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INTERNATIONAL ELECTROTECHNICAL COMMISSION

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

FOREWORD

1) The International Electrotechnical Commission (IEC) is a worldwide organization for standardization comprising

This|redline version of the official IEC Standard allows the user to identify the cha

rnational co-operation on all questions concerning standardization in the electrical and electronie fiel
end and in addition to other activities, IEC publishes International Standards, Technical~Specific

national electrotechnical committees (IEC National Committees). The object of IEC is_to ,promote

fis. To
tions,

Tdchnical Reports, Publicly Available Specifications (PAS) and Guides (hereafter referred to as| “IEC

rested

in|the subject dealt with may participate in this preparatory work. International, govefnmental andq non-

ernmental organizations liaising with the IEC also participate in this preparation. [EC collaborates glosely

with the International Organization for Standardization (ISO) in accordance with\(Conditions determined by

tional
bm all

tional
bf IEC

Pdblications is accurate, IEC cannot be held responsible forlthe way in which they are used or fgr any

Inforder to promote international uniformity, IEC National*Committees undertake to apply IEC Publidations
trgnsparently to the maximum extent possible in theirjational and regional publications. Any diverngence
beftween any IEC Publication and the corresponding national or regional publication shall be clearly indicdted in

latter.

essment services and, in some areas, accéss to IEC marks of conformity. IEC is not responsible f
sefvices carried out by independent certification bodies.

All users should ensure that they have the latest edition of this publication.

Nq liability shall attach to IEC or its(directors, employees, servants or agents including individual exper
mgmbers of its technical committe€s,;'and IEC National Committees for any personal injury, property dam

itself does not provide any attestation of conformity. Independent certification bodies provide confprmity

br any

s and
hge or

other damage of any nature whatsoever, whether direct or indirect, or for costs (including legal feeg) and
expenses arising out of the publication, use of, or reliance upon, this IEC Publication or any othgr IEC

Pyblications.

Attention is drawn to theyNormative references cited in this publication. Use of the referenced publicati
indispensable for the"correct application of this publication.

Atjention is drawn\to the possibility that some of the elements of this IEC Publication may be the sub
paent rights. [ECshall not be held responsible for identifying any or all such patent rights.

tothe previous edition. A vertical bar appears in the margin wherever a ch

bns is

ect of

nges
ange



https://iecnorm.com/api/?name=bd45ec6bbac36532dbed32c591ac2f18

-6- IEC 60086-5:2016 RLV © |IEC

2016

International Standard IEC 60086-5 has been prepared by IEC Technical Committee 35:
Primary cells and batteries.

This fourth edition cancels and replaces the third edition published in 2011. This edition
constitutes a technical revision.

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

a) The definition of explosion was changed to suitable sentence in order to harmonize in
IEC 60086 series;

b) T
c) T

s
d) T

p prevent removal of hydrogen gas, we revised it to the suitable sentence,

b prevent misuse, the battery compartments with parallel connections were revised {
Llitable sentence.

p clarify the method to determine the insulation resistance.

The {ext of this standard is based on the following documents:

Full i
votin

This

A list
can |

The
the s

FDIS Report on voting
35/1360/FDIS 35/1361/RVD

nformation on the voting for the approval of this standard can be found in the repg
j indicated in the above table.

publication has been drafted in accordance with‘the ISO/IEC Directives, Part 2.

of all parts in the IEC 60086 series, published under the general title Primary batté
e found on the IEC website.

committee has decided that the-gontents of this publication will remain unchanged
tability date indicated on theé)IEC website under "http://webstore.iec.ch" in the

relat¢d to the specific publication(l At this date, the publication will be

e regconfirmed,

o W

ithdrawn,

o r¢placed by a revised edition, or

e a

mended.

o the

rt on

pries,

until
data

IMPC
that

DRTANT - The “colour inside” logo on the cover page of this publication indig

ates
ding

t.contains colours which are considered to be useful for the correct understan

of itstontents- Users shoutd therefore print this publicatiomusingacotour 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 standard is
guidance for appliance designers with respect to battery compartments and information
regarding packaging, handling, warehousing and transportation.

only pe relatively safe. In this respect, decision-making is based on risk evaluation and\safety
judgg¢ment.

As safety will pose different problems, it is impossible to provide a set of precise provisions
and tecommendations that will apply in every case. However, this standard,when followgd on
a judicious "use when applicable" basis, will provide reasonably consistent standards for
safetly.
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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 aqu

2016

eous

electrolyte to ensure their safe operation under intended use and reasonably foreses
misuge.

2 ormative references

bable

The {ollowing documents, in whole or in part, are normatively referenced. in-this document and

are indispensable for its application. For dated references, only the edition cited applies
undated references, the latest edition of the referenced document (including
amendments) applies.

IEC $¢0086-1:2044, Primary batteries — Part 1: General

IEC $0086-2:2044, Primary batteries — Part 2: Physicaldand electrical specifications

IEC $0068-2-6, Environmental testing — Part 2-6: Tests — Test Fc: Vibration (sinusoidal)
IEC 60068-2-27, Environmental testing — Part\2-27: Tests — Test Ea and guidance: Shock

IEC $0068-2-31, Environmental testing.'< Part 2-31: Tests — Test Ec: Rough handling sh
primarily for equipment-type specimens

3 Terms and definitions

For the purposes of this.document,-the-terms-and-definitions—given-inHEC-60086-1-as—w

the following terms and)definitions apply.

NOTE| Certain definjtions taken from IEC 60050-482, IEC 60086-1, and IEC Guide 51 are repeated bel
convehience.

3.1

. For
any

bcks,

w for

battgry
one MMWMWWM i i i

markings and protective devices etc., as necessary for use
[SOURCE: IEC 60050-482:2004, 482-01-04, modified definition]

3.2
button (cell or battery)

nals,

small round cell or battery where the overall height is less than the diameter;i—batteries

complying-with-Figures-3-and-4-of-lEC-60086-2

Note 1 to entry: In English, the term "button (cell or battery)" is only used for non-lithium batteries while the term
"coin (cell or battery)" is used for lithium batteries only. In languages other than English, the terms "coin" and

"button" are often used interchangeably, regardless of the electrochemical system.
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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

chem
[SOU

3.4

ical energy

RCE: IEC 60050-482:2004, 482-01-01]

component cell
cell contained in a battery

3.5

cylir]jdrical (cell or battery)

roun

cell or battery with a cylindrical shape in which the overall height is equal to or gr

than fthe diameter

bater |

[SOURCE: IEC 60050-482:2004, 482-02-39, modified ("cell with a cylindrical shape" replaced
by "rpund cell or battery")]

3.6

explpsion (battery explosion)

an inctantaneocus relesse wherein colid matter from anv nart*of the hattarvy ic nronelledl to o
dHHASEHaReodsFerease-WnRereii—SsodaRatter oM afy-part—ortneoateryISpropereqgto—a
e

the cgll or battery opens and solid components are fogCibly expelled

3.6
harm

3.7
fire
flame

3.8

intendeduse

use
such
[SOU

3.9

s are emitted from the test cell or battery

3

in accordance with information provided with a product or system, or, in the absence of

information, by generally understood patterns of usage

RCE: ISO/IEC Guide 51:4999 2014, 3.6]

leakage

unpla

[SOU

nned escape of electrolyte;gas-erothermaterial from a cell or battery

RCE: IEC 60050-482:2004, 482-02-32]
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3.10

nominal voltage (of a primary battery)

Vn

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 a primary battery)" and
symbol 7,)]

3.11
primary (cell or battery)
cell gr battery that is not designed to be electrically recharged

3.12
prismatic (cell or battery)
cell gr battery having the shape of a parallelepiped whose faces are rectangular

[SOYRCE: IEC 60050-482:2004, 482-02-38, modified (deletion of "qualifigs a")]

3.13
protéective devices
deviges such as fuses, diodes or other electric or electronic current limiter designed to
interjupt the current flow in an electrical circuit

3.14
reaspnably foreseeable misuse
use ¢f a product;—precess or-service system in a‘way not intended by the supplier, but which
may fan result from readily predictable human-behaviour

[SOURCE: ISO/IEC Guide 51:1999, 3.14, modified ("process or service" replaced bl "or
systgm" and "may" replaced by "can" aidd deletion of the Note)]

3.15
round (cell or{battery)
cell gr battery_with circular cross section

3.16
safety
freedom from-unaecceptable risk which is not tolerable

[SOURCE: ISO/IEC Guide 51:4999 2014, 3.14]

3.17
undischarged
state of charge of a primary cell or battery corresponding to 0 % depth of discharge

3.18

venting

release of excessive internal pressure from a cell or battery in a manner intended by design to
preclude explosion
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4 Requirements for safety

4.1
411

Design

General

Batteries shall be so designed that they do not present a safety hazard under conditions of

norm

4.1.2

al (intended) use.

Venting

All batteries shall Incorporate a pressure relief feature or shall be so constructed that the

relie
enca
the n

e excessive internal pressure at a value and rate which will preclude expldsiq
bsulation is necessary to support cells within an outer case, the type of encapsulan
hethod of encapsulation shall not cause the battery to overheat during normal oper

nor imhibit the operation of the pressure relief feature.

The
one (

413

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

Insulation resistance

y will
n. If
t and
ation

nt of

The Insulation resistance between externally exposed metal-surfaces of the battery excliding

elect

appli

4.2

The
inspd
be a
unde
they

5

LhH.

