation during_the time they are warmipg to

after

ttery

f the

ack. As a general guide, this height should not exceed 1,5 m for cardboard packs of 3 m
fqr wooden cases.

he above recommendations are\equally valid for storage conditions during prolonged

riods

ution
ised,
ately
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B.1

B.1.1

In or
batte
imprd
deve
was

gene

The
signi

B.1.2

Poor

of th¢ batteries.

B.1.3
If a b

the fpllowing potential hazards exist:

a) ¢

NOTE

b) g
c) v

d) le

NOTE|

following text and figures are intended to aid the battery-powered.equipment design
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Annex B
(informative)

Battery compartment design guidelines

Background

General

vements to both capacity and rate capability. Resulting from these conti
opments and recognizing the need for both safety and optimum battery perfarmar
established that the majority of reported battery failures resulted from electrical g
rally arising from consumer accidental misuse.

icantly reduce or eliminate such battery failures.

Battery failures resulting from poor battery compartment design

battery compartment design may lead to reversed battery installation or to short-circ

Potential hazards resulting from batteryreversal

attery is reversed in a circuit with three or more batteries in series as shown in Figure

narging of the reversed battery;

1 The charging current is limited by, the external circuit/load.
As generation within the reversed battery;

bnt activation of the reversed battery;

akage of electrolyte ffom the reversed battery.

2 Battery electrolytes are harmful to body tissues.

Reversed battery

IEC

Figure B.1 — Example of series connection with one battery reversed

B.1.4 Potential hazards resulting from a short circuit

a) heat generation resulting from high current flow;

b) gas generation;

c) vent activation;

er to

liting

B.1,
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d)
e)

electrolyte leakage;
heat damage to insulating jackets (e.g. shrinkage).

NOTE Battery electrolytes are harmful to body tissues and generated heat can cause burns.

B.2 General guidance for appliance design

B.2.1 Key battery factors to be first considered

These guidelines are essentially directed toward cylindrical batteries with sizes ranging from

R1 to_R20. The battery systems involved are commonly referred to as alkaline mgnggnggi and
zinc [carbon. Whilst the two systems are interchangeable they should never be use¢d in

combination.

The following physical differences between the two systems and permitted design feafures

should be noted during the early phases of battery compartment design.

a)
b)

c)

d)

The positive terminal of the alkaline manganese battery is connected;to the battery case.
The positive terminal of the zinc carbon battery is insulated from_the-battery case.

Bloth battery types have an outer insulated jacket. This may bg of paper, plastic or pther
npn-conductive material. On occasion, the outer jacket may,be metallic (conductive); in[such
instances this is insulated from the basic unit.

When forming the negative contact it should be notéd that the corresponding b3gttery
tgrminal may be recessed. (For clarification refer to{/EC 60086-1:2015, 4.1.3). To ensure
gpod electrical contact, completely flat negative equipment contacts should be avoideg.

Under no circumstances should battery connectors or any part of the equipment cirguitry
cpme into contact with the battery jacket. Any design of battery compartment permittingd this,
isks the possibility of a short circuit.

-

NoTELFer-example—Conical or helical springs used for negative connection should compress
unifofmly when the battery is insertedvand not bridge across to the battery jacket. (Spring

conngction to the positive terminal of,a battery is not recommended.)

B.2.2 Other important factors to consider

a)

b)
c)
d)

g)

t|is recommended that companies producing battery-powered equipment should maintain
close liaison with the battery industry. The capabilities of existing batteries should be faken
infto account at design inception. Whenever possible, the battery type selected should be
ohe included in IEC 60086-2.

esign compartments so that batteries are easily inserted and do not fall out.

imensions should not be tied to a particular battery manufacturer as this can cfeate
roblems when replacements of different origin are installed. Only consider the battery
dimensions andtoferances defined withim tEC60086-2—when desigmng the battery
compartment. The battery compartment should be designed such that it accommodates the
increase in battery height in accordance with IEC 60086-2:2015, Clause 5, Note.

Clearly indicate the type of battery to use, the correct polarity alignment (+ and -) and
directions for insertion.

D
Design compartments to prevent easy access to the batteries by young children.
D
p

Although batteries are very much improved regarding their resistance to leakage, it can still
occasionally occur. When the battery compartment cannot be completely isolated from the
equipment, it should be positioned so as to minimize possible equipment damage from
battery leakage.

Design equipment circuitry such that equipment will not operate below 0,7 V per battery
(0,7 V x ng where ng is the number of batteries connected in series). To continue discharging

below this level may result in unfavourable chemical reactions within the battery/batteries
resulting in leakage.
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Specific measures against reversed installation

B.3.1 General

To overcome the problems associated with the reversed placement of a battery, consideration
should be given at the design stage to ensure that batteries cannot be installed incorrectly or,

if so

installed, will not make electrical contact.

B.3.2 Design of the positive contact

Some suggestions for the R03, R1, R6, R14 and R20 size battery compartments are illustrated

in Figure B.2 and Figure B.3 below. Provision should also be made to prevent unnece
movgment of batteries within the battery compartment. Battery contacts should be shield

prev{nt contact during reverse installation.

>
/ ( :), H//,\ﬂ E

N
‘ —\\\r") ) Insulated.ribs Hold the negative
\/\ / terminal @way from contact

IEC

a) Correct insertion of the battery b) Incorrectiinsertion of the battery
Figure B.2 — Positive contact.recessed between ribs

_~

~

S\

- B -~ N [
P D\ i\

N'C ) Negative terminal contacts
.'\\\ \ //
-2 , "/

/
\\ only the insulated surround

B IEC

a) Correct insertiontof the battery b) Incorrect insertion of the battery

Figure B'3)- Positive contact recessed within surrounding insulation

ssary
ed to

B.3.3 Desigh of the negative contact
The following suggestion is given for R03, R1, R6, R14 and R20 size battery compartments
g sugg g Yy p
(see [Figlre B.4).
/‘ N
(< Positive terminal does not
\@. \ contact U shaped negative
- contact but only insulated
IEC centre IEC
a) Correct insertion of the battery b) Incorrect insertion of the battery

Figure B.4 — Negative contact U-shaped to ensure no positive (+) battery contact
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B.3.4 Design with respect to battery orientation

In order to avoid reverse insertion of batteries, it is recommended that all batteries have the
same orientation. Examples are shown in Figure B.5 a) and Figure B.5 b).

Figure B.5 a) shows the preferred battery arrangement inside a device while Figure B.5 b)
shows an alternative recommendation.

P O
SRl
o

IEC

b) Alternativerecommendation for battery orientation

NOTE|1 In Figure B.5 a), protection of-the positive contact in a is as shown in Figure B.2 and Figure B.3.

NOTE[ 2 In Figure B.5 b), protection of the contacts is in Figure B.2 or Figure B.3 for the positive and Figufe B.4
for thd negative contact.

NOTE}2 3 The arrangement in Figure B.5 b) is only considered practical for R14 and R20 size batteries due|to the
small hegative terminal area (dimension C of the relevant specification) of the other sizes.

Figure B.5 — Design with respect to battery orientation

B.3.5 Dimensional considerations

Table BT provides critical dimensional detalls relating to the battery terminals and the
recommended dimensions for the devices positive contact. By making reference to Figure B.6,
and designing in accordance with the dimensions shown in Table B.1, subsequent reversal of
a battery, such that its negative terminal is presented to the devices positive contact, will result
in a "fail safe" situation, i.e. there will be no electrical contact.
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Table B.1 — Dimensions of battery terminals and recommended dimensions
of the positive contact of an appliance in Figure B.6

Dimensions in millimetres

Relevant dry batteries Dimension of the Dimension of the positive | Recommended dimensions
negative battery battery terminal of the positive contact of
terminal an appliance in Figure B.6
516a d3a h3a X Y
minimum maximum minimum

R20, LR20 18,0 9,5 1,5 9,6 to 11,0 0,5to0 1,4

RT4, LRTH 13,0 7,5 T,5 7,6 10 9,0 U51i01,4

R6, LR6 7,0 5,5 1,0 5,6 to 6,8 0,4 t00,9

R03, LR0O3 4,3 3,8 0,8 3,9t04,2 0,4 to 0,7

R1, LR1 5,0 4,0 0,5 4,1 to 4¢9 0,1to|0,4

Refer to IEC 60086-2.
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|

A
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A
Y

A(}

Y

Insulator | N

Insulator | ( Zi SSE /| /( Y
Z 7y A
% S = -
(W 5 |
L Y
BN ! i
(D) ‘ Positive contact
! of an appliance
\./ Positive contact ‘
‘ of an appliance ‘
‘ | Negative contact
' Negative contact ofan appliance
of an appliance
IEC
IEC
a) Correct insertion b) Incorrect insertion
Key
dg minimum outer diameter of the negative flat contact surface
d; miximum diameter of the positive contact within the specified projection height
hy minimum projection of the flat pesitive contact

X dipmeter of the recessed hole as a positive contact with the positive battery terminal. X should be bigger than d,
t smaller than dg.

~
o o

epth of the recessed hole as a positive contact with the positive battery terminal. ¥ should be smaller thpn 7.

NOTE| Positive contaet of an appliance is recessed within the surrounding insulation.

Figure B.6 — Example of the design of a positive contact of an appliance

The diameter of the recessed hole is larger than the diameter (d3) of the positive battery terminal
but is smaller than the diameter (dg) of the negative battery terminal. The insertion of the battery

in Figure B.6 a) is correct. In Figure B.6 b) the reverse insertion of the battery is shown; in this
instance the negative terminal of the battery only contacts the surrounding insulation thereby
preventing electrical contact.

B.4 Specific measures to prevent short-circuiting of batteries

B.4.1 Measures to prevent short-circuiting due to battery jacket damage

In alkaline manganese batteries, the steel case, which is covered by an insulating jacket
(see B.2.1 c)), has the same voltage as the positive terminal. Should the insulating jacket be
cut or pierced by any conductive circuitry within an appliance, a short circuit may occur as
shown in Figure B.7. (It should be noted that the damage described above can be aggravated
if the appliance is subjected to physical abuse, e.g. abnormal vibration, dropping;—ete).
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Short circuit

IEC

NOTE 1 The potential hazards resulting from a short circuit are defined in B.1.3.

NOTE2—Ahistthe r\vnmplr\ shownin I:igurn B 7 r\r\mmr\nly ralatastoalkaling Mahganese: InaHr\ry oyo}nw

batterfe

Preve

s addressed in this annex are interchangeable (see B.2.1).

Figure B.7 — Example of a short circuit where a switch is piercing
the battery insulating jacket

ntion: insulating material positioned as shown in Figure B.8 prevents'the switch

damaging the battery jacket.

It is glso essential that no part of the equipment or equipment circuitry, including rivets or sg

Insulator

_/ IEC

Figure B.8 — Typical example ‘of insulation to prevent short circuit

used|to secure the battery contacts(etc. is allowed to contact the battery case/ or jacket.

B.4.2

Placg¢

Measures to prevent.external short circuit of a battery caused when coiled
spring contacts are'employed for battery connection

ment of a battery~(positive (+) end foremost) as shown in Figure B.9 may res

s, the

from

rews,

ult in

distortion of the negative () spring contact and subsequent cutting and piercing of the battery
insulating jacket wthen a battery is inserted against the spring as shown in Figure B.10.

— J @1
©) e

IEC

Figure B.9 — Insertion against spring (to be avoided)
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IEC IEC

a) Spring slides underneath the jacket and b) Jacket is punctured

Prev

that the design of the battery compartment allows the battery, when correctly insented (neg

term

The

the centre of the coil so that no sharp edges are presented to the battery jacket.

The

presgure should be sufficient toensure that the batteries make and maintain good elec
contact at all times. Howevep;the spring contact pressure should not be so great as to pre

easy
pierc

This

Tabl¢ B.2 contains details on the recommended diameters of the spring wire.

Spring.coilcontacts should only contact the negative terminals of cylindrical batteries.

contacts the metal can

':igIII:O B.10 Examp|°s ShOlAlng distorted sp:ings
bntion: in order to eliminate the possible incidents shown in Figure B.10, it is recomme

Insulated guide

O W ®@g

Figure B.11 — Example ofprotected insertion

end of the spring coil i.e. that part in_final contact with the battery should be bent tg

Epring wire should be of sufficient diameter as specified in Table B.2. The spring co

battery insertion and. removal. Excessive spring contact pressure can cause cutti
ng of the insulating‘jacket or contact deformation.

can lead to a,short circuit and/or leakage.

nded
ative

nal first), to evenly compress the coil spring as shown in Figure B.11. The-insulated guide
abovg the negative (—) connections in Figure B.11 ensures this.

ward

ntact
trical
clude
hg or

Table B.2 — Minimum wire diameters

Dimensions in millimetres

Battery type Minimum wire diameter
R20 LR20 0,8
R14 LR14 0,8
R6 LR6 0,4
RO3 LRO3 0,4
R1 LR1 0,4
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B.5 Special considerations regarding recessed negative contacts

IEC 60086-2 specifies the maximum recess of the negative battery terminal from the external
jacket. Many R20, LR20, R14 and LR14 batteries have a recessed negative terminal. Some
batteries are provided with projections of insulating resin on the negative terminal in order to
prevent electrical contact if the battery is reversed.

NoTEIt is imperative that the above shapes and dimensions of negative battery terminals are
taken into account during the early stage of the design of the negative contact of an appliance.
Specific precautions of three (3) kinds of contacts which are generally used are described in
the following

a) When a spring coil is used as the negative contact of an appliance: the diameter_of the coil
which interfaces with the battery should be smaller than dg, where dg is the externaldiameter
the contact surface of the negative battery terminal.
b) Where a sheet metal is cut and formed to make a negative contact (seefFigure B.12)|, it is
ssential that the dimensions 7,4 and dg, as defined in Table B.3, are noted and acted ypon.

o]
W\
e
Als shown in Figure B.12 a projection/ or pip should be providedoThis projection/ gr pip
should be of sufficient depth to overcome any recess in the battery terminal (dimension /).
F
W\
S

pilure to follow this advice may result in loss of battery contact:

here it is proposed to employ a flat metal plate as the negative contact of an appliance, it
essential that one or more "pips" or projection(s) are proVided to ensure battery contact.
The projection(s) should be of sufficient depth to govéncome any recess in the nedative
tgrminal of the battery (dimension #,) and be plagced within the confines of the battery

tgrminal contact area (dimension dg).

A
A
\
A

N
) . N |

o™ we T

M &

IEC IEC

a) Spring coil b) Plate spring contact

Figure B.12 — Example of negative contacts
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Table B.3 — Dimensions of the negative battery terminal

Dimensions in millimetres

Battery type Maximum recessed dimension of External diameter of the contact
negative battery terminal h4a surface of negative battery terminal dﬁa
R20, LR20 1,0 18,0
R14, LR14 0,9 13,0
R6, LR6 0,5 7,0
R03, LR0O3 0,5 4,3
R1, IR1 0,2 5,0

a

Refer to IEC 60086-2.

It should be stressed that battery compartment dimensions should not be tied to dimengions

and

different origin are installed.

For

reference should be made to Figure 1a and Figure 1b of IEC. 60086-2:2015 and the rel
battery specifications contained in IEC 60086-2.

B.6 | Waterproof and non-vented devices

Itis

olerances of a particular manufacturer as this can create problems’.if replacemer]ts of

limensional details, particularly those related to the positive and negative termlnals,
vant

important that hydrogen gas generated in the ‘batteries is either removed by recombinjation

reaction or allowed to escape; otherwise a spark*could ignite the entrapped hydrogen/ ard air
mixtdre resulting in an explosion of the device." The advice of the battery manufacturer should

be squght at the design stage of such applications. (See added statement in 7.1 n))

B.7 | Other design considerations

a)

d)

e)

Only the battery terminals’ should physically contact the electric circuit. Bagttery
compartments should be\electrically insulated from the electric circuit and positioned $o as
tg minimize possible damage and/or risk of injury resulting from battery leakage.

Much equipment (is)*designed to operate with alternative power supplies (e.g. mains,
afditional batteries—ete:) and this is particularly relevant to primary battery memory lback-
up applications»In these situations, the circuitry of the equipment should be so designed to
elther

1

2

prevent'charging of the primary battery, or

ihclude primary battery protective devices, for example a diode, such that the reyerse
charging current from the protective device(s) to which the primary battery would be
subjected does not exceed that recommended by the battery manufacturer.

Any intended protective device circuit should be selected so as to be appropriate to the type
and electrochemical system of the primary battery concerned and preferably not subject to
single component failure. It is recommended that equipment designers obtain advice from
the battery manufacturer concerning the primary battery memory back-up protection device
circuit.

Failure to observe these precautions may lead to short service life, leakage or explosion.

Positive (+) and negative (-) battery contacts should be visibly different in form to avoid
confusion when inserting batteries.

Select terminal contact materials with the lowest electrical resistance and compatible with
battery contacts.

Battery compartments should be non-conductive, heat resistant, non-flammable and have
good heat radiation. They should not deform when a battery is inserted.
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f) Equipment designed to be powered by air-depolarized batteries of either the A or P system
should provide for adequate air access. For the A system, the battery should preferably be
in an upright position during normal operation.

g) Battery compartments with parallel connections are not permissible, unless it can be clearly
demonstrated that the reversal of one or more batteries does not affect safety.

h) Series connection of batteries with multiple voltage outputs as shown in Figure B.13 is not
recommended since a discharged section may be driven into reverse voltage.

EXAMPLE In Figure B.13, two batteries are discharging through resistor R1; if, following their discharge, the switch
is positioned toward the R3 circuit, forced discharging of the former two batteries-may can occur.

(® OH® Oll® OH® ON® Ol® O]

R1

A { } R2

it R3

IEC
Figure B.13 — Example of series connection of batteries with voltage tapping

Potential hazards arising from forced discharging (driving intovreverse voltage) are:

1) gps generation within the forced discharged battery/batteries;
2) vent activation;

3) electrolyte leakage.

NOTE]| Battery electrolytes are harmful to body tissues:
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Annex C
(informative)

Safety pictograms

C.1 General

Cautionary advice to fulfil the marking requirements in this document has, on a historical basis,
been in the form of written text. In recent years, there has been a growing trend toward the use

f tacrama—aa—a-—coraolamantaris rallaraaotiv o oo oo no f oradiuct cofatvy oomana i niaat o
(0] p'( oygTrartsS—aS o COUTITPTCTITCTItary - O artcratav e TocartsS O prodat T Sarcty SO o moatroT

The ¢bjectives of this annex are: (1) to establish uniform pictogram recommendatiaps thdt are
tied to long-used and specific written text, (2) to minimize the proliferation of saféty pictogram
designs, and (3) to lay the foundation for the use of safety pictograms instead of written text to
communicate product safety and cautionary statements.

C.2 | Pictograms
The pictogram recommendations and cautionary advice are given,in Table C.1.

Table C.1 — Safety pictograms

Refelrence Pictogram Cautionary advice
X
II-\ ;\\§\ DO NOT CHARGE
N\ Z
T
IEC
Ne
B . DO NOT DEFORM /OR DAMAGE
Q' IEC
D
C O< DO NOT DISPOSE OF IN FIRE
N .
N g
IEC
D DO NOT INSERT INCORRECTLY



https://iecnorm.com/api/?name=098266907d65e48fae194811d5901dba

— 38 —

IEC 60086-5:2021 RLV © IEC 2021

Reference

Pictogram

Cautionary advice

E

KEEP OUT OF REACH OF CHILDREN

NOTE 1 See 7.1 c) for critical safety
information.

NOTE 2 The pictogram "KEEP OUT OF
REACH OF CHILDREN" was standardized
in ISO 7010:2019/AMD 2:2020 under the
reference M055 [7]. The blue colour and the
arrow of the ISO safety sign are not
required.

IEC S\\}

A

D@ NOT MIX DIFFERENT TYPES OR
BRANDS

()

DO NOT MIX NEW AND USED

DO NOT OPEN /OR DISMANTLE

DO NOT SHORT CIRCUIT
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INSERT CORRECTLY

C.3 | Recommendations for use

The following recommendations are provided for use of the pictograms.

a)
b)

ctograms should be clearly legible.

P

Whilst colours can be used, they should not detract from the information“displayed. If colours
afe used, the background of pictograms E and J should be blue andithe circle and diagonal
bhar of the other pictograms should be red.

N

ot all of the pictograms need to be used together for a particular type or brand of baftery.
n particular, pictograms D and J are meant as alternatives/for a similar purpose.

c)
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Annex D
(informative)

Use of the KEEP OUT OF REACH OF CHILDREN safety sign

General

2021

Accidental ingestion of button cells has become an object of public concern. If a button cell gets
stuck in the oesophagus, electrolysis of water and the generation of hydroxide ions may occur.

Thes

laood o _obanaiaaol beoo

and

serio

The

butto
in co
mangd

D.2

bosdean il lonaforoa o otea oo Slleolin o ool bio s aabiob oo o baomiaal b
MTyUTUATOC TUTTS TOUTTTT O Ot Uy araiic SUTOOOUTT wWitnor ot roaud U o Tioar OOty

s injury.
\%

hew safety sign KEEP OUT OF REACH OF CHILDREN shown in Table C.1Nrequirg
n cells with a diameter equal to or greater than 16 mm which are intend r direct
hsumer replaceable applications) should give parents who have childre eads-up|
atory action sign even if the intended product is safe in the usual serlﬁ}’for adults.

Q9
. Q
Safety sign @Q

When a safety sign is used to convey the message that thes @a lowable button cells (i.e

fitin
best
pack

D.3

Pack
be m
of su

a) R
b) T

d)

o= -

he ingestion gauge, see Figure 7) should be kept out ofkthe reach of children, the follig
bractices apply. The safety sign recommendation a d@autionary advice for use on b4
hging are given in Table C.1, safety pictogram EQ

N\
Best practices for marking the pac@ing

ch cells. K\

O
efer to Table 7 for marking(é&uirements on packaging.

he safety sign should b &hcéontrasting background. The background should cover at
D % of the area of the pietogram.

he size of the saf@&sién should be 6 mm in diameter or larger.

the text “KEEf) UT OF REACH OF CHILDREN" is used, it should contrast wit
hckground ur on which it is printed.

Q&
C)éo
N

d for
sale
as a

. can
wing
ttery

i risk

7
hging of swallowable button cells (i.e. gg\ fit in the ingestion gauge, see Figure 7) should
arked with the safety pictogram E, ble C.1 to alert the purchaser of the increase

least

h the



https://iecnorm.com/api/?name=098266907d65e48fae194811d5901dba

IEC 60086-5:2021 RLV © IEC 2021 - 41 -

Annex E
(informative)

Child resistant packaging

E.1 General
E.1.1 General
Accidental ingncfinn of button cells has hecaome an nhjnnf of lr_\nhlin concern-\When a button cell
gets ptuck in the oesophagus, its voltage causes the electrolysis of water and the gene{@ion of
hydrgxide ions. These hydroxide ions form a strong alkaline solution and can causQ~ emical
burng, perforation of soft tissue, and in severe cases can cause death. N
This [annex provides an approach for childproof packaging of button cells iﬁ&der to help in
preventing their accidental ingestion. .
%/
E.1.4  Applicability QQ(b
The following recommendations apply to consumer type button @I as specified in Table|7.
&
E.1.3 Packaging design 6\
E.1.d1  Single cell packaging Q<<
The packaging for button cells should meet one c@he following:
a) ppckaging strength as described in E.1.3, r
b) ppckaging requirements based on Igsa\f legislation or standardization [8], [9], [1Q], if
applicable. Q@
\)
E.1.3.2 Multi-cell packaging \Q
Each|cell containment in a mu @‘& packaging should meet the above requirements even fwhen
another cell containment is femoved from the packaging.
E.1.3.3 Packagin@ength
The packaging strength should be such that the packaging passes the tests describgd in
Clausge E.2. Q‘
E.2 P@%aging tests
N
E.21 General

The following test methods were developed based on the analysis of the behaviour of children
in a test where they were required to try and open button cell packaging within a limited time.
The tests should be conducted by an instructed person or, alternatively, if necessary, using
suitable equipment.

E.2.2 Test items

a) B

ending test

Hold the packaging with one hand close to one of its short sides and hold the cell with the
other hand. Bend the packaging until one hand touches the other hand as shown in

F

igure E.1. This is a guide for the bending angle: 150° or more.
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¢ 150°

IEC

Figure E.1 — Bending test

3

b) Tprsion test

Fpllowing is an explanation of how and how many times to twist the packaging a@M which

ofder to proceed. (1/'\

@) First time — Hold the packaging with the fingers of one hand on each Qlﬁb shorter gides
from the state of 0° (neutral state without torsion). Twist it diagonall;(,}g' a torsion angle
of 45° in opposite directions as shown in Figure E.2. %'

@ Second time — Twist it diagonally 90° (45° back + 45° opp%ﬁ&direction) in opplosite
directions to the direction twisted the first time. %)

@ Third time — Return to neutral state without torsion (452 k).

@ Movements O, @ and @ are counted as one time (@éreciprocation) and are repgated

25 times (25 reciprocations). <<

Fjgure E.2 shows the movements of the torsionQ@ The red and blue lines represernt the
e

Idft and right edge of the packaging. The trian%
the orientation during movements. g\Q

and circles were added to keep track of

Hold|the packaging

Left

\4
Perspective view\\,Q

(4) Repeat processes (1) through (3) 25 times

View from right side

Before After (1) After (2) After (3)
N 7 N
A/ \
— e val
A (] (o) A

c) Tearing test

IEC

Figure E.2 — Torsion test

Try to tear the cell compartment with your hands as shown in Figure E.3. Alternatively use
suitable equipment and apply a force of at least 25 N.
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IEC

Figure E.3 — Tearing test

d) Pushing test
Tty to push the cell out of the compartment with your hands. Alternatively pull with~A
of at least 5 kg for 30 s, as shown in Figure E.4. Q}/
N
>
50.
Q @) IEC
Figure E.4 - Pusl('@gtest
A\
QO
E.2.3 Test procedure o

The
serie

5 of tests in the order and frequen tlined in Table E.1.
Q\
T\Qe E.1 — Test procedure

est procedure is conducted with ten §§ple packagings. Each sample is subjected

nass

to a

Ordé\“) Test item Number of
. times
4 1) a) Bending test 50
N
C) (2) b) Torsion test 25
@. (3) c) Tearing test 1
Q‘ (4) b) Torsion test 25
%O (5) a) Bending test 50
Q/O (6) c) Tearing test 1
\ ) & Pushingtest 4

E.2.4 Criteria

Each

test sample should meet the following criteria.

a) each cell should be kept in its packaging until the end of the test series, and

b) in order to prevent a child from pulling the cell out from its compartment, the packaging
should not open too wide. The maximum allowable size of an opening in the packaging is
6 mm diameter for a round hole and 10 mm length for a slit. See Figure E.5 for maximum
packaging openings.
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INTERNATIONAL ELECTROTECHNICAL COMMISSION

PRIMARY BATTERIES -
Part 5: Safety of batteries with aqueous electrolyte

FOREWORD

International Electrotechnical Commission (IEC) is a worldwide organization for standardization, comyj
alllnational electrotechnical committees (IEC National Committees). The object of IEC is to promote’jnterna
coloperation on all questions concerning standardization in the electrical and electronic fields. yTo this er]
in pddition to other activities, IEC publishes International Standards, Technical Specifications, Technical Rq
Publicly Available Specifications (PAS) and Guides (hereafter referred to as “IEC Publication(s)”).

rising
tional
d and
ports,
Their

préparation is entrusted to technical committees; any IEC National Committee interested in the subject dedlt with

may participate in this preparatory work. International, governmental and non-governmental organizations |
with the IEC also participate in this preparation. IEC collaborates closely with the Interhational Organizat
Standardization (ISO) in accordance with conditions determined by agreement betwgen the two organizati

Thie formal decisions or agreements of IEC on technical matters express, as nearly as possible, an interng
copsensus of opinion on the relevant subjects since each technical commitiee has representation fr
interested IEC National Committees.

IEC Publications have the form of recommendations for international\use and are accepted by IEC N
Cdmmittees in that sense. While all reasonable efforts are made to’ensure that the technical content

Publications is accurate, IEC cannot be held responsible for the“way in which they are used or fq
miginterpretation by any end user.

In|order to promote international uniformity, IEC Nationak Committees undertake to apply IEC Publid
trgnsparently to the maximum extent possible in their national and regional publications. Any divergence be
anl IEC Publication and the corresponding national or regional publication shall be clearly indicated in the

IEC itself does not provide any attestation of conformity. Independent certification bodies provide conf|
aspessment services and, in some areas, access t0 IEC marks of conformity. IEC is not responsible f
sefvices carried out by independent certificationbodies.

Alllusers should ensure that they have the latést edition of this publication.

Nd liability shall attach to IEC or its directors, employees, servants or agents including individual exper
megmbers of its technical committees and’|IEC National Committees for any personal injury, property dam
othher damage of any nature whatsoever, whether direct or indirect, or for costs (including legal feeg
expenses arising out of the publication, use of, or reliance upon, this IEC Publication or any othg
Pyblications.

At{ention is drawn to the Normative references cited in this publication. Use of the referenced publicati
indispensable for the cortect application of this publication.

At{ention is drawn to(the possibility that some of the elements of this IEC Publication may be the subject of
rights. IEC shall nét be held responsible for identifying any or all such patent rights.
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IEC 60086-5/ds been prepared by IEC technical committee 35: Primary cells and batteries. It

is an|International Standard.

This [fifth” edition cancels and replaces the fourth edition published in 2016. This e

dition

constitutes a technical revision.

This edition includes the following significant technical changes with respect to the previous
edition:

a) revised information for safety dealing with keeping batteries out of the reach of children;

b)
c)
d)
e)
f)

removal of the method to determine the insulation resistance;
changes to the test matrix;

revision of the over-discharge test;

revised definition and note for "button cell" or "button battery" in 3.2;

revised method for evaluation of an explosion, moved from 3.6 to 6.2.1.
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The text of this International Standard is based on the following documents:

FDIS Report on voting
35/1471/FDIS 35/1472/RVD

2021

Full information on the voting for its approval can be found in the report on voting indicated in
the above table.

The language used for the development of this International Standard is English.

This
acco
at w
desc

A list

The
stabi
spec

e rgconfirmed,
e withdrawn,

e re¢placed by a revised edition, or

e a

NOTE|
organ
which
revise

Itis th

not edrlier than 2 years from the date @f publication. The transitional period applies specifically to Table 7.

dance with ISO/IEC Directives, Part 1 and ISO/IEC Directives, IEC Supplement, aya

ibed in greater detail at www.iec.ch/standardsdev/publications.

ity date indicated on the IEC website under webstore.ie¢ch’in the data related t
fic document. At this date, the document will be

mended.

zations may need a transitional period followihg publication of a new, amended or revised IEC docuni
to make products in accordance with the.'néw requirements and to equip themselves for conducting 1
[ tests.

e recommendation of the committee that the content of this document be adopted for implementation nat

document was drafted in accordance with ISO/IEC Directives, Part 2, and developgd in

lable

vw.iec.ch/members_experts/refdocs. The main document types developed by IEC are

of all parts in the IEC 60086 series, published under the general titlesPrimary battg¢ries,
can he found on the IEC website.

ommittee has decided that the contents of this document will;remain unchanged untjil the

b the

The attention of National Committees is drawn to the fact that equipment manufacturers and festing

ent in
ew or

onally

IMP
con
con

ORTANT - The"colour inside" logo on the cover page of this document indicates th
tains colours, which are considered to be useful for the correct understanding o
ents. Users should therefore print this document using a colour printer.

at it
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INTRODUCTION

The concept of safety is closely related to safeguarding the integrity of people and property.
This part of IEC 60086 specifies tests and requirements for primary batteries with aqueous
electrolyte and has been prepared in accordance with ISO/IEC guidelines, taking into account
all relevant national and international standards which apply. Also included in this document is
guidance for appliance designers with respect to battery compartments and information
regarding packaging, handling, warehousing and transportation.