5.1

Sam
meth

5.2

Fical contact surfaces and either terminal shall be not less than 5 MQ at 500 Vv
ed for a minimum of 60 seconds.
Quality plan

manufacturer shall prepare and implemetit a quality plan defining the procedures fg
ction of materials, components, cells, and batteries during the course of manufactu
bplied to the total process of producing a specific type of battery. Manufacturers s
Fstand their process capabilities.@nd should institute the necessary process contro
relate to product safety.

pampling

General

bles should tbe“drawn from production lots in accordance with accepted stati
ods.

Sampling for type approval

100V
oV

r the
e, to
hould
Is as

stical

The number of samples drawn for type approval 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 Cc misuse
PaJﬂ‘l Transportation- Transportation- ciimatic
ude shock vibration (n=5)
(n45) (n=5) (n=5)
D E F G
Incorrect External Over: Free
installation short discharge fall
see NOTE 1 circuit see(NOTE 2
(n = 20) (n=5) (n = 20) (n=5
IEC
NOTE|1 Four batteries connected in series with one of the four batteries reyersed (5 sets).
NOTE|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
6 Testing and requirements
6.1 | General
6.1.1 Applicable safety tests
Applicable safety tests are shown in-Table 1.

The {
likely

ests described in Tables 2 and 6 are intended to simulate conditions which the battery is
to encounter during intended use and reasonably foreseeable misuse.
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Table 1 — Test matrix

Nominal Applicable tests
System Negative Electrolvte Positive voltage E
letter electrode y electrode per cell I_E A B-1 c D E F G
Vv B-2
No letter Zinc (Zn) | Ammonium | Manganese 1,5 R X X X X X X X
chloride, dioxide
zZinc (MnO,) B NR
chloride Pr X X X X X X X
M X X X NR X X X
A Zinc (Zn) | Ammonium Oxygen T.% R X X X NR X X X
chloride, (0,)
Zinc NR
chloride Pr X X X X X X X
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,) B X X X NR X NR X
Pr X X X X X X X
X X X NR X NR X
H Zinc (Zn) | Alkali metal | Oxygen air 1,4 R NR
hydroxide (0,)
NR X X NR X NR X
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 (3.12)
C: climatic-temperature cycling M:  multicell
D: incorrect installation
E: external short cireuit
F: overdischarge
G: free fall
Systgms L and\.S'button cells or batteries under 250 mAh capacity and system P button cells or batteries dinder
700 mAh capacity are exempt from any testing.

6.1.2 Safety Cautionary notice

WARNING

These tests call for the use of procedures which-may 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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6.1.3 Ambient temperature

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

6.2 Intended use
6.2.1 Intended use tests and requirements

Table 2 — Intended use tests and requirements

Lad ded H Ladi R H %
T3St e aea—tuse—stHturaon egtHrements

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{ANE)

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)

6.2.2 Intended use test procedures

6.2.2(1 Test A — Storage after partial use
a) Hurpose

This test simulates the situation whenafh appliance is switched off and the insfalled
bptteries are partly discharged. These batteries may be left in the appliance for a|long
ti

me or they are removed from the appliance and stored for a long time.
b) Tlest procedure

T
Aln undischarged battery is discharged under an application/service output test condjition,
wlith the lowest resistive load test as defined in IEC 60086-2 until the service life falls by
5D % of the minimum avienage duration (MAD) value, followed by storage at 45 °C 5 °C
fqr 30 days.

¢) Hequirements
here shall be .nedeakage, no fire and no explosion during this test.

a) Hurpose

T
6.2.2(2 Test'B-1 — Transportation-shock
P
T

his test simulates the situation when an appliance is carelessly dropped with batl1eries
nstalled in it_This test caondition is gnnnrally annr*ifipd in |IEC 60068-2-27

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:
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Table 3 — Shock pulse

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

NOTE g, = 9,80665 m/s?.

Table 4 — Test sequence

Step| Storage time Battery orientation Number of shocks Visual examinatilon
periods
1 - — — Rre-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 each of three mutually perpendicular directions.
Sttep 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 Table 4.
Step 5 Rest battery for 1 h.
Sttep 6 Record examination results.
a) Requirements
There shall be no leakage, no fire and-no explosion during this test.
6.2.2.3 Test B-2 — Transportation-vibration
a) Hurpose
his test simulates vibration during transportation. This test condition is gengrally
becified in IEC 60068-2-6.
b) Tlest procedure

54 > 4 0 -

V
o]

n undischarged battery shall be tested as follows.

he vibration'test shall be carried out under the following test conditions and the sequ
Table 5-

bration — A simple harmonic motion shall be applied to the battery having an ampl
[ @,8-mm, with a total maximum excursion of 1,6 mm. The frequency shall be vari

th

enrfate of 1 Hz/min between the limits of 10 Hz and 55 Hz. The entire ran

ence

itude
ed at
e 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).


https://iecnorm.com/api/?name=bd45ec6bbac36532dbed32c591ac2f18

- 16 —

IEC 60086-5:2016 RLV © IEC 2016

Table 5 — Test sequence

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 Rosi-test
@ The vibration shall be applied in each of three mutually perpendicular directions.
Sttep 1 Record open circuit voltage in accordance with 5.2.
Steps 2to 4 Apply the vibration specified in 6.2.2.3 in the sequence in Table 5.
Step 5 Rest battery for 1 h.
Sttep 6 Record examination results.

c)

6.2.2.4

Rlequirements

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

Test C — Climatic-temperature cycling

a) Hurpose

b)

This test assesses the integrity of the battery” seal which may be impaired
tgmperature cycling.

Tlest procedure

Aln undischarged battery shall be tested“under the following procedure.
Temperature cycling procedure (seeil) to 7) below and/or Figure 2)
1

Place the batteries in a test chamber and raise the temperature of the chamb
70 °C + 5 °C within #; = 30, min.

Maintain the chamber_ at.this temperature for 1, = 4 h.

3) Reduce the temperature of the chamber to 20 °C £ 5 °C within #; = 30 min
maintain at this temperature for 13 =2 h.
4) Reduce the(temperature of the chamber to —20 °C + 5 °C within #; = 30 min

maintain atithis temperature for , = 4 h.

Raise thetemperature of the chamber to 20°C + 5 °C within #; = 30 min.
Repeat the sequence for a further nine cycles.

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

after

er to

and

and
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70 °C

— 17 -

20°C

-20°C

T
y
A

3

.
A

A

A

£

A
A

0 min

t, =4h

c) Requirements

6.3
6.3.1

Reasonably foreseeable misuse

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

Figure 2 — Temperature cycling procedure

Reasonably foreseeable misuse tests and requirements

Table 6 — Reasonably foreseeable ' misuse tests and requirements

IEC

Test

Misuse simulation

Requirements

Electfical tests

Incorrectinstallation

No fire (NF)
No explosion (NE)*

External short circuit

No fire (NF)
No explosion (NE)

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

No explosion (NE)

* Spe NOTE 2 of&.3:2.1b)

6.3.2

6.3.2.1

Reasonably foreseeable misuse test procedures

Test D — Incorrect installation (four batteries in series)

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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B1

IEC

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

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

NPTE 2 Primary batteries are not designed to be charged. However, reversed installation of a battey in a
sgries of three or more exposes the reversed battery to a charging condition. Although cylindrical battetips are
d¢signed to relieve excessive internal pressure, in some instances an explosion may not b@ pfecjuded.

Therefore—the usershould be clearlv advised -to-install batteries—correcthwith-reagard-to-polartvy+ and }to
—HHefretrores e uUsSer—Snota—oetteadyaaWHsSe a0 hStanr—oatteHe S CoHe ey WHnTegalratoporaHty=——ah 1O

afedebihie e s D
c) Requirements
There shall be no fire and no explosion during this test (see NOTE 2 0f'6.3.2.1b)).

6.3.2(2 Test E — External short circuit

a) Hurpose

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

A undischarged battery shall be connected as shown in Figure 4. The circuit shgll be
cpmpleted for 24 h or until the battery case temperature has returned to ambient{ The
g¢sistance of the inter-connecting circuitry shalknot exceed 0,1 Q.

—

N
N

IEC

Figure 4 = Circuit diagram for external short circuit

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

6.3.2.3 Test F\=.Overdischarge
a) Purpose

This testssimulates the condition when one (1) discharged battery is series-connected with
three\(3) other undischarged batteries.

b) Tlest pmr‘pdnrp

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 (n x 0,6 V).

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 in 6.4 of IEC 60086-1:2015.


https://iecnorm.com/api/?name=bd45ec6bbac36532dbed32c591ac2f18

IEC 60086-5:2016 RLV © IEC 2016 -19 -

c)

6.3.

a)

c)

7

71

T

IEC
Figure 5 — Circuit diagram for overdischarge

Requirements

.4 Test G — Free fall test

urpose

This test simulates the situation when a battery is accidentally dropped. Fhe test condition

based upon IEC 60068-2-31.
est procedure

ndischarged test batteries shall be dropped from a height of 1 mronto a concrete surface.
Ejach test battery shall be dropped six times, a prismatic batiery once on each of ifs six

fgces, a round battery twice in each of the three axes shown_in Figure 6. The test batteries
shall be stored for 1 h afterwards.

z

IEC

Figure 6 — XYZ axes for free fall

Rlequirements
There shall be_no_fire and no explosion during this test.

Information for safety

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)

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.

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)

d)

f)

k)
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Do not charge batteries

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

Do not force discharge batteries

When batteries are force discharged with an external power source, the voltage of the
battery 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.