Safety is a balance between freedom from risks of harm and other demands to be met by the
prodt i
only pe relatively safe. In this respect, decision-making is based on risk evaluation and\s
judgement.

As s3fety will pose different problems, it is impossible to provide a set of precisg’provisions and
recommendations that will apply in every case. However, this document, whep' followed|on a
judiclous "use when applicable" basis, will provide reasonably consistent standards for sdfety.
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PRIMARY BATTERIES -

Part 5: Safety of batteries with aqueous electrolyte

Scope

This part of IEC 60086 specifies tests and requirements for primary batteries with aqueous

elec

2

The

Normative references

tfolyte to ensure their safe operation under intended use and reasonably foreseg¢able
misuge.

following documents are referred to in the text in such a way that some or’all of their coptent

constitutes requirements of this document. For dated references, only the-edition cited applies.

For

amendments) applies.

IEC

IEC

3

For

ISO

addr

3.1
batt
one

markjngs and_protective devices etc., as necessary for use

[SO

3.2

undated references, the latest edition of the referenced cdecument (including

©0086-1:2015, Primary batteries — Part 1: General

©0086-2:2015, Primary batteries — Part 2: Physicaland electrical specifications

Terms and definitions
the purposes of this document, the following terms and definitions apply.

Ind IEC maintain terminologicaldatabases for use in standardization at the folld
sses:

EC Electropedia: available~at http://www.electropedia.org/

$0 Online browsing platform: available at http://www.iso.org/obp

qry
or more cells_ electrically connected by permanent means, fitted in a case, with term

button cell

button battery
small round cell or battery where the overall height is less than the diameter, containing
aqueous electrolyte

Note

1 to entry: See coin (cell or battery), lithium button (cell or battery) in IEC 60086-1 and IEC 60086-2.

URCE:IEC 60050-482:2004, 482-01-04 [1], modified — The definition has been revisgd.

any

wing

nals,

[SOURCE: IEC 60050-482:2004, 482-02-40, modified — The second term "coin cell" has been
deleted, the definition has been revised and the note has been replaced with a new note.]
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3.3

cell

basic functional unit, consisting of an assembly of electrodes, electrolyte, container, terminals
and usually separators, that is a source of electric energy obtained by direct conversion of
chemical energy

[SOURCE: IEC 60050-482:2004, 482-01-01, modified — The note has been deleted.]

3.4
component cell
cell contained in a battery

3.5
cylindrical battery
cyIinrkrical cell

round cell or battery with a cylindrical shape in which the overall height is equal to or grpater
than the diameter

[SOYRCE: IEC 60050-482:2004, 482-02-39, modified — In the definition, "cell" has |pbeen
replaiced by "round cell or battery".]

3.6
intennded use
use in accordance with information provided with a produet or system, or, in the absenfe of
such|information, by generally understood patterns ofdisage

[SOURCE: ISO/IEC Guide 51:2014, 3.6 [2]]

3.7
nominal voltage
Un
<of g primary battery> suitable approximate value of the voltage used to designate or identify
a cel|, a battery or an electrochemical system

[SOYRCE: IEC 60050-482:2004, 482-03-31, modified — The domain and symbol have peen
addef.]

3.8
primEry cell

primpry battery

cell gr battery that is not designed to be electrically recharged

3.9
prismatic-eeH

prismatic battery

cell or battery having the shape of a parallelepiped whose faces are rectangular

[SOURCE: IEC 60050-482:2004, 482-02-38, modified — "cell" and "battery" have been added
to the term and "qualifies a" has been deleted.]

3.10

protective device

device such as fuse, diode or other electric or electronic current limiter designed to interrupt
the current flow in an electrical circuit
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3.11

reasonably foreseeable misuse

use of a product or system in a way not intended by the supplier, but which can result from
readily predictable human behaviour

[SOURCE: ISO/IEC Guide 51:2014, 3.7, modified — The notes have been deleted.]

3.12

round cell

round battery

cell or battery with circular cross section

3.13
safetly
freedom from risk which is not tolerable

[SOYRCE: ISO/IEC Guide 51:2014, 3.14]

3.14
undischarged
state|of a primary cell or battery at 0 % depth of discharge

4 Requirements for safety

4.1 Design
411 General

Battdries shall be so designed that they doonot present a safety hazard under conditiops of
normfal (intended) use.

4.1.2 Venting

All batteries shall incorporate.a‘pressure relief feature or shall be so constructed that thely will
relieye excessive internal pressure at a value and rate which will preclude explosign. If
encapsulation is necessary to support cells within an outer case, the type of encapsulant and
the method of encapsulation shall not cause the battery to overheat during normal operation
nor inhibit the operation’ of the pressure relief feature.

The battery case-material and/or its final assembly shall be so designed that, in the evgnt of
one ¢r more cells venting, the battery case does not present a hazard in its own right.

4.2 | Quality plan

The manufacturer shall prepare and implement a quality plan defining the procedures for the
inspection of materials, components, cells and batteries during the course of manufacture, to
be applied to the total process of producing a specific type of battery. Manufacturers should
understand their process capabilities and should institute the necessary process controls as
they relate to product safety.

5 Sampling

5.1 General

Samples should be drawn from production lots in accordance with accepted statistical methods
and shall meet the requirements specified for dimensions and open circuit voltage set forth in
IEC 60086-2. Samples failing to meet these requirements shall be discarded and new samples
selected.
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5.2

- 11 -

Sampling for type testing

The number of samples drawn for type testing is given in Figure 1.

Open circuit voltage (n = 70)
Dimensions (n = 70)

Intended use

3y

Patftial
uge

(n$9)

B-1
Transportation-
shock
(n=3)

B-2

Transportation-

vibration
(n=29)

A
Climatic

(n=5)

Reasonanly
foreseeable
misuse

D
Incorrect
installation
see NOTE 1
(n =20)

E
External
short
circuit
(n=35)

F
Over-
discharge
see NOTE 2
(n =20)

Freg
fall

NOTE
NOTE

1 Four batteries connected in series with one of the four batteries reversed (5 sets).

2 Four batteries connected in series, one of which is disCharged (5 sets).

Figure 1 — Sampling for tests and number of batteries required

Validity of testing
or batteries with aqueous electrolyte shall be subjected to the tests, as required ir
5ting is required when:

battery specification changes by more than 0,1 g or 20 % mass, whichever is greate
e cathode, anode or eleetrolyte;

battery specification,change would lead to a failure of any of the tests;

ere is an addition-of new tests or requirements; or

ere is a requirement change that would lead to a failure of any of the tests.

[esting.and requirements

6.1

Géneral

6.1.1

Applicable safety tests

IEC

this

ment. Testing remains valid until'a*'design change or requirement revision has been made.

r, for

Applicable safety tests are shown in Table 1. The tests described in Table 2 and Table 6 are
intended to simulate conditions which the battery is likely to encounter during intended use and
reasonably foreseeable misuse.
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Table 1 — Test matrix

Nominal Applicable tests
System Negative Electrolyte Positive voltage E
letter electrode y electrode per cell If_’ A g'; c D E F G
v -
No letter | Zinc (Zn) | Ammonium | Manganese 1,5 R X X X X X X X
chloride, dioxide
Zinc (MnO,)) B NR
chloride Pr X X X X X X X
X X X NR X NR X
A Zinc (Zn) | Ammonium Oxygen T2 R X X X NR X X X
chloride, (O,)
Zinc NR
chloride Pr X X X X % X X
M X X X NR x X X
i Zinc (Zn) | Alkali metal | Manganese 1,5 R X X X X X X X
hydroxide dioxide
(MnO,) B X X X NR X NR X
Pr X X X X X X X
X X X NR X NR X
A Zinc (Zn) | Alkali metal | Oxygen air | 1,4 0r 1,45 | R NR
hydroxide (0,)
NR | NR | NR | NR | NR | NR || NR
Pt X X X X X X X
NR
S Zinc (Zn) | Alkali metal Silver 1,55 R X X X NR X NR X
hydroxide oxide
(Ag,0) B X X X NR X NR X
Pr X X X X X X X
M NR
Test [description: Key
A: storage after partial use R:  cylindrical (3.5) X: Required
B-1: | transportation-shock B: button (3.2) NR: Not required
B-2: | transportation-vibration Pr: prismatic single cell (3.11)
C: climatic-temperature cycling M:  multicell
D: incorrect installation
E: external short cireuit
F: overdischarge
G: free fall
If nedessary, follow the discharge conditions of the IEC 60086-2 service output test. Systems L and S button|cells
or bafteries-under 3,5 g are exempt from any testing.

6.1.2 Cautionary notice

WARNING - The tests in this document call for the use of procedures which can result
in injury if adequate precautions are not taken.

It has been assumed in the drafting of these tests that their execution is undertaken by
appropriately qualified and experienced technicians using adequate protection.

6.1.3 Ambient temperature

Unless otherwise specified, these tests shall be carried out at an ambient temperature of
20 °C =5 °C.
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6.2

6.2.1 Explosion

- 13—

Evaluation of test criteria

An explosion is considered to have occurred when there is an instantaneous release wherein
solid matter from any part of the battery is propelled to a distance greater than 25 cm away

from the battery.

6.2.2 Fire

A fire is considered to have occurred if flames are emitted from a test cell or battery.

6.2.3 Leakage

Leakpge is considered to have occurred if there is an unplanned escape of electrolyte fr

cell gr battery.

6.2.4 Venting

Venting is considered to have occurred if there is a release of excessjvejnternal pressure
or battery in a manner intended by design to preclude explosion:

a cel

6.3 Intended use

6.3.1

Table 2 — Intended use tests-and requirements

Intended use tests and requirements

from

Test

Intended use simulation

Requirements

Electrical test A Storage after partial use No leakage (NL)
No fire (NF)
No explosion (NE)
Envirpnmental tests B-1 | Transpartation-shock No leakage (NL)
No fire (NF)
No explosion (NE)
B-2. {Tyransportation-vibration No leakage (NL)
No fire (NF)
No explosion (NE)
Climgtic-temperature C Climatic-temperature cycling No fire (NF)

No explosion (NE)

6.3.2 Intended use test procedures
6.3.2.1 Test A — Storage after partial use
a) Purpose

This test simulates the situation when an appliance is switched off and the installed batteries
are partly discharged. These batteries may be left in the appliance for a long time or they

are removed from the appliance and stored for a long time.

b) Test procedure

An undischarged battery is discharged under an application or service output test condition,
with the load defined in IEC 60086-2 resulting in the longest test duration until the service
life falls by 50 % of the highest minimum average duration (MAD) value, followed by storage

at 45 °C = 2 °C for 30 days.

The temperature tolerance of 2 °C is for the temperature maintain period and a brief over-

shoot in temperature is allowed during the transition period.

c) Requirements

There shall be no leakage, no fire and no explosion during this test.
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6.3.2.2 Test B-1 — Transportation-shock
a) Purpose

This test simulates the situation when an appliance is carelessly dropped with batteries
installed in it. This test condition is generally specified in IEC 60068-2-27 [3]".

b) Test procedure
An undischarged battery shall be tested as follows.

The shock test shall be carried out under the conditions defined in Table 3 and the sequence
in Table 4.

Shock pulse — The shock pulse applied to the battery shall be as follows:

Table 3 — Shock pulse

Acceleration Waveform
Minimum average acceleration Peak acceleration
first three milliseconds
75 g, 125 g t0o 175 g, Half sine
NOTE g, =9,806 65 m/s?.

Table 4 — Test sequence of the shock test

Step| Storage time Battery orientation Number of shocks Visual examinatijon
periods
1 - - - Pre-test
2 - a 1 each -
3 - a 1 each -
4 - a 1 each -
5 1h - - -
6 - - - Post-test
a8 The shock shall be applied in gach of three mutually perpendicular directions.

tep 1 Record open circuit voltage in accordance with 5.2.

S
Steps 2 to 4 Apply shock test specified in Table 3 and the sequence in Table 4.
Step 5 Rest battery for 1 h.

Step 6 Record examination results.

c) quuirements
T

ere shall he no Innkagt{ no fire and no nyplneinn dllring this test

6.3.2.3 Test B-2 — Transportation-vibration
a) Purpose

This test simulates vibration during transportation. This test condition is generally specified
in IEC 60068-2-6 [4].

b) Test procedure
An undischarged battery shall be tested as follows.

The vibration test shall be carried out under the following test conditions and the sequence
in Table 5.

T Numbers in square brackets refer to the bibliography.
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Vibration — A simple harmonic motion shall be applied to the battery having an amplitude of
0,8 mm, with a total maximum excursion of 1,6 mm. The frequency shall be varied at the
rate of 1 Hz/min between the limits of 10 Hz and 55 Hz. The entire range of frequencies
(10 Hz to 55 Hz) and return (55 Hz to 10 Hz) shall be traversed in (90 £ 5) min for each

mounting position (direction of vibration).

Table 5 — Test sequence of the vibration test

Step Storage time Battery orientation Vibration time Visual examination
periods
1 - - - Pre-test
2 - a (90 £ 5) min each -
3 - a (90 £ 5) min each —
4 - a (90 + 5) min each -
5 1h - - -
6 - - - Post-test
@ The vibration shall be applied in each of three mutually perpendicular directions.

c)

tep 1 Record open circuit voltage in accordance with-5.2.

S
Steps 2 to 4 Apply the vibration specified in 6.3.2.3 in the{sequence in Table 5.
Step 5 Rest battery for 1 h.

Step 6 Record examination results.

Rlequirements

There shall be no leakage, no fire and no explesion during this test.

6.3.204 Test C — Climatic-temperaturecycling

a) Purpose

b)

This test assesses the integrity of the battery seal which may be impaired after temper
cling.

c
Test procedure

Ah undischarged battery shall be tested under the following procedure.
Temperature cyclingiprocedure (see 1) to 7) below and/or Figure 2)

1

70 °C = 5.C within z; = 30 min.

Maintgin:the chamber at this temperature for 1, = 4 h.

Place the batteries in a test chamber and raise the temperature of the chamb

3) Reduce the temperature of the chamber to 20 °C £ 5 °C within ¢, = 30 min and mai

ature

er to

ntain

atthis temperature for 3 = 2 h.

4) Reduce the temperature of the chamber to —20 °C £ 5 °C within #; = 30 min and maintain

at this temperature for t, = 4 h.
5) Raise the temperature of the chamber to 20 °C = 5 °C within #; = 30 min.

6) Repeat the sequence for a further nine cycles.

7) After the 10th cycle, store the batteries for seven days prior to examination.
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70 °C

20 °C

-20°C

1) 13

| |
£} : Iy : i
1 T

A

A

IEC

t = 0 min
t, =4 h
i3 =2h

Figure 2 — Temperature cycling procedute

c) Requirements
There shall be no fire and no explosion during this test.

6.4 | Reasonably foreseeable misuse
6.4.1 Reasonably foreseeable misuse tests and requirements

Table 6 — Reasonably foreseeable misuse tests and requirements

Test Misuse simulation Requirements

Electrical tests D Incorrect.installation No fire (NF)
No explosion (NE)@

E External short circuit No fire (NF)
No explosion (NE)

F Overdischarge No fire (NF)
No explosion (NE)

Envirpnmental test G Free fall No fire (NF)
No explosion (NE)

a8 Spe NOTE 2 of 6:4:2.1 b).