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
sgmme bramd—and-type:

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

xhausted batteries should be immediately removed from equipment’ and properly
disposed of

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

o not heat batteries

ersonal injury.
o not weld or solder directly to batteries

he heat from welding or soldering directly to a battery may cause internal short-circiiiting

W\

m

O

When a battery is exposed to heat, venting, leakage and<explosion may occur and gause
p

O

T

regsulting in venting, leakage and explosion and\may cause personal injury.

o not dismantle batteries

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

0o not deform batteries

B

atteries should not be crushed, punctured, or otherwise mutilated. Such abuse|may
regsult in venting, leakage and‘explosion and cause personal injury.

o not dispose of batteries"in fire

ersonal injury. Do\not incinerate batteries except for approved disposal in a controlled

O

When batteries are tdisposed of in fire, the heat build-up may cause explosion| and
p

incinerator.

eep batteries\out of the reach of children

K

Elspecially 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 [seek
medical assistance promptly.

NOTE Refer to [3].1

1

Numbers in square brackets refer to the bibliography.
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IEC
Figure 7 — Ingestion gauge-{innerdimensions)

m) Do not allow children to replace batteries without adult supervision
n) Do not encapsulate and/or modify batteries
hcapsulation, or any other modification to a battery, may result in blockage of the
vent
d to

<FI’T‘I

bnt-—mechanism{s)—and-subsequent pressure relief vent¥mechanism(s) and/or pr

g¢moval of hydrogen gas generated in the batteriesc{see also B.6). This may le
ekplosion and personal injury. Advice from the battéry manufacturer should be sought if it
g considered necessary to make any modification;

o) Store unused batteries in their original packaging away from metal objects. If aljeady
trpacked, do not mix or jumble batteries.
n

packed batteries could get jumbled orget mixed with metal objects. This can gause
bpttery short-circuiting which may result”in venting, leakage and explosion and personal
iMjury; one of the best ways to avoid, this happening is to store unused batteries in|their
ofiginal packaging.

p) Hemove batteries from equipment if it is not to be used for an extended period of|time
unless it is for emergency purposes.

It| is advantageous to remove batteries immediately from equipment which has ceasgd to
fynction satisfactorily, or when a long period of disuse is anticipated (e.g.-stil-camgeras;
hotoflash; portableflighting, toys, etc.). Although most batteries on the market today are
fovided with protective jackets or other means to contain leakage, a battery that{ has
ben partiallytsor” completely exhausted may be more prone to leak than one that is
hused.

-

C OO O

7.2 | Packaging

The paekaging shall be adequate to avoid mechanical damage during transport, handling and
stackimg—The—materials—and—packaging—desigm—shatt—be—chosen—so—as—to——prevent the
development 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—may might result in battery

damage—and—impaired—electrical performance—and-—may—result—in. This can cause leakage,
explosion, or-pessibly fire.
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7.4
a)

b)

d)

e)

7.5

When loaded for transportation, battery packages should be so arranged to minimise the risk
of falling e.g. one from the top of another. They should not be stacked so high that damaT;

the

7.6

)
)

o Qo

(¢
~

a)

b)
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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 batterles are stored in warehouses or dlsplayed in retail stores, they should not be
in.

€
When batteries get wet, their insulation resistance decreases, self-discharge may ¢ccur
aphd rust may be generated.

O

o not mix unpacked batteries so as to avoid mechanical damage and/or short-dircuit
among each other.

When mixed together, batteries may be subjected to physical damage or overheating
r@sulting from external short circuit. Leakage and/or explosion may{then occur. To avoid
these possible hazards, batteries should be kept in their packagjngyuntil required for yse.

See Annex A for additional details

Transportation

e to
Ipwer packages occurs. Protection from inclement weather should be provided.

Disposal
o not dismantle batteries.

rimary batteries may be disposed of via the communal refuse arrangements, proyided

O
Oo not dispose of batteries in fire exeept under conditions of controlled incineration.
P
that no local rules to the contrary exist.

Where there is provision.fer the collection of used batteries, the following should be
cpnsidered:

e| Store collected batteries in a non-conductive container.

e| 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
propefly *ventilated, hydrogen gas can build up and explode in the presence ¢f an
ignition source.

¢| ‘Do not mix collected batteries with other materials. Since some used batteries may still

sontain-aresidual r\hargn +hn\/ could - be-short circuited r\hgrgnd or force - discha ged

The subsequent possible heat generation can ignite flammable wastes such as oily
rags, paper or wood and can cause a fire.

e Consider protecting used battery terminals, particularly those batteries with high
voltage, to preclude short circuits, charging and force discharging, for instance, by
means of covering battery terminals with insulating tape.

o 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.
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c)
d)
e)
f)

9.1

Clean the battery contacts and also 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.

Marking

General (see Table 7)

the

designation, IEC or common;

ekpiration of a recommended usage period or year and month or week @ef‘\manufagture.
he year and month or week of manufacture may be in code;

Batteries designated in IEC as small, mainly .category 3 and category 4 batteries have a

surface too small to accommodate all matkings shown in 9.1. For these batterie$ the

designation 9.1 a) and the polarity 9.1.¢) shall be marked on the battery. All pther
arkings shown in 9.1 may be given on.the immediate packing instead of on the battgry.

or P-system batteries, 9.1 a) may-be on the battery, the sealing tab or the immediate
acking. 9.1c) may be marked on_the sealing tab and/or on the battery. 9.1 b), 9.1 d) and
.1 e) may be given on the immediate packing instead of on the battery.

O ©T T

aution for ingestion of swallowable batteries shall be given. Refer to 7.1 1) for detailq.
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Batteries with Small batteries
Marking the exceptior_l of P-system
small batteries batteries
a) Designation, IEC or common A A C
b) Expiration of a recommended usage period or
year and month or week of manufacture. The
A B B
year and month or week of manufacture may be
in code
c) olarity of the positive (+) terminal A A D
d) Nominal voltage
e) IName or trade mark of the manufacturer or A B B
upplier
f)  Cautionary advice A B@ B@
A: shall be marked on the battery.
B: npay be marked on the immediate packing instead on the battery.
C: njay be marked on the battery, the sealing tab or the immediate packing.
D: njay be marked on the sealing tab and/or on the battery.
a8 (aution for ingestion of swallowable batteries shall be given. Refer to 74.1).
9.3 | Safety pictograms
Safefy pictograms that could be considered for usé as an alternative to written cautipnary

advide are provided in Annex C.
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Annex A
(informative)

Additional information-te-7-4 on display and storage

The purpose of this annex is to describe-these 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.

Storgge and stock rotation

a)

b)

d)

e)

f)

g)

Hor normal storage, the temperature should be between +10 °C and +25 ;€)and s
never exceed +30 °C. Extremes of humidity (over 95 % RH and below\40 % RH
sustained periods should be avoided since they are detrimental to, both batterieg
packing. Batteries should therefore not be stored next to radiators or boilers nor in ¢
spnlight.

Although the storage life of batteries at room temperature is good; storage is improv
wer temperatures provided special precautions are taken”The batteries shoul
epclosed in special protective packing (such as sealed plastic bags or variants)
should be retained to protect them from condensation during the time they are warmi
ambient temperature. Accelerated warming is harmful.
B

o

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

Blatteries may be stored fitted in equipment or packages if determined suitable b
httery manufacturer.

b

The height to which batteries may be stacked is clearly dependent on the strength g
pack. As a general guide, this height-should not exceed 1,5 m for cardboard packs o
fqr wooden cases.

t

The above recommendations «dre equally valid for storage conditions during prolo
rensit. Thus, batteries should be stored away from ship engines and not left for
pgriods in unventilated metalbox cars (containers) during summer.

Blatteries should be dispatched promptly after manufacture and in rotation to distrib

c
sforage areas and displays should be properly designed and packs should be adequ
marked.

hould
) for
and
lirect

ed at
d be
vhich
ng to

after
the

f the
r3m

nged
long

ution

bntres and on to thelusers. In order that stock rotation (first-in, first-out) can be praciised,

ately
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Annex B
(informative)

Battery compartment design guidelines

Background

General

2016

In o
prim
resul
deve
was
gene

The
signi

B.1.2

Poor
circu

B.1.3

If a K
B.1,

a) c

Z

b) g
c)
d)

o<

€

der to meet the ever-growing advances in battery-powered equipment techng
ry batteries have become more sophisticated in both chemistry and construction
ant improvements to both capacity and rate capability. Resulting from these ‘conti
opments and recognising the need for both safety and optimum battery _performar

logy,
with
huing
ce it

pstablished that the majority of reported battery failures resulted fronmelectrical gbuse

rally arising from consumer accidental misuse.

ollowing text and figures are intended to aid the battery-powered equipment design
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 s
ting of the batteries.

Potential hazards resulting from battery reversal

attery is reversed in a circuit with three‘er more batteries in series as shown in F
he following potential hazards exist:

harging of the reversed battery;

DTE The charging current limited,by~the external circuit/load.
as generation within the_feversed battery;
ent activation of the reversed battery;

akage of electrolyte‘from the reversed battery.

DTE Battery electroelytes are harmful to body tissues.

er to

hort-

gure

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.
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c) Vent activation.
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

TheS croicett are—e a C Cl aroa e v a
R1 t¢ R20. The battery systems involved are commonly referred to as alkaline manga
and ginc carbon. Whilst the two systems are interchangeable they should never bevusgd in
compiination.