6.4.2 Reasonably foreseeable misuse test procedures

6.4.2t+——Test D=1Incorrectinstattation(four batteriesimseries)

a) Purpose

This test simulates the condition when one battery in a set is reversed.
b) Test procedure

Four undischarged batteries of the same brand, type and origin shall be connected in series
with one reversed (B1) as shown in Figure 3. The circuit shall be completed for 24 h or until
the battery case temperature has returned to ambient.

The resistance of the inter-connecting circuitry shall not exceed 0,1 Q.
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6.4.2.2 Test E — External short circuit

a) Purpose

This misuse may occur during daily handling of batteries.
b) Test procedure

Aln undischarged battery shall be connected as shownin Figure 4. The circuit shg
cpmpleted for 24 h or until the battery case température has returned to ambient.
rgsistance of the inter-connecting circuitry shall not exceed 0,1 Q.

¢) Requirements
There shall be no fire and“no explosion during this test.

6.4.2(3 Test F — Overdischarge

NP

dé¢signed to relieve excessive internal pressure, it is possible that in some instances an explosion, canp

There shall be no fire and no explosion during this test (see NOTE 2 of 6(4,2.1 b)).

This test simulates and determines the effect of placing a discharged battery in a circui

Test procedure

IEC

Figure 3 — Circuit diagram for incorrect installation (four batteries in series)

NOTE 1 The circuit in Figure 3 simulates a typical misuse condition.

+

IEC

Figure 4 — Circuit diagram for external short circuit

Purpose

uphdischafged batteries (i.e. mixing new with used or old batteries).

ot be

Il be
The

with

test

Qne’dndischarged battery (C1) is discharged under the application or service outpu

condition, with the highest MAD value (expressed in time units), as defined in IEC 60086-2,
until the on-load voltage falls to (n x 0,6 V) where n is the number of cells in the battery.
Then, three undischarged batteries and one discharged battery (C1) of the same brand,
type and origin shall be connected in series as shown in Figure 5. The discharge shall be

continued for 24 h.

The value of the resistor (R1) shall be approximately four times the lowest value from the
resistive load tests specified for that battery in IEC 60086-2. The final value of the resistor

(R1) shall be the nearest value to that specified in 6.4 of IEC 60086-1:2015.
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b)

7
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R1

IEC

Figure 5 — Circuit diagram for overdischarge

Requirements
There shall be no fire and no explosion during this test.

Purpose

This test simulates the situation when a battery is accidentally dropped. The [test condition
i based upon IEC 60068-2-31 [5].

Test procedure

Undischarged test batteries shall be dropped from a height of 1 m~@nto a concrete surface.
Ejach test battery shall be dropped six times, a prismatic battery once on each of ifs six
gces, a round battery twice in each of the three axes shown-in*Figure 6. The test batferies
shall be stored for 1 h afterwards.

z

IEC

Figure 6 — XYZ axes for free fall

X

equirements

_|

here shall be no fire and no explosion during this test.
Information-for safety

Precautions during handling of batteries

Whenp _uséd correctly, primary batteries with aqueous electrolyte provide a safe and dependable
source of power. However, battery misuse or abuse may result in leakage, or in extreme cases,
fire and/or explosion.

a)

b)

Always insert batteries correctly with regard to the polarities (+ and —) marked on the battery
and the equipment.

Batteries which are incorrectly placed into equipment may be short-circuited, or charged.
This can result in a rapid temperature rise causing venting, leakage, explosion and personal
injury. See Annex B for additional details.

Do not short-circuit batteries.

When the positive (+) and negative (-) terminals of a battery are in electrical contact with
each other, the battery becomes short-circuited. For example, loose batteries in a pocket
and/or handbag with keys or coins can be short-circuited. This may result in venting,
leakage, explosion and personal injury.
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c)

g)

h)

Keep batteries out of the reach of children

Especially keep batteries which are considered swallowable out of the reach of children,
particularly those batteries fitting within the limits of the ingestion gauge as defined in
Figure 7. In case of ingestion of a cell or a battery, the person involved should seek medical
assistance promptly. Ingested button cells with less than 2 V do not exhibit the potential to
cause chemical burns within a short time. If such cells have passed through the oesophagus,
established medical practice is to monitor and allow the cell(s) to naturally pass.

NOTE 1 Refer toin Annex D, Clause D.1 for more details.

NOTE 2 Refer to [6] for general information on hazards.

A
So
T
NG
Yo
S
I
+0,1
<rzs31,7 0 >

IEC

Figure 7 — Ingestion gauge

0 not charge batteries.

ttempting to charge a non-rechargeable (primary) battery may cause internal gas ahd/or
bat generation resulting in ventingleakage, explosion and personal injury.

o not force discharge batteriest

D

A

h

D

When batteries are force_.discharged with an external power source, the voltage of the
bhattery will be forced below its design capability and gases will be generated inside the
battery. This may result in venting, leakage, explosion and personal injury.
D
W\
s

W\
u

c

E

0 not mix old and-new batteries or batteries of different types or brands.

hen replacing'batteries, replace all of them at the same time with new batteries gf the
bme brand and type.

hen batteries of different brand or type are used together, or new and old batteries are
sed tegether, some batteries may be over-discharged due to a difference of voltage or
hpacity. This can result in venting, leakage and explosion and may cause personal iffjury.

hausted batteries should be immediately removed from equipment and properly disposed

of.

When discharged batteries are kept in the equipment for a long time, electrolyte leakage
may occur causing damage to the appliance and/or personal injury.

Do not expose batteries to heat.

When a battery is exposed to heat, venting, leakage and explosion may occur and cause
personal injury.

Do not weld or solder directly to batteries.

The heat from welding or soldering directly to a battery may cause internal short-circuiting
resulting in venting, leakage and explosion and may cause personal injury.

Do not dismantle batteries.

When a battery is dismantled or taken apart, contact with the components can be harmful
and may cause personal injury or possibly fire.
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Do not deform batteries.

Batteries should not be crushed, punctured, or otherwise mutilated. Such abuse may result
in venting, leakage and explosion and cause personal injury.

Do not dispose of batteries in fire.

When batteries are disposed of in fire, the heat build-up may cause explosion and personal
injury. Do not incinerate batteries except for approved disposal in a controlled incinerator.

NOTE Refer to [6].
Do not allow children to replace batteries without adult supervision.

Do_not nnr‘:ulnelllsufn and/or mnr’lif\ll batteries

Ejncapsulation, or any other modification to a battery, may result in blockage of the presgsure
relief vent mechanism(s) and/or prevent removal of hydrogen gas generated in the-batferies
(gee also Clause B.6). This may lead to explosion and personal injury. Advice from the
battery manufacturer should be sought if it is considered necessary~ te make| any

odification.

Store unused batteries in their original packaging away from metal -objects. If alfjeady
uhpacked, do not mix or jumble batteries.

npacked batteries could get jumbled or get mixed with metal)objects. This can gause
httery short-circuiting which may result in venting, leakage and explosion and personal
injury; one of the best ways to avoid this happening is tg@,store unused batteries in|their
ofiginal packaging.

O

Remove batteries from equipment if it is not to be used for an extended period of time upless
itlis for emergency purposes.

It|is advantageous to remove batteries immediately from equipment which has ceasgd to
fynction satisfactorily, or when a long period.ofydisuse is anticipated (e.g. portable lighting,
tqys). Although most batteries on the market ‘today are provided with protective jack{ts or
other means to contain leakage, a battery‘that has been partially or completely exhalisted
may be more prone to leak than one that is unused.

Packaging

The packaging shall be adequate-to avoid mechanical damage during transport, handling and
stacKing. The materials and packaging design shall be chosen so as to prevent the development
of urjintentional electrical centact, short circuit, shifting and corrosion of the terminals) and

affordd some protection frem-the environment.

7.3

Handling of battery cartons

Battdry cartons_should be handled with care. Rough handling might result in battery damage.

This pan cause leakage, explosion, or fire.

7.4

a)

b)

Display and storage

Batteries shall be stored in well-ventilated, dry and cool conditions.

High temperature or high humidity may cause deterioration of the battery performance or
surface corrosion.

Battery cartons should not be piled up in several layers (or should not exceed a specified
height).

If too many battery cartons are piled up, batteries in the lowest cartons may be deformed
and electrolyte leakage may occur.

When batteries are stored in warehouses or displayed in retail stores, they should not be
exposed to direct sun rays for a long time or placed in areas where they get wet by rain.

When batteries get wet, their insulation resistance decreases, self-discharge may occur and
rust may be generated.
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d) Do not mix unpacked batteries so as to avoid mechanical damage and/or short circuit among

e)

7.5

each other.

When mixed together, batteries may be subjected to physical damage or overheating
resulting from external short circuit. Leakage and/or explosion may then occur. To avoid
these possible hazards, batteries should be kept in their packaging until required for use.

See Annex A for additional details.

Transportation

When loaded for transportation, battery packages should be so arranged to minimize the risk

of fa

ling for example one from the top of another. They should not be stacked so high that

damgge to the lower packages occurs. Protection from inclement weather should be proyv

7.6
a)
b)
c)

d)

a)

b)
c)
d)
e)

Disposal
o not dismantle batteries.

o not dispose of batteries in fire except under conditions of controlledrincineration.
b local rules to the contrary exist.

bnsidered:
e| Store collected batteries in a non-conductive container:

o| Store collected batteries in a well-ventilated area, Since some used batteries ma
and thereby evolve hydrogen gas. If collection containers and storage areas ar

source.

¢| Do not mix collected batteries with other materials. Since some used batteries ma
contain a residual charge, they could be short-circuited, charged or force discha
The subsequent possible heat generation can ignite flammable wastes such as oily
paper or wood and can cause afire.

o| Consider protecting used-battery terminals, particularly those batteries with high vol
to preclude short circuits]) charging and force discharging, for instance, by mea
covering battery terminals with insulating tape.

Instructions.for use

Always select the correct size and grade of battery most suitable for the intended
Information” provided with the equipment to assist correct battery selection shoul
g¢tained"for reference.

—

Replace all batteries of a set at the same time.

D
D
Primary batteries may be disposed of via the communal refuse arrangements, provided that
n
W
c

ded.

here there is provision for the collection of used batteriés; the following should be

still

contain a residual charge, they could be shori-gircuited, charged or force dischgrged

b not

properly ventilated, hydrogen gas can buildup and explode in the presence of an igfition

y still
rged.
rags,

fage,
hs of

¢| Failure to observe\these recommendations may result in leakage, fire, and/or explgsion.

use.
d be

Clean the battery contacts and those of the equipment prior to battery installation.
Ensure that the batteries are installed correctly with regard to polarity (+ and -).

Remove batteries from equipment which is not to be used for an extended period of time.

Remove exhausted batteries promptly.
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9 Marking and packaging

9.1

General batteries

2021

With the exception of swallowable button cells (see 9.2), each battery shall be marked with the
following information:

a) d

esignation, IEC or common;

b) expiration of a recommended usage period or year and month or week of manufacture.

The year and month or week of manufacture may be in code;

c) pptarty-ofthepositive{+terminak

d) npminal voltage;

e) npame or trademark of the manufacturer or supplier;

f) cautionary advice.

Refef to Table 7, "General batteries", for an overview of marking requifements for gepheral

battefies.

NOTE| The common designation can be found in Annex D of IEC 60086-2:2015.

9.2 | Swallowable button cells

a) Fpr swallowable batteries, i.e. those that fit entirely wijthin the ingestion gauge (Figyre 7)
the designation 9.1 a) and the polarity 9.1 c) shall,be marked on the battery. All pther
re¢quired markings shown in 9.1, except 9.1 f), may\be given on the immediate packaging
instead of on the battery.

b) Fpr P-system batteries, 9.1 a) may be marked on the battery, the sealing tab or the
immediate packaging. 9.1 c) may be marked 'on the sealing tab and/or on the battery. 9.1
b), 9.1 d) and 9.1 e) may be given on thelimmediate packaging instead of on the battdry.

c¢) When batteries are intended for direct-sale in consumer-replaceable applications, a caution
fqr ingestion of swallowable batteriesshall be given. Refer to 7.1 ¢) and Annex D for details.
Claution for other risks is optional

Refef to Table 7, "swallowablé€ ybutton cells", for an overview of marking and packaging

requirements along with Anpnex E for child resistant packaging recommendationg for

swallowable button cells,

9.3 | Safety pictograms

Safely pictograms:that could be considered for use as an alternative to written cautionary aglvice

are provided inAnnex C.
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Table 7 — Marking and packaging requirements

List item General Swallowable button cells
batteries
d <16 mm 16 mm < d <20 mm d =20 mm
Electrochemical system P L, S P L,S P L, S
a) Designation, IEC or common B C B C B C B

b) Expiration of a recommended usage
period or year and month or week of
manufacture. The year and month or
week of manufacture may be in code

c) HoTarity of the positive (+) terminal B D B D B D B

d) Nominal voltage B

e) Name or trademark of the manufacturer B
or supplier

f) Qautionary advice B

g) Qaution for ingestion of swallowable pa pa pa pa pa B3|+ P2
batteries, see also 7.1 ¢) and Annex D

h) Qhild resistant packaging NR NR NR NR Rab NR Rab

Key

d Diameter

B Marking required on cell/battery

C Marking required on battery, sealing tab or immediate‘packaging

D: Marking required on sealing tab and/or the battery,

P Marking required on immediate packaging

R Child resistant packaging

NR: Not required

empiy cell: Marking may appear on cell/battery>and/or immediate packaging
28 dee Foreword for transition period.

hen batteries are intended for direct sale in consumer replaceable applications.
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Annex A
(informative)

Additional information on display and storage

The purpose of this annex is to describe good practices for display and storage (see also 7.4)
in general terms and, more specifically, to warn against procedures known from experience to
be harmful. It takes the form of advice to battery manufacturers, distributors, users, and
equipment designers.

Stors

a)

b)

g)

F

reg

manufacturer.

p

T

B

transit. Thus, batteries should be stored away from ship engines and not left for long pe]
i unventilated metal box cars (Containers) during summer.

c
sforage areas and displays should be properly designed and packs should be adequ
m

ge and stock rotation

bver exceed +30 °C. Extremes of humidity (over 95 % RH and below 40 % RH
Istained periods should be avoided since they are detrimental to both batteries

inlight.

mbient temperature. Accelerated warming is harmful.

latteries which have been cold-stored should be put(into use as soon as possible
turn to ambient temperature.

latteries may be stored fitted in equipment or packages if determined suitable by the ba

he height to which batteries may be stacked is clearly dependent on the strength @

latteries should be dispatched promptly after manufacture and in rotation to distrib
bntres and on to the users. In order that stock rotation (first-in, first-out) can be prac{

arked.

br normal storage, the temperature should be between +10 °C and +25 °C 4nd should

) for
and

Ackaging. Batteries should therefore not be stored next to radiators or boilers nor in direct

though the storage life of batteries at room temperature is good{{storage is improved at
wer temperatures provided special precautions are taken.cThe batteries should be
nclosed in special protective packaging (such as sealed plastic bags or variants) which
nould be retained to protect them from condensation during_the time they are warmipg to

after

ttery

f the

ack. As a general guide, this height should not exceed 1,5 m for cardboard packs of 3 m
fqr wooden cases.

he above recommendations are\equally valid for storage conditions during prolonged

riods

ution
ised,
ately
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B.1

B.1.1

In or
batte
imprd
deve
was

gene

The
signi

B.1.2

Poor

of th¢ batteries.