- / -

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

a) Tlhe positive terminal of the alkaline manganese battery is connected to the battery cqdse.
b) The positive terminal of the zinc carbon battery is insulated from the battery case.
c) Both battery types have an outer insulated jacket. This miay“be of paper, plastic or pther

npon-conductive material. On occasion, the outer jacket miay be metallic (conductive); in
such instances this is insulated from the basic unit.

d) hen forming the negative contact it should be“noted that the corresponding battery
terminal may be recessed. (For clarification refer to IEC 60086-1:2015, 4.1.3). To enpsure

good electrical contact, completely flat negativerequipment contacts should be avoided.

nder no circumstances should battery cennectors or any part of the equipment cirguitry
cpme into contact with the battery jackeét: Any design of battery compartment permfitting
this, risks the possibility of a short circuit.

NOTE| For example, conical or helical{ret<paraliel; springs used for negative connection should confpress
uniformly when the battery is inserted andynot bridge across to the battery jacket. (Spring connection fo the
positiye terminal of a battery is not recommended.)

B.2.2 Other important factors to consider

a) Ifis recommended that companies producing battery-powered equipment should maintain
close liaison withthe battery industry. The capabilities of existing batteries should be
ken into account’/at design inception. Whenever possible, the battery type sel¢cted
should be onevincluded in IEC 60086-2.

b) DOesign compartments so that batteries are easily inserted and do not fall out.

—

c) Design.compartments to prevent easy access to the batteries by young children.

d) DOimensions should not be tied to a particular battery manufacturer as this can create
problems when replacements of different origin _are installed. Only consider the battery
dimensions and tolerances defined within IEC 60086-2 when designing the battery
compartment.

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

f) 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 minimise possible equipment damage from
battery leakage.

g) 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.


https://iecnorm.com/api/?name=bd45ec6bbac36532dbed32c591ac2f18

B.3

B.3.1

- 28 - IEC 60086-5:2016 RLV © IEC

Specific measures against reversed installation

General

2016

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

illust
unne
be sh

ated in Figures B.2 and B.3 below. Provision should also be made to prg
cessary movement of batteries within the battery compartment. Battery contacis™s
ielded to prevent contact during reverse installation.

Insutated ribs hold the negative
terminal away from contact

Figure B.2a — Correct insertion of the battery Figure/B72b — Incorrect insertion of the battery

Fi

B.3.3

Figure B.2 — Positive contact'recessed between ribs

Negative terminal contacts
only the insulated surround

gure B.3a — Corréctjinsertion of the battery Figure B.3b — Incorrect insertion of the battery

Figure B.3 — Positive contact recessed within surrounding insulation

Design of the negative contact

The

bvent
hould

(9]

olowing suggestion is given for R03, R1, R6, R14 and R20 size battery compartni

nents

(see

Figure B.4).

\\@ Positive terminal does not
contact U-shaped negative
contact but only insulated
centre

IEC

Figure B.4a — Correct insertion of the battery  Figure B.4b — Incorrect insertion of the battery
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Figure B.4 — Negative contact U-shaped to ensure no positive (+) battery contact

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 Figures B.5a and B.5b.

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

@

=€

NOTE| Protection of the positive contact-sheuld-be is as shown in Figures B ,2«ahd B.3.

Figure B.5a — Preferred battery orientation

® /®:®

= e

IEC

NOTE|1 Protegtion of the contacts-sheuld-be-as-shown is in Figures B.2 or B.3 for the positive and Figure B.4 for
the nggative contact.

NOTE| 2/ This arrangement (Figure B.5b) is only considered practical for R14 and R20 size batteries due [to the
small pegative terminal area (dimension C of the relevant specification) of the other sizes.

Figure B.5b — Alternative recommendation for battery orientation

Figure B.5 — Design with respect to battery orientation

B.3.5 Dimensional considerations

Table B.1 provides critical dimensional details 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

Relevant dry batteries Dimension of Dimension of the positive Recommended dimensions
the negative battery terminal of the positive contact of
battery terminal an appliance in Figure B.6
- dg? dy? hg? X Y
(mm-minimum) (mm-maximum) (mm-minimum) mm mm
R20, LR20 18,0 9,5 1,5 9,6 to 11,0 0,5t0 1,4
R14, LR14 13,0 7,5 1,5 7,6 t0 9,0 0,5to 1,4
R6, LR6 7,0 5,5 1,0 5,6 to 6,8 0,4 t010,9
R03, LR0O3 4,3 3,8 0,8 3,9t0 4,2 0,4t00,7
R1, LR1 5,0 4,0 0,5 4,1t04,9 0,1to)0,4
@ Refer to IEC 60086-2.

X
d3 dﬁ
Insulator - Insulator
| ~
( == A j A

|
i
i
i
|
i
Positive contact : Positive contact
of an appliance i of an appliance
i
i
i
|
i
i
i
|
i
i

Negative contact i Negative contact
of an appliance L of an appliance

/

IEC IEC

Figure B.6a — Correct insertion Figure B.6b — Incorrect insertion

NOTE Positive contact of an appliance is recessed within 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.6a is correct. In Figure B.6b 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.

The letter codes in Figure B.6 are as follows:
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dg minimum outer diameter of the negative flat contact surface;

d3 maximum diameter of the positive contact within the specified projection height;

hs minimum projection of the flat positive contact;

X Diameter of the recessed hole as a positive contact with the positive battery terminal. X
should be bigger than d3 but smaller than dg;

Y Depth of the recessed hole as a positive contact with the positive battery terminal.
Y should be smaller than 75.

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 insalating j

(see

B.2.1 c)), has the same voltage as the positive terminal. Should the insulating jack

cut dr pierced by any conductive circuitry within an appliance, a short ciréuit’ may occ
shown in Figure B.7. (It should be noted that the damage described abové ¢an be aggra

if the

NOTE|

NOTE
batter

Figu

Prev

appliance is subjected to physical abuse, e.g. abnormal vibrations,dfopping, etc.).

Short circuit

® QY® ©

IEC

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

2 Whilst the example shown in Figure\B7 commonly relates to alkaline manganese battery systen]
es addressed in this annex are interchangeable (see B.2.1).

re B.7 — Example of a shortcircuit, a switch is piercing the battery insulating j3

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

damaging the battery jacket.

Insulator

hcket
et be
Ir as
ated

s, the

cket

from

\_/ IEC

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

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

B.4.2 Measures to prevent external short-circuit of a battery caused when coiled

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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S
/

o

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

© @} W@ @k

IEC IEC

-n

gure B.10a — Spring slides underneath the Figure B.10b — Jacket is punctured
jacket and 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
recommmended that the design of the battery compartment allows the battery, when correctly
inse¥ed (negative terminal first), to evenly compress the coil spring as shown in Figure B.11.
The insulated guide above the negative (-) connections in Figure B.11 ensures this.

Insulated guide

IEC

Figure B.11 — One example of protected insertion

The end 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 oplillg VViIU bhuuid bU Uf bufﬂb;cllt didlllUtUl adS apcbificd ill Tdb:C 32 T:IU bplillg U IltaCt
pressure should be sufficient to ensure that the batteries make and maintain good electrical
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

Battery type Minimum wire diameter
mm
R20 LR20 0,8
R14 LR14 0,8
R6 LR6 0,4
R03 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 external
jackdt. Many R20, LR20, R14 and LR14 batteries have a recessed negative/terminal. $ome
battefries are provided with projections of insulating resin on the negative terminal in order to

prevént electrical contact if the battery is reversed.

NOTE| It is imperative that the above shapes and dimensions of negative battery_terminals are taken into a
during the early stage of the design of the negative contact of an appliance. Specific precautions of three (3
of contacts which are generally used are described in the following.

a)

diameter of the contact surface of the negative battery terminal.

b) here sheet metal is cut and formed to make\a'negative contact (see Figure B.12)

count
kinds

hen a spring coil is used as the negative contact of\an appliance: the diameter df the
cpil which interfaces with the battery should be smaller than dg, where dg is the external

it is

epsential that the dimensions #, and dg, ds.defined in Table B.3, are noted and acted

upon. As shown in Figure B.12 a projection/pip should be provided. This projection/pip

should be of sufficient depth to overcome any recess in the battery terminal (dime
). Failure 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 appli
ifl is essential that one or more (pips’/projection(s) are provided to ensure battery co

terminal of the battery (dimension #,) and be placed within the confines of the ba
rminal contact area (diménsion dg).

nsion

nce,
tact.

he projection(s) should be\of sufficient depth to overcome any recess in the nedative

ttery

hy
——
@ 7] he
Y 74 Bt ) <
IEC
Figure B.12a - Spring coil Figure B.12b — Plate spring contact

Figure B.12 — Example of negative contacts

IEC
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Table B.3 — Dimensions of the negative battery terminal

Battery type Maximum recessed dimension of External diameter of the contact surface
negative battery terminal 4,2 of negative battery terminal 4;®
mm mm
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, LR 56;2 58
a8  Rference IEC 60086-2.

It should be stressed that battery compartment dimensions should not be tied"to"dimensions
and folerances of a particular manufacturer as this can create problems ifyreplacemerits of

diffefent origin are installed.

For ¢fimensional details, particularly those related to the positive(and negative terminals,
reference should be made to Figure 1a and Figure 1b of IEC 60086*2:2015 and the rel¢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
hydrggen/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 paragraph 7.1n)

B.7 | Other design considerations

a)

b)

d)

e)

Only the battery terminalst should physically contact the electric circuit. Battery
cpmpartments should be~electrically insulated from the electric circuit and positiongd so
as to minimise possible damage and/or risk of injury resulting from battery leakage.