B.1.3
If a b

the fpllowing potential hazards exist:

a) ¢

NOTE

b) g
c) v

d) le

NOTE|

following text and figures are intended to aid the battery-powered.equipment design

Annex B
(informative)

Battery compartment design guidelines

Background

General

vements to both capacity and rate capability. Resulting from these conti
opments and recognizing the need for both safety and optimum battery perfarmar
established that the majority of reported battery failures resulted from electrical g
rally arising from consumer accidental misuse.

icantly reduce or eliminate such battery failures.

Battery failures resulting from poor battery compartment design

battery compartment design may lead to reversed battery installation or to short-circ

Potential hazards resulting from batteryreversal

attery is reversed in a circuit with three or more batteries in series as shown in Figure

narging of the reversed battery;

1 The charging current is limited by, the external circuit/load.
As generation within the reversed battery;

bnt activation of the reversed battery;

akage of electrolyte ffom the reversed battery.

2 Battery electrolytes are harmful to body tissues.

Reversed battery

IEC

Figure B.1 — Example of series connection with one battery reversed

B.1.4 Potential hazards resulting from a short circuit

a) heat generation resulting from high current flow;

b) gas generation;

c) vent activation;

er to

liting

B.1,
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d) electrolyte leakage;

e) heat damage to insulating jackets (e.g. shrinkage).

NOTE Battery electrolytes are harmful to body tissues and generated heat can cause burns.

B.2 General guidance for appliance design

B.2.1 Key battery factors to be first considered

These guidelines are essentially directed toward cylindrical batteries with sizes ranging from

R1 to_R20. The battery systems involved are commonly referred to as alkaline mgnggnggi and
zinc [carbon. Whilst the two systems are interchangeable they should never be use¢d in

combination.

The following physical differences between the two systems and permitted design feafures

should be noted during the early phases of battery compartment design.

a)
b)

c)

d)

e)

The positive terminal of the alkaline manganese battery is connected;to the battery case.
The positive terminal of the zinc carbon battery is insulated from_the-battery case.

Bloth battery types have an outer insulated jacket. This may bg of paper, plastic or pther
npn-conductive material. On occasion, the outer jacket may,be metallic (conductive); in[such
instances this is insulated from the basic unit.

When forming the negative contact it should be notéd that the corresponding b3gttery
tgrminal may be recessed. (For clarification refer to{/EC 60086-1:2015, 4.1.3). To ensure
gpod electrical contact, completely flat negative gquipment contacts should be avoided.

Under no circumstances should battery connectors or any part of the equipment cirguitry
cpme into contact with the battery jacket. Any design of battery compartment permittingd this,
isks the possibility of a short circuit.

-

Conigal or helical springs used for negative connection should compress uniformly whep the
battery is inserted and not bridge across.to the battery jacket. (Spring connection to the positive

termipnal of a battery is not recommended.)

B.2.2 Other important factors to consider

a)

b)
c)
d)

e)

g)

It|is recommended that companies producing battery-powered equipment should maintain
close liaison with the battery industry. The capabilities of existing batteries should be faken
ifto account at design inception. Whenever possible, the battery type selected should be
ohe included in IEC 60086-2.

esign compartments so that batteries are easily inserted and do not fall out.

imensions should not be tied to a particular battery manufacturer as this can cfeate
foblems when replacements of different origin are installed. Only consider the battery
dimensions and toterances defined  withim tEC 60086-2—when designing the battery
compartment. The battery compartment should be designed such that it accommodates the
increase in battery height in accordance with IEC 60086-2:2015, Clause 5, Note.

D
Design compartments to prevent easy access to the batteries by young children.
D
p

Clearly indicate the type of battery to use, the correct polarity alignment (+ and -) and
directions for insertion.

Although batteries are very much improved regarding their resistance to leakage, it can still
occasionally occur. When the battery compartment cannot be completely isolated from the
equipment, it should be positioned so as to minimize possible equipment damage from
battery leakage.

Design equipment circuitry such that equipment will not operate below 0,7 V per battery
(0,7 V x ng where ng is the number of batteries connected in series). To continue discharging

below this level may result in unfavourable chemical reactions within the battery/batteries
resulting in leakage.
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B.3 Specific measures against reversed installation

B.3.1 General

To overcome the problems associated with the reversed placement of a battery, consideration
should be given at the design stage to ensure that batteries cannot be installed incorrectly or,

if so installed, will not make electrical contact.

B.3.2 Design of the positive contact

Some suggestions for the R03, R1, R6, R14 and R20 size battery compartments are illustrated

in Figure B.2 and Figure B.3 below. Provision should also be made to prevent unnece
movgment of batteries within the battery compartment. Battery contacts should be shield

prev{nt contact during reverse installation.

>
/H/’\\
—« Il &
B /,{LE

// |~

‘ -\\\r") ) Insulated ribs hold the negative
\/\ / terminal away from contact

IEC

a) Correct insertion of the battery b) Incorrect insertion of the battery

Figure B.2 — Positive contact recessed between ribs

,//\

TR /)Q//

— \ \

f\s\'\ /\ Negative terminal contac
OV) ~

N

/

IEC
a) Correct insertion of the battery b) Incorrect insertion of the battery
Figure-B.3 — Positive contact recessed within surrounding insulation

B.3.3 Design of the negative contact

The tollowin

ts

only the insulated surround
IEC

estion-is aiven for RO3 R1 PAa R14 and R20 siza hatterv ﬁnmpari
S A—S—gH-8R—FoF—i~ — o —+a—aa = J—SZ68—4 e

ssary
ed to

nents

aq
A BC RS ] tt 9 LIy T tTtoTy

g-s
(see Figure B.4

IEC centre

a) Correct insertion of the battery b) Incorrect insertion of the battery

Positive terminal does not
contact U shaped negative
contact but only insulated

IEC

Figure B.4 — Negative contact U-shaped to ensure no positive (+) battery contact
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B.3.4 Design with respect to battery orientation

In order to avoid reverse insertion of batteries, it is recommended that all batteries have the
same orientation. Examples are shown in Figure B.5 a) and Figure B.5 b).

Figure B.5 a) shows the preferred battery arrangement inside a device while Figure B.5 b)
shows an alternative recommendation.

IEC

IEC

b) Alternativerecommendation for battery orientation

NOTE|1 In Figure B.5 a), protection of-the positive contact in a is as shown in Figure B.2 and Figure B.3.

NOTE|2 In Figure B.5 b), protection of the contacts is in Figure B.2 or Figure B.3 for the positive and Figure B.4 for
the nelgative contact.

NOTE|3 The arrangemeént{in Figure B.5 b) is only considered practical for R14 and R20 size batteries due|to the
small hegative terminal area (dimension C of the relevant specification) of the other sizes.

Figure B.5 — Design with respect to battery orientation

B.3.5 Dimensional considerations

Table BT provides critical dimensional detalls relating to the battery terminals and the
recommended dimensions for the devices positive contact. By making reference to Figure B.6,
and designing in accordance with the dimensions shown in Table B.1, subsequent reversal of
a battery, such that its negative terminal is presented to the devices positive contact, will result
in a "fail safe" situation, i.e. there will be no electrical contact.
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Table B.1 — Dimensions of battery terminals and recommended dimensions
of the positive contact of an appliance in Figure B.6

Dimensions in millimetres

Relevant dry batteries

Dimension of the
negative battery

Dimension of the positive
battery terminal

Recommended dimensions
of the positive contact of

terminal an appliance in Figure B.6
dg? dg? hy? X Y
minimum maximum minimum
R20, LR20 18.0 9.5 1.5 9.6to 11.0 051t0 1,4
R14, LR14 13,0 7,5 1,5 7,6 t0 9,0 0,5-to0 (1,4
R6, LR6 7,0 5,5 1,0 5,6 to 6,8 04 to 0,9
R03, LR0O3 4,3 3,8 0,8 3,9 to 4,2 0,4 to 0,7
R1, LR1 5,0 4,0 0,5 4,1 tof4,9 0,1to|0,4

@ REfer to IEC 60086-2.
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Positive contact

of an appliance
Positive contact

of an appliance

' Negative contact
Negative contact of an appliance
of an appliance

IEC

IEC

a) Correct insertion b) Incorrect insertion

s Minimum outer diameter of the negative flat contact surface
3 mpximum diameter of the positive egntact within the specified projection height
hy  minimum projection of the flat positive contact

X dipmeter of the recessed hole.as a positive contact with the positive battery terminal. X should be bigger than d;
t smaller than d.

~
O T

epth of the recessedjhole as a positive contact with the positive battery terminal. ¥ should be smaller thgn 7.

NOTE| Positive contact of an appliance is recessed within the surrounding insulation.

Figure B.6 — Example of the design of a positive contact of an appliance

The diameter of the recessed hole is larger than the diameter (d3) of the positive battery terminal
but is smaller than the diameter (dg) of the negative battery terminal. The insertion of the battery

in Figure B.6 a) is correct. In Figure B.6 b) the reverse insertion of the battery is shown; in this
instance the negative terminal of the battery only contacts the surrounding insulation thereby
preventing electrical contact.
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B.4 Specific measures to prevent short-circuiting of batteries

B.4.1 Measures to prevent short-circuiting due to battery jacket damage

In alkaline manganese batteries, the steel case, which is covered by an insulating jacket
(see B.2.1 c)), has the same voltage as the positive terminal. Should the insulating jacket be
cut or pierced by any conductive circuitry within an appliance, a short circuit may occur as
shown in Figure B.7. (It should be noted that the damage described above can be aggravated
if the appliance is subjected to physical abuse, e.g. abnormal vibration, dropping).

CSlart o HY
OO CHCHTT

IEC

NOTE|1 The potential hazards resulting from a short circuit are defined in B.1.3.

NOTE|2 Whilst the example shown in Figure B.7 commonly relates to alkaline manganese battery systenis, the
batterfes addressed in this annex are interchangeable (see B.2.1).

Figure B.7 — Example of a short circuit where'a switch is piercing
the battery insulating.jacket

Prevention: insulating material positioned as shown in Figure B.8 prevents the switch [from
damaging the battery jacket.

Insulator

_/ IEC

Figure.B.8 — Typical example of insulation to prevent short circuit

It is glso essential that no part of the equipment or equipment circuitry, including rivets or sdqrews,
used|to secure the battery contacts, etc. is allowed to contact the battery case or jacket.

B.4.2

spring contacts are employed for battery connection

Placement of a battery (positive (+) end foremost) as shown in Figure B.9 may result in
distortion of the negative () spring contact and subsequent cutting and piercing of the battery
insulating jacket when a battery is inserted against the spring as shown in Figure B.10.
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Figure B.9 — Insertion against spring (to be avoided)

re @

© ®

a)| Spring slides underneath the jacket and b) Jacket is punctured
contacts the metal can

Figure B.10 — Examples showing distorted springs

Prevention: in order to eliminate the possible incidents shown in“Figure B.10, it is recommelnded
that the design of the battery compartment allows the battefy, when correctly inserted (negative
terminal first), to evenly compress the coil spring as shown in Figure B.11. The insulated guide
abovg the negative (=) connections in Figure B.11 ensures this.

Insulated’'guide

O W ®@g

Figure B.11 — Example of protected insertion

The ¢nd of the spring coil i.e. that part in final contact with the battery should be bent toward
the centre of the coil so that no sharp edges are presented to the battery jacket.

The $pring wire should be of sufficient diameter as specified in Table B.2. The spring contact
presguré should be sufficient to ensure that the batteries make and maintain good eledtrical
contact\at all times. However, the spring contact pressure should not be so great as to preclude
easy battery insertion and removal. Excessive spring contact pressure can cause cutting or
piercing of the insulating jacket or contact deformation.

This can lead to a short circuit and/or leakage.
Table B.2 contains details on the recommended diameters of the spring wire.

Spring coil contacts should only contact the negative terminals of cylindrical batteries.
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Table B.2 — Minimum wire diameters

Dimensions in millimetres

Battery type Minimum wire diameter
R20 LR20 0,8
R14 LR14 0,8
R6 LR6 0,4
RO3 LRO3 0,4
R1 LR1 0,4

B.5

Special considerations regarding recessed negative contacts

IEC 60086-2 specifies the maximum recess of the negative battery terminal from the ext
jackdt. Many R20, LR20, R14 and LR14 batteries have a recessed negative terminal. §
battefies are provided with projections of insulating resin on the negative terminal in ord
prev

It is i
into

Spec
the fopllowing.

b)

c)

nt electrical contact if the battery is reversed.

Mmperative that the above shapes and dimensions of negative battery terminals are

ific precautions of three (3) kinds of contacts which are generally used are describ

hen a spring coil is used as the negative conta¢t of an appliance: the diameter of th
hich interfaces with the battery should be smaller than dg, where dg is the external diar]

the contact surface of the negative battepy terminal.
here a sheet metal is cut and formed te make a negative contact (see Figure B.12)

ernal
pome
er to

aken

pccount during the early stage of the design of the (negative contact of an appliance.

ed in

b coil
heter

, it is

S shown in Figure B.12 a projectioenor pip should be provided. This projection or pip s
e of sufficient depth to overcome any recess in the battery terminal (dimension 4,4). F

follow this advice may resultin loss of battery contact.
here it is proposed to employ a flat metal plate as the negative contact of an applian

he projection(s) sheuld be of sufficient depth to overcome any recess in the neg
rminal of the battery (dimension #,) and be placed within the confines of the b3

rminal contact area (dimension dg).

ssential that the dimensions 7, and dg, as defined in Table B.3, are noted and acted }pon.

ould
ilure

ce, it

essential that one gr'more "pips" or projection(s) are provided to ensure battery contact.

ative
ttery
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a) Spring coil b) Plate spring contact

Figure B.12 — Example of negative contacts

Table B.3 — Dimensions of the negative battery terminal

Dimensions in millimgtres

Battery type Maximum recessed dimension of External diameter of the contacjt
negative battery terminal h4a surface of negative battery termingl dﬁa
R20,|LR20 1,0 18,0
R14,|LR14 0,9 13,0
R6, IR6 0,5 7,0
R03,|LR0O3 0,5 4,3
R1, IR1 0,2 5,0

@ Hefer to IEC 60086-2.

It should be stressed that battéry compartment dimensions should not be tied to dimengions
and folerances of a particular manufacturer as this can create problems if replacements of
diffenent origin are installed.

For dlimensional details, particularly those related to the positive and negative termlnals,
refergence should be made to Figure 1a and Figure 1b of IEC 60086-2:2015 and the relg¢vant
battery specifications contained in IEC 60086-2.

B.6 | Waterproof and non-vented devices

It is important that hydrogen gas generated in the batteries is either removed by recombination
reaction or allowed to escape; otherwise a spark could ignite the entrapped hydrogen and air
mixture resulting in an explosion of the device. The advice of the battery manufacturer should
be sought at the design stage of such applications. (See added statement in 7.1 n))

B.7 Other design considerations

a) Only the battery terminals should physically contact the electric circuit. Battery
compartments should be electrically insulated from the electric circuit and positioned so as
to minimize possible damage and/or risk of injury resulting from battery leakage.

b) Much equipment is designed to operate with alternative power supplies (e.g. mains,
additional batteries) and this is particularly relevant to primary battery memory back-up
applications. In these situations, the circuitry of the equipment should be so designed to
either
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g)

h)

EXAMPLE In Figure B.13, two batteries are discharging through resistor R1; if, following their discharge, the
is pos|tioned toward the R3 circuit, forced discharging of the'former two batteries can occur.

Potential hazardsarising from forced discharging (driving into reverse voltage) are:

1)
2)
3)

1) prevent charging of the primary battery, or

2) include primary battery protective devices, for example a diode, such that the reverse
charging current from the protective device(s) to which the primary battery would be

subjected does not exceed that recommended by the battery manufacturer.