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

prevent/charging of the primary battery, or

1

2) include 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
subjecteddoes ot exceedthrat Tecommended by the battery Tmanufacturer:

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-depolarised 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)

h)

-

Exa
disch

batteries may occur.

Pote

1) d
2)
3) E

NOTE

N
Battery compartments with parallel connections are not permissible, unless¥it cq
c
S

rlcommended since a discharged section may be driven into reverse voltage.

early demonstrated that the reversal of one or more batteries does not affectsafety.

eries connection of batteries with multiple voltage outputs as shown in Figure B.13 i

ple in Figure B.13, two batteries are discharging through resistopR1; if, following
arge, the switch is positioned toward the R3 circuit, forced discharging of the forme

® Ol® o)® ol® o}y  oje o

IEC

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

ntial hazards arising from forced discharging (driving into reverse voltage).

as generation within the forced discharged battery/batteries.
ent activation
lectrolyte leakage

Battery electrolyte§ are harmful to body tissues.

n be

s not

their
r two
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Annex C
(informative)

Safety pictograms

Overview General

2016

Cautionary advice to fulfil the marking requirements in this standard has, on a historical basis,

been
use d

The

f pictograms as a complementary or alternative means of product safety communica

bbjectives of this annex are: (1) to establish uniform pictogram recommendations th3

tied fo long-used and specific written text, (2) to minimize the proliferation of safety picto

desid
to co

C.2

The

ns, and (3) to lay the foundation for the use of safety pictograms instéad of written
mmunicate product safety and cautionary statements.

Pictograms
bictogram recommendations and cautionary advices are.given in Table C.1.

Table C.1 — Safety pictograms (71 of 3)

the
ion.

t are
gram
text

Reference Pictogram Cautionary advice

A DO NOT CHARGE

B DO NOT DEFORM / DAMAGE
C DO NOT DISPOSE OF IN FIRE
D DO NOT INSERT INCORRECTLY

NOTE The grey shading highlights a white margin appearing when the pictogram is printed on coloured or
black background.
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Table C.1 - (2 of 2)

Reference

()

Pictogram

Cautionary advice

KEEP OUT OF REACH OF CHILDREN

NOTE See 7.1 1) for critical safety information

5
&
&S

S
L

DO NQ{M DIFFERENT TYPES OR BRANDS

O)
S

DO NOT MIX NEW AND USED

DO NOT OPEN / DISMANTLE

DO NOT SHORT CIRCUIT
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Table C.1 - (3 0f 2)

INSERT CORRECTLY

f

IEC

NOTE The grey shading highlights a white margin appearing when the pictogram is printed on coloured or
black background.

C.3 | Instruetions Recommendations for use

The following-instructions recommendations are provided for use of the pictograms.

a) Rictograms-shal should be clearly legible.

b) Whilst colours—are—permitted can be used, they—shal should) not detract from the
information displayed. If colours are used, the background of{pictogram 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 bajtery.
Im particular, pictograms D and J are meant as alternatives for a similar purpose.
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9)

Interpationaly'Standard IEC 60086-5 has been prepared by IEC Technical Committeg
Primary, cells and batteries.

INTERNATIONAL ELECTROTECHNICAL COMMISSION

PRIMARY BATTERIES -

Part 5: Safety of batteries with aqueous electrolyte

FOREWORD
Thie International Electrotechnical Commission (IEC) is a worldwide organization for standardization comj
alll national electrotechnical committees (IEC National Committees). The object of IEC is_to ,pr

rnational co-operation on all questions concerning standardization in the electrical and electronie fiel
end and in addition to other activities, IEC publishes International Standards, Technical~Specificy
Telchnical Reports, Publicly Available Specifications (PAS) and Guides (hereafter referred to as

nsparently to the maximum extent possible in theirjdational and regional publications. Any diver
befween any IEC Publication and the corresponding national or regional publication shall be clearly indic3
the¢ latter.

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

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

Nq liability shall attach to IEC or its (directors, employees, servants or agents including individual exper
mgmbers of its technical committees,;and IEC National Committees for any personal injury, property dam
other 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 othe
Publications.

Atfention is drawn to théyNormative references cited in this publication. Use of the referenced publicati
indispensable for the"correct application of this publication.

Atlention is drawn\to the possibility that some of the elements of this IEC Publication may be the sub
pafent rights. IEC shall not be held responsible for identifying any or all such patent rights.
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This fourth edition cancels and replaces the third edition published in 2011. This edition
constitutes a technical revision.

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

a)

b)
c)

d)

The definition of explosion was changed to suitable sentence in order to harmonize in

IEC 60086 series;
To prevent removal of hydrogen gas, we revised it to the suitable sentence,

To prevent misuse, the battery compartments with parallel connections were revised t
suitable sentence.

To clarify the method to determine the insulation resistance.

o the
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The text of this standard is based on the following documents:

FDIS Report on voting
35/1360/FDIS 35/1361/RVD

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

This publication has been drafted in accordance with the ISO/IEC Directives, Part 2.

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

The committee has decided that the contents of this publication will remain unchanged| until
the gtability date indicated on the IEC website under "http://webstore.iecych" in the[data
related to the specific publication. At this date, the publication will be

-

¢confirmed,
e Withdrawn,

-

g¢placed by a revised edition, or

e amended.
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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 standard is
guidance for appliance designers with respect to battery compartments and information
regarding packaging, handling, warehousing and transportation.

only pe relatively safe. In this respect, decision-making is based on risk evaluation and\safety
judgg¢ment.

As safety will pose different problems, it is impossible to provide a set of precise provisions
and tecommendations that will apply in every case. However, this standard,when followgd on
a judicious "use when applicable" basis, will provide reasonably consistent standards for
safetly.
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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 aqu

2016

eous

electrolyte to ensure their safe operation under intended use and reasonably foreses
misuge.

2 ormative references

bable

The {ollowing documents, in whole or in part, are normatively referenced. in-this document and

are indispensable for its application. For dated references, only the edition cited applieg
undated references, the latest edition of the referenced document (including
amendments) applies.

IEC 60086-1, Primary batteries — Part 1: General

IEC 60086-2, Primary batteries — Part 2: Physical and,eléctrical specifications

IEC 60068-2-6, Environmental testing — Part 2-6: Jests — Test Fc: Vibration (sinusoidal)
IEC 60068-2-27, Environmental testing — Part\2-27: Tests — Test Ea and guidance: Shock

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

3 Terms and definitions

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

NOTE| Certain definitions taken from IEC 60050-482, IEC 60086-1, and IEC Guide 51 are repeated bel
convehience.

3.1
battgry
one ¢ranore cells electrically connected by permanent means, fitted in a case, with term

. For
any

bcks,

w for

nals,

markings and protective devices etc, as necessary for use

[SOURCE: IEC 60050-482:2004, 482-01-04, modified definition]

3.2
button (cell or battery)
small round cell or battery where the overall height is less than the diameter

Note 1 to entry: In English, the term "button (cell or battery)" is only used for non-lithium batteries while the term
"coin (cell or battery)" is used for lithium batteries only. In languages other than English, the terms "coin" and

"button" are often used interchangeably, regardless of the electrochemical system.
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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]

3.4
component cell
cell contained in a battery

3.5
cylindrical (cell or battery)
round cell or battery with a cylindrical shape in which the overall height is equal to or greater
than fthe diameter

[SOYRCE: IEC 60050-482:2004, 482-02-39, modified ("cell with a cylindrical shape" replaced
by "rpund cell or battery")]

3.6
explpsion (battery explosion)
the cgll or battery opens and solid components are forcibly expelled

3.7
fire
flamgs are emitted from the test cell or battery

3.8
interjded use
use in accordance with information previded with a product or system, or, in the absenge of
such|information, by generally understood patterns of usage

[SOYRCE: ISO/IEC Guide 51:2014, 3.6]

3.9
leakage
unplanned escape of electrolyte from a cell or battery

[SOYRCE: IEC£60050-482:2004, 482-02-32]

3.10
nom{nal voltage (of a primary battery)
Vn

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 a primary battery)" and
symbol 7,)]

3.11
primary (cell or battery)
cell or battery that is not designed to be electrically recharged

3.12
prismatic (cell or battery)
cell or battery having the shape of a parallelepiped whose faces are rectangular


https://iecnorm.com/api/?name=bd45ec6bbac36532dbed32c591ac2f18

-10 - IEC 60086-5:2016 © IEC 2016

[SOURCE: IEC 60050-482:2004, 482-02-38, modified (deletion of "qualifies a")]

3.13

protective devices

devices such as fuses, diodes or other electric or electronic current limiter designed to
interrupt the current flow in an electrical circuit

3.14

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 51:1999, 3.14, modified ("process or service" replaced, by "or
systgm" and "may" replaced by "can" and deletion of the Note)]

3.15
round (cell or battery)
cell gr battery with circular cross section

3.16
safely
freedom from risk which is not tolerable

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

3.17
undischarged
state|of charge of a primary cell or battery corresponding to 0 % depth of discharge

3.18
venting
relealse of excessive internal pressure from a cell or battery in a manner intended by design to
preclude explosion

4 Requirements for safety

4.1 | Design
411 General

Battdries shal’be so designed that they do not present a safety hazard under conditiohs of
normfal (intended) use.