Any intended protective device circuit should be selected so as to be appropriate to the type
and electrochemical system of the primary battery concerned and preferably not subject to

single component failure. It is recommended that equipment designers obtain advice

from

the battery manufacturer concerning the primary battery memory back-up protection device

circuit.

Failure to observe these precautions may lead to short service life, leakage or explosi

on.

sitive (+) and negative (-) battery contacts should be visibly different in form 0
nfusion when inserting batteries.

lect terminal contact materials with the lowest electrical resistance and compatible
ttery contacts.

od heat radiation. They should not deform when a battery is inserted.

uipment designed to be powered by air-depolarized batteries of-€ither the A or P sy
ould provide for adequate air access. For the A system, the batfery should preferab

P
c
S
b
Blattery compartments should be non-conductive, heat resistant, non-flammable and
g
E
s
i an upright position during normal operation.

Blattery compartments with parallel connections are not pefmissible, unless it can be cl
demonstrated that the reversal of one or more batteries‘does not affect safety.

Sleries connection of batteries with multiple voltage Qutputs as shown in Figure B.13 i
recommended since a discharged section may be.driven into reverse voltage.

(@ o}f® ol Ol oO}e oj® o

R1
A { } R2

IEC

Figure B.13 —Example of series connection of batteries with voltage tapping

ghs genetation within the forced discharged battery/batteries;
vent activation;

avoid
with
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stem
ly be

early

S not

switch

$eal ot 1 1 o
e CLUHUTytlC 1TCAdRnayvc.

NOTE Battery electrolytes are harmful to body tissues.
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Annex C

(informative)

Safety pictograms

IEC 60086-5:2021 © IEC 2021

Cautionary advice to fulfil the marking requirements in this document has, on a historical basis,
been in the form of written text. In recent years, there has been a growing trend toward the use

f atacrama—aa-—a-—coraolamantaris raltarnaotiv o oo oo no f orad
(0] p'( oygrar s oS o COUThTpTeTe T tary- o artcriatav e rocarts o prodoattoSarTo

The ¢bjectives of this annex are: (1) to establish uniform pictogram recommendatians th3

Hot cafabv oomana i ot
T

tied to long-used and specific written text, (2) to minimize the proliferation of saféty picto
designs, and (3) to lay the foundation for the use of safety pictograms instead of written text to

communicate product safety and cautionary statements.

C.2 | Pictograms

The pictogram recommendations and cautionary advice are given,in Table C.1.

Table C.1 — Safety pictograms

t are
gram

Refelrence Pictogram Cautionary advice
II-\ DO NOT CHARGE
B DO NOT DEFORM OR DAMAGE
C DO NOT DISPOSE OF IN FIRE

DO NOT INSERT INCORRECTLY
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Reference

Pictogram

Cautionary advice

E

KEEP OUT OF REACH OF CHILDREN

NOTE 1 See 7.1 c) for critical safety
information.

NOTE 2 The pictogram "KEEP OUT OF
REACH OF CHILDREN" was standardized in
ISO 7010:2019/AMD 2:2020 under the
reference M055 [7]. The blue colour and the
arrow of the ISO safety sign are not required.

DO NOT MIX DIFFERENT TYPES OR
BRANDS

IEC

()

DO NOT MIX NEW AND USED

DO NOT OPEN OR DISMANTLE

DO NOT SHORT-CIRCUIT

INSERT CORRECTLY



https://iecnorm.com/api/?name=098266907d65e48fae194811d5901dba

- 38 - IEC 60086-5:2021 © IEC 2021

C.3 Recommendations for use

The following recommendations are provided for use of the pictograms.

a) Pictograms should be clearly legible.

b) Whilst colours can be used, they should not detract from the information displayed. If colours
are used, the background of pictograms E and J should be blue and the circle and diagonal
bar of the other pictograms should be red.

c) Not all of the pictograms need to be used together for a particular type or brand of battery.
In particular, pictograms D and J are meant as alternatives for a similar purpose.
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D.1

Annex D
(informative)

Use of the KEEP OUT OF REACH OF CHILDREN safety sign

General

Accidental ingestion of button cells has become an object of public concern. If a button cell gets
stuck in the oesophagus, electrolysis of water and the generation of hydroxide ions may occur.

Thesp—-hydrexde—ons—form—ea—strong—eatkatine—selaten—which—ecandtead—to—chemical-burpg and

seriopus injury.

The pew safety sign KEEP OUT OF REACH OF CHILDREN shown in Table C.1Nrequirgd for

buttojn cells with a diameter equal to or greater than 16 mm which are intended for direct sale

in copnsumer replaceable applications) should give parents who have children|a"heads-up|as a

mandatory action sign even if the intended product is safe in the usual sense‘for adults.

D.2 | Safety sign

When a safety sign is used to convey the message that these Swallowable button cells (i.e. can

fit in he ingestion gauge, see Figure 7) should be kept out ofithe reach of children, the follgwing

best practices apply. The safety sign recommendation and ‘eautionary advice for use on battery

packfaging are given in Table C.1, safety pictogram E.

D.3 | Best practices for marking the packaging

Packpging of swallowable button cells (i.e. can fit in the ingestion gauge, see Figure 7) should

be mprked with the safety pictogram E_of Table C.1 to alert the purchaser of the increased risk

of such cells.

a) Rlefer to Table 7 for marking.requirements on packaging.

b) The safety sign should be-oncontrasting background. The background should cover at|least
5D % of the area of the pietogram.

c) The size of the safety\sign should be 6 mm in diameter or larger.

d) Ifl the text "KEEP ,;OUT OF REACH OF CHILDREN" is used, it should contrast with the
background colour on which it is printed.
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Annex E
(informative)

Child resistant packaging

E.1 General

E.1.1 General

Accidental ingncfinn of button cells has bhecome an nhjnnf of lr_\nhlin concern-\When-a-button cell

gets ptuck in the oesophagus, its voltage causes the electrolysis of water and the generation of

hydroxide ions. These hydroxide ions form a strong alkaline solution and can cause,’chemical

burng, perforation of soft tissue, and in severe cases can cause death.

This [annex provides an approach for childproof packaging of button cells in)order to help in

preventing their accidental ingestion.

E.1.2 Applicability

The following recommendations apply to consumer type button cells as specified in Table|7.

E.1.3 Packaging design

E.1.3.1 Single cell packaging

The packaging for button cells should meet one of\the following:

a) ppckaging strength as described in E.1.3.370r

b) ppckaging requirements based on local legislation or standardization [8], [9], [10f], if
applicable.

E.1.3.2 Multi-cell packaging

Each|cell containment in a multiccell packaging should meet the above requirements even when

another cell containment is femoved from the packaging.

E.1.3.3 Packaging-strength

The packaging strength should be such that the packaging passes the tests describgd in

Clause E.2.

E.2 | Packaging tests

E.21 General

The following test methods were developed based on the analysis of the behaviour of children
in a test where they were required to try and open button cell packaging within a limited time.
The tests should be conducted by an instructed person or, alternatively, if necessary, using
suitable equipment.

E.2.2 Test items

a) B

ending test

Hold the packaging with one hand close to one of its short sides and hold the cell with the
other hand. Bend the packaging until one hand touches the other hand as shown in

F

igure E.1. This is a guide for the bending angle: 150° or more.
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Figure E.1 — Bending test

brsion test

o m -

rder to procee

=)

bllowing is an explanation of how and how many times to twist the packaging afd-in {

d.

First time — Hold the packaging with the fingers of one hand on each of‘ifs shorter
from the state of 0° (neutral state without torsion). Twist it diagonally,with a torsion angle
of 45° in opposite directions as shown in Figure E.2.

@ Second time — Twist it diagonally 90° (45° back + 45° opposite’ direction) in opp
directions to the direction twisted the first time.

@ Third time — Return to neutral state without torsion (452 bakck).

@@ Movements O, @ and @ are counted as one time (0ne'reciprocation) and are repe
25 times (25 reciprocations).

Fljgure E.2 shows the movements of the torsion test. The red and blue lines represer
Idft and right edge of the packaging. The triangles and circles were added to keep track of
the orientation during movements.

vhich

sides

osite

bated

t the

Hold|the packaging

Left
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i [ & |
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g T Right
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Perspective view

Before

(D) through (3) 25 times

@ Repeat processes

|
<

View from right side

Before After (1) After (2) After (3)
N 7 \/)
A )
— ¢ ) K
A o (o) A

c) Tearing test

Figure E.2 — Torsion test

IEC

Try to tear the cell compartment with your hands as shown in Figure E.3. Alternatively use
suitable equipment and apply a force of at least 25 N.
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Figure E.3 — Tearing test

E.2.3 Test procedure

The {est procedure is conducted with ten sample packagings. Each sample is subjected

v

Figure E.4 — Pushing test

Try to push the cell out of the compartment with your hands. Alternatively pull with-a
of at least 5 kg for 30 s, as shown in Figure E.4.

seriep of tests in the order and frequency outlined in Table E.1.

Table E.1 — Test procedure

Order Test item Number of
times
(1) a) Bending test 50
(2) b) Torsion test 25
(3) c) Tearing test 1
(4) b) Torsion test 25
(5) a) Bending test 50
(6) c) Tearing test 1

[«R

+F

n [ $ 4
oSG teST

E.2.4 Criteria

Each test sample should meet the following criteria.

a) each cell should be kept in its packaging until the end of the test series, and

nass

to a

b) in order to prevent a child from pulling the cell out from its compartment, the packaging
should not open too wide. The maximum allowable size of an opening in the packaging is
6 mm diameter for a round hole and 10 mm length for a slit. See Figure E.5 for maximum

packaging openings.
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b

Slit (length)

.—"
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Figure E.5 — Maximum packaging opening



https://iecnorm.com/api/?name=098266907d65e48fae194811d5901dba

[1]

(2]
(3]

[4]

(5]

[6]

[7]

8]

[9]

[10]

[11]
(12]

(13]

- 44 — IEC 60086-5:2021 © IEC 2021

Bibliography

IEC 60050-482, International Electrotechnical Vocabulary (IEV) — Part 482: Primary and
secondary cells and batteries (available at http://www.electropedia.org)

ISO/IEC Guide 51:2014, Safety aspects — Guidelines for their inclusion in standards

IEC 60068-2-27, Environmental testing — Part 2-27: Tests — Test Ea and guidance:
Shock

IEC 60068-2-6, Environmental testing — Part 2-6: Tests — Test Fc: Vibration (sinus¢idal)

IEC 60068-2-31, Environmental testing — Part 2-31: Tests — Test Ec: Rough handling
shocks, primarily for equipment-type specimens

ISO/IEC Guide 50:2014, Safety aspects — Guidelines for child safety-in standards and
other specifications

ISO 7010:2019, Graphical symbols — Safety colours and safety-signs — Registered safety
signs
ISO 7010:2019/AMD 2:2020

USA:16 CFR §1700.15(b)(1)

EN 862, Packaging — Child-resistant packaging — Requirements and testing procedures
for non-reclosable packages for non-pharmaceutical products

AS 5808-2009, Child-resistant packaging — Requirements and testing procedurds for
non-reclosable packages for non-pharmaceutical products

IEC 60086-3, Primary batteries — Part 3: Watch batteries
IEC 60086-4, Primary-batteries — Part 4: Safety of lithium batteries

ISO 8124-1, Safety.of toys — Part 1: Safety aspects related to mechanical and physical
properties
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L'IEC

COMMISSION ELECTROTECHNIQUE INTERNATIONALE

PILES ELECTRIQUES -
Partie 5: Sécurité des piles a électrolyte aqueux
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Commission Electrotechnique Internationale (IEC) est une organisation mondiale de normalisation com
I'ensemble des comités électrotechniques nationaux (Comités nationaux de I'lEC). L'IEC a pour’ob
oriser la coopération internationale pour toutes les questions de normalisation dans les domain
ectricité et de I'électronique. A cet effet, I''EC — entre autres activités — publie des Normes internatiol
5 Spécifications techniques, des Rapports techniques, des Spécifications accessibles au(public (PAS)
ides (ci-aprés dénommés "Publication(s) de I'lEC"). Leur élaboration est confiée a des.comités d'étude
lvaux desquels tout Comité national intéressé par le sujet traité peut participer. Les organis

int]
tr

rnationales, gouvernementales et non gouvernementales, en liaison avec I'lEC{ participent égaleme
aux. L'IEC collabore étroitement avec I'Organisation Internationale de NoFfmalisation (ISO), selo

copditions fixées par accord entre les deux organisations.

Lep décisions ou accords officiels de I'lEC concernant les questions techniques représentent, dans la mes
popgsible, un accord international sur les sujets étudiés, étant donné que les(Comités nationaux de I'lEC inté
soht représentés dans chaque comité d'études.
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s'g
I'é

Publications de I'lEC se présentent sous la forme de recommandations internationales et sont ag
mme telles par les Comités nationaux de I'lEC. Tous les efforts~raisonnables sont entrepris afin quq
ssure de I'exactitude du contenu technique de ses publicatiens; I'lEC ne peut pas étre tenue responsa
entuelle mauvaise utilisation ou interprétation qui en est faite/par un quelconque utilisateur final.

D4ns le but d'encourager I'uniformité internationale, les ‘Comités nationaux de I'lEC s'engagent, dans td
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L'g

sure possible, a appliquer de fagon transparente les,Rublications de I'lEC dans leurs publications nati
régionales. Toutes divergences entre toutes Publications de I'lEC et toutes publications national
ionales correspondantes doivent étre indiquéesen-termes clairs dans ces derniéres.

FC elle-méme ne fournit aucune attestation.de conformité. Des organismes de certification indépe
rnissent des services d'évaluation de conformité et, dans certains secteurs, accédent aux marqu
hformité de I'lEC. L'IEC n'est responsable“d'aucun des services effectués par les organismes de certifi
épendants.

cune responsabilité ne doit étre\imputée a I'lEC, a ses administrateurs, employés, auxiliaires ou manda
ompris ses experts particuliers et les membres de ses comités d'études et des Comités nationaux de
ur tout préjudice causé en’cas de dommages corporels et matériels, ou de tout autre dommage de q
ure que ce soit, directe.ourindirecte, ou pour supporter les colts (y compris les frais de justice) et les dép
coulant de la publication ou de I'utilisation de cette Publication de I'lEC ou de toute autre Publication de
au crédit qui lui est accordé.

ttention est attirée sur les références normatives citées dans cette publication. L'utilisation de public

référencées estobligatoire pour une application correcte de la présente publication.

L'3
de
br

ttention-est.attirée sur le fait que certains des éléments de la présente Publication de I'lEC peuvent faire
droits"de*brevet. L'IEC ne saurait étre tenue pour responsable de ne pas avoir identifié de tels drd
bvets:

us les utilisateurs doivent s'assurer qu'ils sont en possession de la derniére édition de cette publication|.
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internationale.

Cette cinquiéme édition annule et remplace la quatriéeme édition parue en 2016. Cette édition
constitue une révision technique.

Cette édition inclut les modifications techniques majeures suivantes par rapport a I'édition
précédente:

a)

b)
c)

révision des informations de sécurité relatives au maintien des piles hors de portée des
enfants;

suppression de la méthode de détermination de la résistance d'isolement;

modifications de la matrice d'essai;
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d) révision de I'essai de décharge excessive;

2021

e) révision de la définition et de la note pour le terme "élément bouton" ou "pile bouton" en 3.2;

f) révision de la méthode d'évaluation d'une explosion, qui a été déplacée du 3.6 au 6.2.1.

Le texte de cette Norme internationale est issu des documents suivants:

Le ra
abou

La lahgue employée pour I'élaboration de cette Norme internationale est I'anglais:

Le p
selor
sous
par I'

Une
élect

Le cd
stabi

FDIS Rapport de vote
35/1471/FDIS 35/1472/RVD

i @ son approbation.

ésent document a été rédigé selon les Directives ISO/IEC, Partie 2, il la été dével
les Directives ISO/IEC, Partie 1 et les Directives ISO/IEC, Supplément IEC, dispon
www.iec.ch/members_experts/refdocs. Les principaux types dedocuments dévelo
EC sont décrits plus en détail sous www.iec.ch/standardsdev/publications.

liste de toutes les parties de la série IEC 60086, publiées sous le titre général
riques, se trouve sur le site web de I'lEC.

mité a décidé que le contenu du présent document' ne sera pas modifié avant la da

oppé
ibles

ppés

Piles

e de

ité indiquée sur le site web de I'lEC sous webgtore.iec.ch dans les données relatives au

document recherché. A cette date, le document sera

e rgconduit,

e slpprimée,

e remplacé par une édition révisée, ou

e amendé.

NOTE| L'attention des Comités natiomaux est attirée sur le fait que les fabricants d'appareils et les orgarfismes

d'essqi peuvent avoir besoin d'une période transitoire aprés la publication d'un nouveau document IEC, ol d'un

docunjent amendé ou révisé, pourfabriquer des produits conformes aux nouvelles exigences et pour adaptef leurs

équipgments aux nouveaux essais OU aux essais révises.

Le corpité recommande que le contenu du présent document soit adopté pour application nationale au plus t6t{2 ans

aprés |la date de publicatioh. La période transitoire s'applique spécifiquement au Tableau 7.
IMPORTANT — Le logo "colour inside™ qui se trouve sur la page de couverture du présent
document indique qu'il contient des couleurs qui sont considérées comme utiles a une bgnne
compré i : iti tent; S 1 i ce
document en utilisant une imprimante couleur.
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INTRODUCTION

La notion de sécurité est étroitement liée a la protection de l'intégrité des personnes et des
biens. La présente partie de I'lEC 60086 spécifie les exigences et essais pour les piles a
électrolyte aqueux. Elle a été établie conformément aux lignes directrices ISO/IEC en prenant
en compte les normes nationales et internationales correspondantes. Le présent document
donne également des recommandations pour les concepteurs d'appareils concernant les
compartiments de piles et des informations relatives a I'emballage, a la manipulation, a
I'entreposage et au transport.

La seécurité consiste en un équilibre entre I'absence de risques de dommages et d'autres
exiggnces auxquelles le produit doit satisfaire. La sécurité absolue ne peut pas étre assprée.
Mémg au niveau de sécurité le plus élevé, le produit ne peut offrir qu'une sécurité.relative.
A cef égard, la prise de décision repose sur une évaluation des risques et sur une appréciation
de la[sécurité.

Compte tenu des différents problémes posés par la sécurité, il n'est pas péssible de fournir un
ensemble de dispositions et de recommandations précises qui s'appliqguent a chaque|cas.
Cepgndant, le présent document, s'il est suivi de maniére judicieuse,c'est-a-dire en "l'utilisant
lorsqu'il est applicable", fournit des dispositions suffisamment cohérentes en matiére de
sécufité.
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PILES ELECTRIQUES -

Partie 5: Sécurité des piles a électrolyte aqueux

1 Domaine d'application

La présente partie de I'lEC 60086 spécifie les essais et exigences pour les piles a électrolyte
aquepx afin d'assurer leur fonctionnement siir dans les conditions d'utilisation prévue et'en cas
de mpuvais usage raisonnablement prévisible.

2 Reéférences normatives

Les documents suivants sont cités dans le texte de sorte qu'ils constituent,-pour tout ou partie
de lgur contenu, des exigences du présent document. Pour les références datées, seule
I'éditlon citée s'applique. Pour les références non datées, la derniére-édition du documept de
référence s'applique (y compris les éventuels amendements).

IEC 60086-1:2015, Piles électriques — Partie 1: Généralités

IEC 60086-2:2015, Piles électriques — Partie 2: Spécifications physiques et électriques

3 Termes et définitions
Pourl|les besoins du présent document, les termes et définitions suivants s'appliquent.

L'ISQ et I'IEC tiennent a jour des bases*de données terminologiques destinées a étre utillsées
en ngrmalisation, consultables aux.adresses suivantes:

EC Electropedia: disponible-a I'adresse http://www.electropedia.org/

$0 Online browsing platform: disponible a I'adresse http://www.iso.org/obp

3.1
battgrie
un ol plusieurs«<eléments connectés électriquement de fagon permanente, placés darls un
boitigr, qui comporte des bornes, des marquages et des dispositifs de protection, etc., $elon
les bpsoins-de l'utilisation

[SOYREE: IEC 60050-482:2004, 482-01-04, [1], modifié — La définition a été révisée.]

3.2

élément bouton

pile bouton

petit élément ou petite pile de forme ronde dont la hauteur totale est inférieure au diamétre et
qui contient de I'électrolyte aqueux

Note 1 a l'article: Voir "(élément ou pile) bouton au lithium" dans I''EC 60086-1 et I'lEC 60086-2.

[SOURCE: IEC 60050-482:2004, 482-02-40, modifié — Le second terme "pile bouton" a été
ajouté, la définition a été révisée et la note a été remplacée par une nouvelle note.]
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3.3

élément
unité fonctionnelle de base, consistant en un assemblage d'électrodes, d'électrolyte, de
conteneur, de bornes et généralement de séparateurs, qui est une source d'énergie électrique
obtenue par transformation directe d'énergie chimique

[SOURCE: IEC 60050-482:2004, 482-01-01, modifié — La note a été supprimée.]

3.4

élément composant

elém

3.5

pile
élém
élém
au di

ent contenu dans une pile

cylindrique
ent cylindrique

Bmetre

[SOYRCE: IEC 60050-482:2004, 482-02-39, modifié — Dans la définition, "élément" 3
rempflacé par "élément rond ou pile ronde".]

3.6

ent rond ou pile ronde de forme cylindrique dont la hauteur totale est supérieure ou ¢gale

éte

utilisation conforme aux informations fournies avec un produit ou un systéme ou, en l'abslence

de te

utili}ation prévue

les informations, conforme aux profils d'utilisation~généralement entendus

[SOURCE: Guide ISO/IEC 51:2014, 3.6 [2]]

3.7
tens
U,

n

on nominale

<d'une pile> valeur approchée apprepriée d'une tension utilisée pour désigner ou identifi

élém

ent, une pile ou un systéme glectrochimique

er un

[SOYRCE: IEC 60050-482:2004, 482-03-31, modifié — Le domaine et le symbole onf été
ajoutps.]

3.8
pile
élém

3.9

pile
élém

ent ou pileé.qui n'est pas congue pour étre rechargée électriquement

éIémEnt parallélépipédique

ent ou pile ayant la forme d'un parallélépipéde dont les faces sont rectangulaires

[SOURCE: IEC 60050-482:2004, 482-02-38, modifié — "élément" et "pile" ont été ajoutés au
terme, et "qualifie un élément ou une batterie" a été remplacé par "élément ou pile".]

3.10
disp

ositif de protection

dispositif tel que coupe-circuit a fusibles, diode ou autre limiteur de courant électrique ou
électronique congu pour interrompre la circulation du courant dans un circuit électrique
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mauvais usage raisonnablement prévisible
utilisation d'un produit ou d'un systéme dans des conditions ou a des fins non prévues par le

fourn

isseur, mais qui peut provenir d'un comportement humain envisageable

[SOURCE: Guide ISO/IEC 51:2014, 3.7, modifié — Les notes ont été supprimées.]

3.12
élém

ent rond

pile ronde
élément ou pile de section circulaire

2021

3.13
sécu
abse

[sou

3.14
non

rité
nce de risque intolérable

RCE: Guide ISO/IEC 51:2014, 3.14]

Héchargé

état de charge d'une pile qui correspond a une profondeur de décharge de 0 %

4 E

4.1
411

Les
des ¢

4.1.2

Fxigences relatives a la sécurité
Conception
Généralités

iles doivent étre congues de maniére a'ne présenter aucun danger pour la sécurité
onditions d'utilisation normale (prévue).

Dégazage

Toutgs les piles doivent incorporer une fonction de limitation de la pression, ou doivent

cons
et un
les

d'eng
ni co

ruites de maniére a éviter un dégagement de pression interne excessive, selon une v,
débit qui empéchent les explosions. Si une encapsulation est nécessaire pour mair

apsulation ne daivent pas provoquer une surchauffe de la pile en fonctionnement ng
mpromettre la fonction de limitation de la pression.

Lem

tériau du boftier de la pile et/ou son assemblage final doivent étre congus de sorte

en cas de“dégazage d'un ou de plusieurs éléments, le boitier de la pile ne présente p3
dangerzntrinséque.

dans

étre
aleur
tenir

bléments a l'intérieur d'un boitier externe, le type d'encapsulant et la méthode

rmal

que,
s un

4.2

Plan qualité

Le fabricant doit préparer et mettre en ceuvre un plan qualité qui définit les procédures
d'examen des matériaux, des composants, des éléments et des piles au cours de la fabrication,
et qui doit étre appliqué a I'ensemble du processus de production d'un type de pile spécifique.
Il convient que les fabricants comprennent leurs capacités de processus et qu'ils engagent les
contrbles de processus nécessaires lorsque ces processus impliquent la sécurité des produits.
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5 Echantillonnage

5.1 Généralités

Il convient de prélever des échantillons dans les lots de production conformément aux
méthodes statistiques acceptées. Ces échantillons doivent satisfaire aux exigences de
dimensions et de tension en circuit ouvert spécifiées dans I'lEC 60086-2. Les échantillons qui
ne satisfont pas a ces exigences doivent étre rejetés, et de nouveaux échantillons doivent alors
étre choisis.

5.2 _Echantillonnage pour les essais de type

Le ngmbre d'échantillons prélevés pour les essais de type est indiqué a la Figure 1.

Tension en circuit ouvert (n = 70)
Dimensions (n = 70)

Utilisation
prévue
Mauvais usage
raisonnablement
\ B-1 B-2 A prévisible
Utiligation Choc pendant Vibrations pendant |Climatique
parfelle le transport le transport
(n ¥ 5) (n=95) (n=15) (n=95)
D E F G
Installation Court-circuit Décharge Chute
ineorrecte, externe excessive, librg
voir NOTE 1 voir NOTE 2
(n =20) (n=5) (n =20) (n=1%)

IEC

NOTE|1 Quatre piles connectées en.Série en inversant I'une des quatre piles (5 jeux).

NOTE|2 Quatre piles connectées‘en série dont I'une est déchargée (5 jeux).

Figure 1 — Echantillonnage pour les essais et nombre de piles exigé

5.3 | Validité des essais

Les élémentsou piles a électrolyte aqueux doivent étre soumis aux essais, conformémenit aux
exiggncesdu. présent document. Les essais demeurent valides jusqu'a une modification de la
conception) ou une révision des exigences. De nouveaux essais sont exigés dans leg cas
suivgnts.

a) la spécification de la masse de la pile varie de plus de 0,1 g ou 20 %, si cette derniére
valeur est la plus élevée, pour la cathode, I'anode ou I'électrolyte;

b) une modification des spécifications de la pile entraine un échec a I'un des essais;
c) de nouveaux essais ou de nouvelles exigences sont formulés; ou

d) la modification d'une exigence entraine un échec a I'un des essais.
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6 Essais et exigences

6.1 Généralités

6.1.1 Essais de sécurité applicables

Le Tableau 1 répertorie les essais de sécurité applicables. Les essais décrits dans le Tableau 2
et le Tableau 6 ont pour objet de simuler les conditions que la pile est susceptible de rencontrer
au cours de l'utilisation prévue et en cas de mauvais usage raisonnablement prévisible.

Tableau 1 — Matrice d'essai

Tension Essais applicables
Lettre nominale 2
du Elc'actrc)de Electrolyte Elect.r.ode par £l A B-1 c D E F G
négative positive 12 o B-2
systeme élément w
\Y
Pas|de Zinc (Zn) Chlorure | Dioxyde de 1,5 R X X X X X X X
letfre d'ammoniu | manganése
m, (MnO,) B NR
Chlor.ure Pr X X X X X X X
de zinc
X X X NR X NR X
A Zinc (Zn) Chlorure Oxygeéne 1,4 R X X X NR X X X
d'ammoniu (0,)
m NR
Chlor.ure RPr X X X X X X X
de zinc
M X X X NR X X X
i Zinc (Zn) Hydroxyde | Dioxyde de 1¢5 R X X X X X X X
de manganése
métal (MI"IOZ) X X X NR X NR X
alcalin Pr X X X X X X X
M X X X NR X NR X
H Zinc (Zn) Hydroxyde Oxygene 1,4 ou 1,45 NR
de (O,)
métal B | NR|NR | NR | NR | NR | NR|NR
alcalin Pr X X X X X X X
NR
S Zinc (Zn) Hydroxyde Oxyde 1,55 X X X NR X NR X
de d'argent
métal (Ag,0) B X X X NR X NR X
alcalin Pr X X X X X X X
M NR
Desclriptif des essais: Légende
A: stdckage apres utilisation partielle R:  cylindrique (3.5) X: exigé
B-1: —choc pendant Ie transport B: boufon (3.2) NR: non exigé
B-2: vibrations pendant le transport Pr: monoélément
C:  cycles de températures (climatiques) parallélépipédique (3.11)
D installation incorrecte M:  multiélément
E court-circuit externe
F: décharge excessive
G chute libre
Si nécessaire, suivre les conditions de décharge de I'essai de capacité spécifié dans I'lEC 60086-2. Les éléments
ou piles boutons des systemes L et S d'une masse inférieure a 3,5 g sont exemptés des essais.
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6.1.2 Mention de mise en garde

pas

prises.

AVERTISSEMENT - Les essais spécifiés dans le présent document font appel a des
procédures qui peuvent entrainer des blessures si des précautions appropriées ne sont

Lors de la rédaction de ces essais, il a été admis par hypothése qu'ils seraient effectués
par des techniciens qualifiés et expérimentés qui utilisent des équipements de
protection adéquats.

6.1.3 Température ambiante

Sauf

de 20 °C £ 5 °C.

6.2
6.2.1

Une

de 2% cm de la pile.

6.2.2 Feu

Un fgu se caractérise par I'émission de flammes au¢iveau de I'élément ou de la pile sol
a l'egsai.

6.2.3 Fuite

Une fuite se caractérise par une perte imprévue d'électrolyte au niveau d'un élément ou

pile.

6.2.4 Dégazage

Und

d'ung pile de maniére prévuepar la conception pour empécher une explosion.

spécification contraire, les essais doivent étre effectués a une température>amb

Evaluation des critéres d'essai
Explosion

bxplosion se caractérise par I'expulsion soudaine de fragments'solides de la batterie §

bgazage se caractériseparun dégagement de pression interne excessive d'un éléme

iante

plus

mise

i'une

nt ou

6.3 | Utilisation prévue
6.3.1 Essais et.exigences dans les conditions d'utilisation prévue
Tableau 2 — Essais et exigences dans les conditions d'utilisation prévue
Essai Simulation d'utilisation prévue Exigences
Essai électrique A Stockage apreés utilisation partielle Aucune fuite (NL)
Aucun feu (NF)
Aucune explosion (NE)
Essais d'environnement B-1 | Choc pendant le transport Aucune fuite (NL)
Aucun feu (NF)
Aucune explosion (NE)
B-2 | Vibrations pendant le transport Aucune fuite (NL)
Aucun feu (NF)
Aucune explosion (NE)
Essais de températures C Cycles de températures Aucun feu (NF)
(climatiques) (climatiques) Aucune explosion (NE)
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6.3.2 Procédures d'essai dans les conditions d'utilisation prévue

6.3.2.1 Essai A — Stockage apreés utilisation partielle

a)

b)

Objet
Cet essai simule la situation dans laquelle un appareil est mis hors tension et les

2021

piles

installées sont partiellement déchargées. Les piles peuvent étre laissées dans l'appareil
pendant une durée prolongée, ou étre enlevées de Il'appareil et stockées pendant

longtemps.
Procédure d'essai

Une pile non déchargée se décharge dans les conditions d'application ou lors d'un essai de

capacité, avec la charge définie dans I'lEC 60086-2 déterminée a partir de la durée d'
d plus longue jusqu'a ce que la durée de vie en service chute de 50 % de la valeur
durée moyenne minimale (MAD, Minimum Average Duration) la plus élevée. ‘Ka pil
ehsuite stockée a 45 °C £ 2 °C pendant 30 jours.
L

tgmpérature. Un bref dépassement de la température est admis pendant la pé
triansitoire.