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.
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4.1.3 Insulation resistance

The insulation resistance between externally exposed metal surfaces of the battery excluding
electrical contact surfaces and either terminal shall be not less than 5 MQ at 500 V_*g?/ov

applied for a minimum of 60 seconds.

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 a Inliprl to the total pracess of prndur‘ing a anpr‘ifin type of hnﬂpry Manufacturers should
understand their process capabilities and should institute the necessary process controls as
they relate to product safety.

a
o

bampling

5.1 General

Samples should be drawn from production lots in accordanceCwith accepted statistical
methjods.

5.2 | Sampling for type approval

The number of samples drawn for type approval is givensn Figure 1.

Open circuit voltage (n = 70)
Dimensiéns'(n = 70)

Intended use

Reasonably
foreseeable
A B-1 B-2 C misuse
Partial Transportation- Transportation- Climatic
ude shock vibration (n=15)
(n45) (n = 5) (n=5)
D E F G
Incorrect External Over- Free
installation short discharge fall
see NOTE 1 circuit see NOTE 2
(n = 20) (n=5) (n = 20) (n=5

IEC

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

NOTE 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
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6 Testing and requirements

6.1 General
6.1.1 Applicable safety tests

Applicable safety tests are shown in Table 1.

The tests described in Tables 2 and 6 are intended to simulate conditions which the battery is
likely to encounter during intended use and reasonably foreseeable misuse.

Table 1 — Test matrix
Nominal Applicable tests
Sys{em Negative Electrolvte Positive voltage E
let{er electrode y electrode per cell I_E A B-1 c D E F G
v B-2
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 X X
A Zinc (Zn) | Ammonium Oxygen 1,4 R X X X NR X X X
chloride, (0,)
Zinc B NR
chloride Pt X X X X X X X
X X X NR X X X
U Zinc (Zn) | Alkali metal | Manganese 1,8 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
H Zinc (Zn) | Alkali metal | Oxygen air 1,4 R NR
hydroxide (0,)
NR X X NR X NR X
Pr X X X X X X X
NR
S Zinc (Zn) J-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: stofage 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 (3.12)
C: climatic-temperature cycling M:  multicell
D: incorrect installation
E: external short circuit
F: overdischarge
G: free fall
Systems L and S button cells or batteries under 250 mAh capacity and system P button cells or batteries under
700 mAh capacity are exempt from any testing.
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6.1.2

Cautionary notice

by a

WARNING

These tests 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

ppropriately 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°¢ + 5 °C.
6.2 | Intended use
6.2.1 Intended use tests and requirements
Table 2 — Intended use tests and requirements
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)
6.2.2 Intended use test procedures
6.2.2(1 Test A — Storage after partial use
a) Hurpose
This test simulates the situation when an appliance is switched off and the insfalled
bptteries care 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) Tlest,procedure
Amurmdiscirargedbattery s dischrargedunder am application/service output testtomndition,

with the lowest resistive load test as defined in IEC 60086-2 until the service life falls by
50 % of the minimum average duration (MAD) value, followed by storage at 45 °C +5 °C
for 30 days.

c) Requirements

T

6.2.2

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

.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.

b) Test procedure

A

n undischarged battery shall be tested as follows.
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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
715 g, 125 ¢ to 175 g Half sine

NOTE g, =9,80665 m/s?.

Table 4 — Test sequence

Step Storage time Battery orientation Number of shocks Visual examination

periods

1 - - - Pre-test

2 - a 1 each -

3 - a 1 each -

4 - a 1¢each -

5 1h - - -

6 - - - Post-test

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

c)

6.2.2.3 Test B-2 —Transportation-vibration

a)

b)

Sttep 1 Record open circuit voltage-ity accordance with 5.2.

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.

equirements

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

urpose

This test simulates vibration during transportation. This test condition is genegrally
specified in1EC 60068-2-6.

est precedure
uhdischarged 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).
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Table 5 — Test sequence

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 Rosi-test
@ The vibration shall be applied in each of three mutually perpendicular directions.
Sttep 1 Record open circuit voltage in accordance with 5.2.
Steps 2to 4 Apply the vibration specified in 6.2.2.3 in the sequence in Table 5.
Step 5 Rest battery for 1 h.
Sttep 6 Record examination results.

c)

6.2.2.4

Rlequirements

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

Test C — Climatic-temperature cycling

a) Hurpose

b)

This test assesses the integrity of the battery” seal which may be impaired
tgmperature cycling.

Tlest procedure

Aln undischarged battery shall be tested*under the following procedure.
Temperature cycling procedure (seeil) to 7) below and/or Figure 2)
1

Place the batteries in a test chamber and raise the temperature of the chamb
70 °C + 5 °C within ¢; = 30, min.

Maintain the chamber_ at.this temperature for 1, = 4 h.

3) Reduce the temperature of the chamber to 20 °C £ 5 °C within #; = 30 min
maintain at this temperature for 13 =2 h.
4) Reduce the(temperature of the chamber to —20 °C + 5 °C within #; = 30 min

maintain atithis temperature for , = 4 h.

Raise thetemperature of the chamber to 20°C + 5 °C within #; = 30 min.
Repeat the sequence for a further nine cycles.

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

after

er to

and

and
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70 °C

20 °C

-20°C

t1 t2 t1 l3 t1 t2 t
IEC

ty =30 min
ty = 4h
t, =2h

Figure 2 — Temperature cycling procedure

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

6.3 | Reasonably foreseeable misuse
6.3.1 Reasonably foreseeable misuse tests and requirements

Table 6 — Reasonably foreseeable ' misuse tests and requirements

Test Misuse simulation Requirements

Electfical 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)

* Spe NOTE 2 of&.3:2.1b)

6.3.2 Reasonably foreseeable misuse test procedures

6.3.201 Test D — Incorrect installation (four batteries in series)

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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c)

6.3.2.2 Test E — External short circuit

a)

b)

6.3.2(3 Test F — Overdischarge

B1

IEC

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

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

NPTE 2 Primary batteries are not designed to be charged. However, reversed installation of a battey in a
sgries of three or more exposes the reversed battery to a charging condition. Although cylindrical battetips are
d¢signed to relieve excessive internal pressure, in some instances an explosion may not be preclyded.

equirements
There shall be no fire and no explosion during this test (see NOTE 2 of 63:2.1b)).

urpose
This misuse may occur during daily handling of batteries.
est procedure

undischarged battery shall be connected as shown. in Figure 4. The circuit shgll be
cpmpleted for 24 h or until the battery case tempgrature has returned to ambient| The
sistance of the inter-connecting circuitry shall nat'exceed 0,1 Q.

—

+

IEC

Figure 4 — Circuit diagram for external short circuit

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

Rurpose

This test sitmulates the condition when one (1) discharged battery is series-connected with
three (3).other undischarged batteries.

Tlest procedure

Oneundischarged battery (C1) is discharged under the application or service outpuf test
condition, with the highest MAD value (expressed in time units), as defined in IEC 60086-2
until the on-load voltage falls to (» x 0,6 V) where = 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 (n x 0,6 V).

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 in 6.4 of IEC 60086-1:2015.
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IEC
Figure 5 — Circuit diagram for overdischarge

Requirements

.4 Test G — Free fall test

urpose

This test simulates the situation when a battery is accidentally dropped. Fhe test condition

based upon IEC 60068-2-31.
est procedure
ndischarged test batteries shall be dropped from a height of 1 mronto a concrete surface.

Ejach test battery shall be dropped six times, a prismatic batiery once on each of ifs six
fgces, a round battery twice in each of the three axes shown_in Figure 6. The test batteries
shall be stored for 1 h afterwards.

z

IEC

Figure 6 — XYZ axes for free fall

Rlequirements
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)

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.

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)

d)

f)

k)

Do not charge batteries

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

Do not force discharge batteries

When batteries are force discharged with an external power source, the voltage of the
battery 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.

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
sgme bramd—amd-type:

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

xhausted batteries should be immediately removed from equipment’ and properly
disposed of

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

o not heat batteries

ersonal injury.
o not weld or solder directly to batteries

he heat from welding or soldering directly to a battery may cause internal short-circiiiting

W\

n

O

When a battery is exposed to heat, venting, leakage and<explosion may occur and gause
p

O

T

regsulting in venting, leakage and explosion and\may cause personal injury.

o not dismantle batteries

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

0o not deform batteries

B

atteries should not be crushed, punctured, or otherwise mutilated. Such abuse|may
regsult in venting, leakage andiexplosion and cause personal injury.

o not dispose of batteries"in fire

ersonal injury. Do\not incinerate batteries except for approved disposal in a controlled

O

When batteries are tdisposed of in fire, the heat build-up may cause explosion| and
p

incinerator.

eep batteries\out of the reach of children

K

Elspecially 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 [seek
medical assistance promptly.

NOTE Refer to [3].1

1

Numbers in square brackets refer to the bibliography.


https://iecnorm.com/api/?name=bd45ec6bbac36532dbed32c591ac2f18

- 20 - IEC 60086-5:2016 © IEC 2016

DS
[eNe]
¥
‘_—
N~
~ Ie)
[eNe]
e
v—
Yo}
= —¥

IEC

Figure 7 — Ingestion gauge

m) Do not allow children to replace batteries without adult supervision
n) Do not encapsulate and/or modify batteries

ncapsulation, or any other modification to a battery, .may result in blockage of the
fessure relief vent mechanism(s) and/or prevent removal’of hydrogen gas generated in
e batteries (see also B.6). This may lead to explosion~and personal injury. Advice|from
the battery manufacturer should be sought if it iS/considered necessary to makg any
modification.

o) Store unused batteries in their original packaging away from metal objects. If aljeady
trpacked, do not mix or jumble batteries.
n

packed batteries could get jumbled erget mixed with metal objects. This can gause
battery short-circuiting which may result’in venting, leakage and explosion and personal
iMjury; one of the best ways to avoid, this happening is to store unused batteries in|their
ofiginal packaging.
p) Remove batteries from equipment if it is not to be used for an extended period of|time
unless it is for emergency purposes.

O m

It|is advantageous to remdve batteries immediately from equipment which has ceasgd to
fynction satisfactorilys.or when a long period of disuse is anticipated (e.g. portable lighting,
tqys, etc.). Although:*most batteries on the market today are provided with protgctive
jgckets or other@means to contain leakage, a battery that has been partially or completely
ekhausted may.be more prone to leak than one that is unused.

7.2 | Packaging

The pacKaging shall be adequate to avoid mechanical damage during transport, handling and
stacling,» The materials and packaging design shall be chosen so as to prevent the
development—of uminmtentiomat—etectricat—contact, —short=circuit,—shiftmg—and—corrosiom—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 Display and storage
a) 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

Wherr loaded for transportation, battery packages should be so arrafiged to minimise tth risk
of fal
the Ipwer packages occurs. Protection from inclement weather should be provided.

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 overhelating
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.

See Annex A for additional details

Transportation

ling e.g. one from the top of another. They should not be stacked so high that damage to

Disposal
o not dismantle batteries.

rimary batteries may be disposed of via the*communal refuse arrangements, proyided

O
Oo not dispose of batteries in fire except under éenditions of controlled incineration.
FJ
that no local rules to the contrary exist.

Where there is provision for the collection of used batteries, the following should be
cpnsidered:

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 ¢f an
ignition source,

¢| Do not mix coOllected batteries with other materials. Since some used batteries may still
contain a_residual charge, they could be short circuited, charged or force dischafrged.
The subsequent possible heat generation can ignite flammable wastes such ag oily
rags, paper or wood and can cause a fire.

o| Consider protecting used battery terminals, particularly those batteries with [high
voltage, to preclude short circuits, charging and force discharging, for instancg, by

£ H ot 4 H 1 HFN Lot 4
AT UT LOVETTITY UatiTT y T Tars—witm nrourtatnTty taptT.

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 also 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

9.1 General (see Table 7)

With the exception of small batteries (see 9.2), each battery shall be marked with the
following information:

a) designation, IEC or common;

f) cputionary advice.

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

9.2 | Marking of small batteries (see Table 7)

a) Batteries designated in IEC as small, mainly category 3.and category 4 batteries have a
surface too small to accommodate all markings shown in 9.1. For these batterie$ the
designation 9.1 a) and the polarity 9.1 c) shall he-marked on the battery. All pther

arkings shown in 9.1 may be given on the immediate packing instead of on the battgry.

b) For P-system batteries, 9.1 a) may be on the battery, the sealing tab or the immediate
packing. 9.1c) 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 the immediate packing instead of on the battery.

c) Qaution for ingestion of swallowable batteries shall be given. Refer to 7.1 1) for detaild.

Table 7 ="Marking requirements
Batteries with Small batteries
Marking the exceptior_l of P-syster
small batteries batteries
a) [Designation, IEC or common A A C
b) [Expiration of a recommended usage period or
ear and month orlwéek of manufacture. The
A B B
ear and month_or, week of manufacture may be

in code
c) Polarity of\the positive (+) terminal A A D
d) INomihal voltage A B
e) IName or trade mark of the manufacturer or A o o

supplier A i i
f) Cautionary advice A B@ B@
A: shall be marked on the battery.
B: may be marked on the immediate packing instead on the battery.
C: may be marked on the battery, the sealing tab or the immediate packing.
D: may be marked on the sealing tab and/or on the battery.
a8 Caution for ingestion of swallowable batteries shall be given. Refer to 7.1 1).

9.3 Safety pictograms

Safety pictograms that could be considered for use as an alternative to written cautionary
advice are provided in Annex C.
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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.

Storgge and stock rotation

a)

b)

d)

e)

f)

g)

ever exceed +30 °C. Extremes of humidity (over 95 % RH and below\40 % RH
ustained periods should be avoided since they are detrimental to_ both batteries

o

wer temperatures provided special precautions are taken”The batteries shoul
ephclosed in special protective packing (such as sealed plastic bags or variants)
should be retained to protect them from condensation during the time they are warmi
ambient temperature. Accelerated warming is harmful.
B

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

Blatteries may be stored fitted in equipment or packages if determined suitable b
bhttery manufacturer.

The height to which batteries may be stacked is clearly dependent on the strength g
hck. As a general guide, this height-should not exceed 1,5 m for cardboard packs o
qr wooden cases.

p

The above recommendations «dre equally valid for storage conditions during prolo
ransit. Thus, batteries should be stored away from ship engines and not left for
pgriods in unventilated metal’box cars (containers) during summer.

Blatteries should be dispatched promptly after manufacture and in rotation to distrib

c
sforage areas and displays should be properly designed and packs should be adequ
marked.

Hor normal storage, the temperature should be between +10 °C and +25 €)and should
n

) for
and

s
packing. Batteries should therefore not be stored next to radiators or boilers nor in direct
spunlight.

Although the storage life of batteries at room temperature is good; storage is improved at

d be
vhich
ng to

after
the

f the
3 m

nged
long

ution

bntres and on to thel\users. In order that stock rotation (first-in, first-out) can be praciised,

ately
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Annex B
(informative)

Battery compartment design guidelines

Background

General

2016

In o
prim
resul
deve
was
gene

The
signi

B.1.2

Poor
circu

B.1.3

If a K
B.1,

a) c

Z

b) g
c)
d)

o<

€

der to meet the ever-growing advances in battery-powered equipment techng
ry batteries have become more sophisticated in both chemistry and construction
ant improvements to both capacity and rate capability. Resulting from these ‘conti
opments and recognising the need for both safety and optimum battery _performar

logy,
with
huing
ce it

pstablished that the majority of reported battery failures resulted fronmelectrical gbuse

rally arising from consumer accidental misuse.

ollowing text and figures are intended to aid the battery-powered equipment design
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 s
ting of the batteries.

Potential hazards resulting from battery reversal

attery is reversed in a circuit with three‘or more batteries in series as shown in F
he following potential hazards exist:

harging of the reversed battery;

DTE The charging current limited,by~the external circuit/load.
as generation within the_feversed battery;
ent activation of the reversed battery;

akage of electrolyte‘from the reversed battery.

DTE Battery electroelytes are harmful to body tissues.

er to

hort-

gure

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.
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c) Vent activation.
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

TheS croicett are—e a C Cl aroa e v a

R1 t¢ R20. The battery systems involved are commonly referred to as alkaline manga
and ginc carbon. Whilst the two systems are interchangeable they should never bevusgd in
compiination.

- / -

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

a) Tlhe positive terminal of the alkaline manganese battery is connected to the battery cqdse.
b) The positive terminal of the zinc carbon battery is insulated from the battery case.
c) Both battery types have an outer insulated jacket. This miay“be of paper, plastic or pther

npon-conductive material. On occasion, the outer jacket miay be metallic (conductive); in
such instances this is insulated from the basic unit.

hen forming the negative contact it should benoted that the corresponding battery
terminal may be recessed. (For clarification refer to IEC 60086-1:2015, 4.1.3). To ensure
good electrical contact, completely flat negativerequipment contacts should be avoided.

nder no circumstances should battery cennectors or any part of the equipment cirguitry
cpme into contact with the battery jacket: Any design of battery compartment permiitting
this, risks the possibility of a short circuit.

NOTE| For example, conical or helical springs.used for negative connection should compress uniformly when the
battery is inserted and not bridge across, {0, the battery jacket. (Spring connection to the positive termingl of a
battery is not recommended.)

B.2.2 Other important factors to consider

a) Ifis recommended that companies producing battery-powered equipment should maintain
close liaison withthe battery industry. The capabilities of existing batteries should be
ken into account’/at design inception. Whenever possible, the battery type selg¢cted
should be onevincluded in IEC 60086-2.

b) DOesign compartments so that batteries are easily inserted and do not fall out.

—

c) Design.compartments to prevent easy access to the batteries by young children.

d) DOimensions should not be tied to a particular battery manufacturer as this can cfreate
problems when replacements of different origin _are installed. Only consider the battery
dimensions and tolerances defined within IEC 60086-2 when designing the battery
compartment.

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

f) 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 minimise possible equipment damage from
battery leakage.

g) 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

General

2016

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

illust
unne
be sh

Figure B.2a — Correct insertion of the battery Figure/B72b — Incorrect insertion of the battery

Fi

B.3.3

cessary movement of batteries within the battery compartment. Battery contacts™s
ielded to prevent contact during reverse installation.

Insutated ribs hold the negative
terminal away from contact

Figure B.2 — Positive contact'recessed between ribs

Negative terminal contacts
only the insulated surround

gure B.3a — Corréctjinsertion of the battery Figure B.3b — Incorrect insertion of the battery

Figure B.3 — Positive contact recessed within surrounding insulation

Design of the negative contact

The

ated in Figures B.2 and B.3 below. Provision should also be made to prﬁvent

ould

(9]

oNowing suggestion is given for R03, R1, R6, R14 and R20 size battery compartni

nents

(see

Figure B.4).
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\\@ Positive terminal does not
contact U-shaped negative
contact but only insulated

centre

IEC

Figure B.4a — Correct insertion of the battery  Figure B.4b — Incorrect insertion of the battery

-

igure B.4 — Negative contact U-shaped to ensure no positive (+) battery contac

B.3.4 Design with respect to battery orientation

In orfler to avoid reverse insertion of batteries, it is recommended that all batteries havg the
same orientation. Examples are shown in Figures B.5a and B.5b.