Exigences

lllne doit se produire aucune fuite, ni feu ou explosion pendanticet essai.

6.3.2.2 Essai B-1 — Choc pendant le transport

b)

Objet

Cet essai simule la situation dans laquelle un appareil tombe par négligence avec les
installées a lintérieur. Cette condition d'essali est généralement spécifiée
I'IEC 60068-2-27 [3]".

Procédure d'essai

ne pile non déchargée doit étre soumise a I'essai suivant.

—

essai de chocs doit étre effectué.dans les conditions définies dans le Tableau 3
prdre indiqué dans le Tableau 4.

mpulsion de chocs — L'impulsion de chocs appliquée a la pile doit correspondre a ¢
it

(2]

Tableau 3 — Impulsion de chocs

pssai
de la
b est

h tolérance de % 2 °C sur la température s'applique a la période de‘“maintien de la

riode

piles
dans

selon

e qui

Accélération Forme d'onde

\ccélération moyenne minimale Accélération de créte
trois premiéres millisecondes

75 g, 125 ¢, a 175 g, Semi-sinusoidalg

NOTE ¢,=/9,806 65 m/s2.

1

Les chiffres entre crochets renvoient a la Bibliographie.
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Tableau 4 — Séquence de I'essai de chocs

Etape Durée de stockage Orientation de la pile Nombre de chocs Périodes de réalisation
de I'examen visuel

o o b~ W N

- - - Avant I'essai

- a 1 chacun -
- a 1 chacun -
- a 1 chacun -

1h - - -

_ _ _ Apras I .

Lé choc doit étre appliqué dans chacune des trois directions mutuellement perpendiculaires.

Etape 1 Enregistrer la tension en circuit ouvert conformément au 5.2,

Etapes 2 a 4 Réaliser I'essai de chocs spécifié dans le Tableau 3 selon 'ordre indiqué
le Tableau 4.

Etape 5 Laisser la pile au repos pendant 1 h.

Etape 6 Enregistrer les résultats de I'examen.

Exigences

ne doit se produire aucune fuite, ni feu ou explosion pendant cet essai.

6.3.2.3 Essai B-2 — Vibrations pendant le transport

dans

a) Qbjet
Cet essai simule les vibrations occasionnées\pendant le transport. Cette condition d'gssai
ept généralement spécifiée dans I'lEC 60068-2-6 [4].
b) Procédure d'essai
Une pile non déchargée doit étre solmise a I'essai suivant.
Llessai de vibrations doit étre effectué dans les conditions d'essai suivantes selon I'prdre
indiqué dans le Tableau 5.
Vjbrations — Un mouvement harmonique simple doit étre appliqué a la pile, avecg une
amplitude de 0,8 mm et une excursion maximale totale de 1,6 mm. La fréquence doif étre
modulée a raison de tnHz/min entre les limites de 10 Hz et de 55 Hz. L'ensemble de la plage
de fréquences aller\(10 Hz a 55 Hz) et retour (55 Hz a 10 Hz) doit étre traversée en
(90 £ 5) min pour e¢haque position de montage (sens des vibrations).
Tableau 5 — Séquence de l'essai de vibrations
Etape Daree de stockage Orientation de la pile | Durée d'application des | Périodes de réalisation
vibrations de I'examen visyel
1 - - - Avant I'essai
2 - a (90 £ 5) min chacun -
3 - a (90 £ 5) min chacun -
4 - a (90 £ 5) min chacun -
5 1h - - -
6 - - - Aprés l'essai
@ Les vibrations doivent étre appliquées dans chacune des trois directions mutuellement perpendiculaires.
Etape 1 Enregistrer la tension en circuit ouvert conformément au 5.2.

Etapes 2 a 4 Appliquer les vibrations spécifiées en 6.3.2.3 selon I'ordre indiqué da
Tableau 5.

ns le
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Etape 5 Laisser la pile au repos pendant 1 h.
Etape 6 Enregistrer les résultats de I'examen.
c) Exigences
Il ne doit se produire aucune fuite, ni feu ou explosion pendant cet essai.

6.3.2.4 Essai C — Cycles de températures (climatiques)
a) Objet

Cet essai évalue l'intégrité de I'étanchéité de la pile, qui peut étre compromise aprés les
cycles de températures.

b) Procédure d'essai
Une pile non déchargée doit étre soumise a I'essai selon la procédure suivante,
Procédure de cycles de températures (voir 1) a 7) ci-dessous et/ou Figure 2)

1) Placer les piles dans une enceinte d'essai et porter la température’de I'enceipte a
70 °C £ 5 °C en ¢4 = 30 min.

2) Maintenir I'enceinte a cette température pendant ¢, = 4 h.

3) Abaisser la température de I'enceinte a 20 °C £ 5 °C en 74-=.80 min et maintenir [cette
température pendant 15 = 2 h.

4) Abaisser la température de I'enceinte a 20 °C + 5 °C*en’ ¢4 = 30 min et maintenir [cette
température pendant ¢, = 4 h.

Porter la température de I'enceinte @ 20 °C £ 5.°C en 7y = 30 min.

Répéter la séquence sur neuf cycles supplémentaires.

~N O O

Aprés le 10¢ cycle, stocker les piles pendant 7 jours avant de les examiner.

1) 13

JEN Y S

A

Y
“A
Y

IEC

t, = 3$0'min
t, =4h
t, =2h

Figure 2 — Procédure de cycles de températures

c) Exigences
Il ne doit se produire aucun feu ni explosion pendant cet essai.
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6.4

Mauvais usage raisonnablement prévisible

6.4.1 Essais et exigences en cas de mauvais usage raisonnablement prévisible

Tableau 6 — Essais et exigences en cas de mauvais usage raisonnablement prévisible

Essai Simulation de mauvais usage Exigences

Essais électriques D Installation incorrecte Aucun feu (NF)

Aucune explosion (NE)?

E Court-circuit externe Aucun feu (NF)
Aucune explosion (NE)

F Décharge excessive Aucun feu (NF)
Aucune explosion (NE)

Essal| d'environnement G Chute libre Aucun feu (NF)

Aucune explosion (NE)

Vpir NOTE 2 du 6.4.2.1 b).

6.4.2 Procédures d'essai en cas de mauvais usage raisonnablement prévisible

6.4.2.1 Essai D — Installation incorrecte (quatre piles en série)

c)

Objet

rocédure d'essai

P

Quatre piles non déchargées de la méme marque, du méme type et de la méme o
dpivent étre connectées en série; la pile (B1)-est inversée, comme cela est représent
Fjgure 3. Le circuit doit étre maintenu pendant 24 h ou jusqu'a ce que la températu
bpitier de la pile revienne a la température*ambiante.

L

h résistance des circuits d'interconnpexion ne doit pas dépasser 0,1 Q.

+ +||—

IEC

Figure 3 — Schéma de circuit d'une installation incorrecte (quatre piles en série

NPTE 1 Lée circuit de la Figure 3 simule un mauvais usage type.

NPTE 2 )Les piles ne sont pas congues pour étre chargées. Cependant, si une pile est inversée dans un

Cet essai simule la situation dans laquelle I'une des piles d'un jeu de piles est inversée.

igine
ala
e du

circuit
Eme si

qui.cemporte trois piles ou plus montées en série, la pile inversée s'expose a une condition de charge. M

les_piles cylindriques sont concues pour éviter un dégagement de pression interne excessive il est pd

qu'une explosion ne puisse pas étre exclue dans certains cas.

Exigences

ssible

Il ne doit se produire aucun feu ni explosion pendant cet essai (voir NOTE 2 du 6.4.2.1 b)).

6.4.2.2 Essai E — Court-circuit externe

a)

b)

Objet

Ce mauvais usage peut survenir au cours de la manipulation quotidienne des piles.
Procédure d'essai

Une pile non déchargée doit étre connectée de la maniére indiquée a la Figure 4. Le c

ircuit

doit étre maintenu pendant 24 h ou jusqu'a ce que la température du boitier de la pile

revienne a la température ambiante. La résistance des circuits d'interconnexion ne doi
dépasser 0,1 Q.

t pas
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c)

6.4.2r3—Essal F—Décharge excessive

a)

b)

6.4.2.4 Essai G — Essai de chute libre

- 60 - IEC 60086-5:2021 © |IEC

IEC

Figure 4 — Schéma de circuit d'un court-circuit externe

Exigences
Il ne doit se produire aucun feu ni explosion pendant cet essai.

2021

Qbjet

Cet essai simule et évalue la situation dans laquelle une pile déchargée est placee dafs un

clrcuit avec des piles non déchargées (c'est-a-dire lorsque des piles neuves‘sont instg
cpnjointement avec des piles usagées ou anciennes).

Procédure d'essai

Une pile non déchargée (C1) se décharge dans les conditions d‘application ou lors
epsai de capacité, avec la valeur MAD la plus élevée (exprimée_ en-unités de temps) d¢
dans I'lEC 60086-2, jusqu'a ce que la tension en charge chute a (n x 0,6 V) ou n ¢
npmbre d'éléments dans la pile. Ensuite, trois piles,nhonh déchargées et une
degchargée (C1) de marque, de type et d'origine identiques\doivent étre connectées en
de la maniére représentée a la Figure 5. La décharge doijt étre poursuivie pendant 24
L
o}
v
d

A valeur de la résistance (R1) doit étre égale a environ quatre fois la valeur la plus f
btenue lors des essais de charge résistive spégifies pour la pile dans I'lEC 60086-
bleur finale de la résistance (R1) doit étre la valeur la plus proche de celle spécifiée e
b |'|[EC 60086-1:2015.

R1

IEC

Figure 5'~ Schéma de circuit d'une décharge excessive

Exigences
[l{ne doit se produire aucun feu ni explosion pendant cet essai.

Qpbjet
Cetessai simule la situation dans laquelle une pile tombe de maniére accidentelld

llées

d'un
bfinie
st le
pile
série
h.

aible
. La
n 6.4

La

74

condition d'essal estissue de I"TEC 60068-2-31 15T
Procédure d'essai

Des piles d'essai non déchargées doivent étre lachées d'une hauteur de 1 m sur une su

rface

en béton. Chaque pile d'essai doit étre lachée a six reprises: une pile parallélépipédique
une fois sur chacune de ses six faces et une pile cylindrique deux fois dans chacun des
trois axes représentés ala Figure 6. Les piles d'essai doivent ensuite étre stockées pendant

1h.
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c)

7

7.1

Lorsqu'elles sont utilisées correctement, les piles a électrolyte agueux fournissent une s¢
de plissance sire et fiable. Cependant, le mauvais usage'd'une pile ou des néglige
d'util{sation peut entrainer une fuite voire, dans des cas extrémes, un feu et/ou une explo

a)

b)

IEC

Figure 6 — Axes XYZ pour la chute libre

Exigences

ne doit se produire aucun feu ni explosion pendant cet essai.
Informations de sécurité

Précautions au cours de la manipulation des piles

Tpujours insérer les piles correctement en respectant’'les polarités (+ et —) marquées 3
pl|le et sur l'appareil.

Les piles qui ne sont pas placées correctement.dans I'appareil peuvent subir un court-g
ol se charger. Cela peut donner lieu a unzéchauffement rapide susceptible de provq
h dégazage, une fuite ou une explosian ‘et d'occasionner des blessures corporelle
gporter a I'Annexe B pour plus d'informations.

= C

Ne pas mettre les piles en court-circuit.

Sj les bornes positive (+) et négative (-) d'une pile sont en contact électrique entre ell¢
pl|le subit un court-circuit. Pariexemple, les piles placées en vrac dans une poche et/ou
uh sac a main qui contientdes clés ou des piéces de monnaie peuvent subir un court-ci
Cela peut entrainer un dégazage, une fuite ou une explosion et occasionner des blesj
cprporelles.

Tenir les piles hprs-de portée des enfants.
Tenir les piles\hors de portée des enfants, en particulier celles considérées co
stisceptibles’d'étre avalées compte tenu du gabarit d'ingestion représenté a la Figure
c

bs d'ingestion d'un élément ou d'une pile, il convient que la personne concernée con
gpidement un médecin. Lorsqu'ils sont ingérés, les éléments boutons de moins de 2

—

urce
nces
sion

ur la

ircuit
quer
5. Se

s, la
dans
rcuit.
bures

mme
/. En
sulte
V ne

éléménts ont traversé |'cesophage, la pratigue médicale établie consiste a surveill

spnt pas susceptibles d'occasionner des bralures chimiques a court terme. Si dg tels

ler et

faciliter leur élimination par les voies naturelles.
NOTE 1 Pour plus d'informations, se reporter a I'Article D.1 de I'"Annexe D.

NOTE 2 Pour des informations générales sur les dangers, voir [6].
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d)

g)

h)

Tpute tentative de charge d'une pile non rechargeable peut prevoquer un dégage
terne de gaz et/ou de chaleur et ainsi entrainer un dégazageune fuite ou une explpsion
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IEC

Figure 7 — Gabarit d'ingestion

N pas charger les piles.

=

pes différents.

brs du remplacement de piles, remplacer simultanément toutes les piles par des
buves de marque et type identiques:

brsque des piles de marque ‘o type différent sont utilisées ensemble ou que des

b maniére excessive en“raison d'une différence de tension ou de capacité. Cela
htrainer un dégazage, “une fuite ou une explosion et peut occasionner des bless
brporelles.

[l{convient de retirer immédiatement de 'appareil les piles déchargées et de les mett
rébut conformément a la réglementation.

Lprsque deS_piles déchargées restent pendant une durée prolongée a l'intérieur
appareil, (afuite d'électrolyte peut provoquer des dommages a I'appareil et/ou des bless
cprporelies.

L
n
L
nguves et anciennes sont utilisées ensemble, certaines d'entre elles peuvent se décharger
d
e
c

ment

ef occasionner des blessures corporelles.

Ne pas forcer la décharge des piles.

Lprsque la décharge des piles est forcée par une source’ d'énergie externe, la tension [de la
p|le est forcée au-dessous de sa capacité de conception et des gaz sont produits a I'intérieur
dg la pile. Cela peut entrainer un dégazage, une\fuite ou une explosion et occasionnef des
blessures corporelles.

Ne pas installer conjointement des piles anpciennes et neuves ou des piles de marques ou
ty

piles

piles

peut
bures

[e au

d'un
ures

l\1e pas exposer les piles a la chaleur

Lorsqu'une pile est exposée a Ta chaleur, un dégazage, une fuite ou une explosion peuvent

se produire et occasionner des blessures corporelles.

Ne pas souder ou braser directement sur des piles.

La chaleur dégagée par le soudage ou le brasage direct sur une pile peut provoquer des

courts-circuits internes et ainsi entrainer un dégazage, une fuite ou une explosion, et
occasionner des blessures corporelles.

Ne pas démonter les piles.

peut

Lorsqu'une pile est démontée ou démantelée, le contact avec les composants peut étre

dangereux et peut provoquer des blessures corporelles, voire un feu.


https://iecnorm.com/api/?name=098266907d65e48fae194811d5901dba
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