Figue B.5a shows the preferred battery arrangement inside a devicéeswhile Figure B.5b shows

an alternative recommendation.
®
[ [
@

IEC

NOTE| Protection of the positive contact is*as shown in Figures B.2 and B.3.

Figure B.5a — Preferred battery orientation

® /®:@

/‘—‘ /’_‘
GG
P — —_—

IEC

NOTE 1 Protection of the contacts is in Figures B.2 or B.3 for the positive and Figure B.4 for the negative contact.

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

Figure B.5b — Alternative recommendation for battery orientation

Figure B.5 — Design with respect to battery orientation
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B.3.5 Dimensional considerations

Table B.1 provides critical dimensional details 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.

Table B.1 — Dimensions of battery terminals and recommended dimensions
of the positive contact of an appliance in Figure B.6

RdTevant dry batteries Dimension of the Dimension of the positive | Recommended dimengions
negative battery battery terminal of the positive contag¢t of
terminal an appliance in-Figur¢ B.6
dg? dsa hy? X Y
(mm-minimum) (mm- (mm- mm mm
maximum) minimum)
R20, LR20 18,0 9,5 1,5 9,646 11,0 0,5to|1,4
R14, LR14 13,0 7,5 1,5 7,6 to 9,0 0,5to|1,4
R6, LR6 7,0 5,5 1,0 5,6 to 6,8 0,4 to)0,9
R03, LR0O3 4,3 3,8 0,8 3,9to0 4,2 0,4 to|0,7
R1, LR1 5,0 4,0 0,5 4,11t04,9 0,1to)0,4

@ REfer to IEC 60086-2.

Y

d3 dﬁ

|
i

h3

Insulator L Insulator

Positive contact
of an appliance

Positive contact
of an appliance

Negative contact i Negative contact
of an appliance L of an appliance

/

IEC IEC

Figure B.6a — Correct insertion Figure B.6b — Incorrect insertion

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

Figure B.6 — Example of the design of a positive contact of an appliance
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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.6a is correct. In Figure B.6b 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.

The letter codes in Figure B.6 are as follows:

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.&overed by an insulating j
(see[B.2.1 c)), has the same voltage as the positive terminal.” Should the insulating jack
cut dr pierced by any conductive circuitry within an appliance, a short circuit may occ
shown in Figure B.7. (It should be noted that the damage described above can be aggra
if thel appliance is subjected to physical abuse, e.g.@bnormal vibration, dropping, etc.).

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 systen
batter|es addressed, if“this annex are interchangeable (see B.2.1).

Figure B.7 <—-Example of a short circuit, a switch is piercing the battery insulating j3

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

minimum outer diameter of the negative flat contact surface;

maximum diameter of the positive contact within the specified projection height;

£ 4l flaot H + E
Furc mdadt PpUoTtve Luritao i,

g;ll;lllulll HIUJ‘U\Jt;UII \v)

iameter of the recessed hole as a positive contact with the positive battery termin
should be bigger than d; but smaller than dg;

Depth of the recessed hole as a positive contact with the positive battery tern
Y|should be smaller than #5.

Short circuit

® Ol ® ©

IEC

al. X

hinal.

hcket
et be
Ir as
ated

s, the

cket

from

damaging the battery jacket.

Insulator

/ IEC

Figure B.8 — Typical example of insulation to prevent short circuit
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It is also essential that no part of the equipment or equipment circuitry, including rivets or
screws, used to secure the battery contacts etc. is allowed to contact the battery case/jacket.

B.4.2 Measures to prevent external short-circuit of a battery caused when coiled
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.

oW s

IEC

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

& @ f O ®p
W\

IEC IEC

-n

gure B.10a — Spring slides underneath the Figure B.10b — Jacket is punctured
jacket and contacts the metal can

Figure B.10 —xExamples showing distorted springs

Prevention: in order to eliminate the possible incidents shown in Figure B.10, [it is
reco¥mended that the design of the battery compartment allows the battery, when corfectly

inserted (negative terminal first), to evenly compress the coil spring as shown in Figure B.11.
The inhsulated guide above the negative (=) connections in Figure B.11 ensures this.

Insulated guide

IEC

Figure B.11 — One example of protected insertion

The end 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 spring wire should be of sufficient diameter as specified in Table B.2. The spring contact
pressure should be sufficient to ensure that the batteries make and maintain good electrical
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.


https://iecnorm.com/api/?name=bd45ec6bbac36532dbed32c591ac2f18

IEC 60086-5:2016 © IEC 2016 -31-

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.

Table B.2 — Minimum wire diameters

Battery type Minimum wire diameter
mm
R20 LR20 0,8
R14 LR14 0,8
R6 LR6 0,4
R03 LRO3 0,4
R1 LRA1 0,4

B.5 | Special considerations regarding recessed negative.contacts

IEC $0086-2 specifies the maximum recess of the negative battery terminal from the ext
jackdt. Many R20, LR20, R14 and LR14 batteries have a_fecessed negative terminal. §
batteries are provided with projections of insulating resin on the negative terminal in ord
prevent electrical contact if the battery is reversed.

NOTE| It is imperative that the above shapes and dimensions.of negative battery terminals are taken into a
during the early stage of the design of the negative contact\of an appliance. Specific precautions of three (3
of conftacts which are generally used are described in_th& following.

a) hen a spring coil is used as the negative contact of an appliance: the diameter g
cpil which interfaces with the battery,should be smaller than dg, where dg is the ext

diameter of the contact surface of-the negative battery terminal.

b) here sheet metal is cut and formed to make a negative contact (see Figure B.12)

ernal
bome
er to

count
kinds

f the
ernal

it is

essential that the dimensions %, and dg, as defined in Table B.3, are noted and acted

upon. As shown in FigurevB.12 a projection/pip should be provided. This projectio
should be of sufficient- depth to overcome any recess in the battery terminal (dime
). Failure 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 appli
iff is essential that one or more ‘pips’/projection(s) are provided to ensure battery co
he projection(s) should be of sufficient depth to overcome any recess in the neg
terminal ofythe battery (dimension #,) and be placed within the confines of the ba
terminal-contact area (dimension dg).

n/pip
nsion

nce,
tact.
ative
ttery
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/ /

IEC IEC
Figure B.12a - Spring coil Figure B.12b — Plate spring cofntact
Figure B.12 — Example of negative contacts
Table B.3 — Dimensions of the negative battery terminal
Batfery type Maximum recessed dimension of External diameter of the contact surfjce
negative battery terminal h4a of negative battery terminal a!sa
mm mm
R20, |[LR20 1,0 18,0
R14,|LR14 0,9 13,0
R6, UR6 0,5 7,0
R03,|LR0O3 0,5 4,3
R1, UYR1 0,2 5,0

a

Reference IEC 60086-2.

It should be stressed that battery,compartment dimensions should not be tied to dimen

and

olerances of a particular manufacturer as this can create problems if replacemern

diffefent origin are installed.

For

refer

limensional details\particularly those related to the positive and negative term

battery specifications contained in IEC 60086-2.

B.6

Waterproof and non-vented devices

5ions
ts of

nals,

ence should be made to Figure 1a and Figure 1b of IEC 60086-2:2015 and the rel¢vant

It is| important that hydrogen gas generated in the batteries is either remove
recombination reaction or allowed to escape: otherwise a spark could ignitp the entralpped
hydrogen/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

stat

B.7

a)

b)

ement in paragraph 7.1n)

Other design considerations

d by

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 minimise possible damage and/or risk of injury resulting from battery leakage.

Much equipment is designed to operate with alternative power supplies (e.g. mains,
additional batteries, etc.) and this is particularly relevant to primary battery memory back-

up applications. In these situations, the circuitry of the equipment should be so desi
to either

gned
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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 explosion.

c) Hositive (+) and negative () battery contacts should be visibly different in form {o, avoid
cpnfusion when inserting batteries.

d) Select terminal contact materials with the lowest electrical resistance and compatiblg with
bjattery contacts.

e) Battery compartments should be non-conductive, heat resistant, non-flammable and [have
good heat radiation. They should not deform when a battery is inserted.

f) quipment designed to be powered by air-depolarised batteriesCof 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 notpermissible, 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 Qutputs 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 formef two

batteries may occur.

Potential hazards:arising from forced discharging (driving into reverse voltage).

1)
2)
3)

® OH® Ol® OH® Ol® Oll® ©

R1

—

P = r2

IEC

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

Qas generation within the forced discharged battery/batteries.
\lent ‘activation

Electrolyte leakage

NOTE Battery electrolytes are harmful to body tissues.
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Annex C
(informative)

Safety pictograms

General

2016

Cautionary advice to fulfil the marking requirements in this standard has, on a historical basis,

been
use d

The

f pictograms as a complementary or alternative means of product safety communica

bbjectives of this annex are: (1) to establish uniform pictogram recommendations th3

tied fo long-used and specific written text, (2) to minimize the proliferation of safety picto

desid
to co

C.2

The

ns, and (3) to lay the foundation for the use of safety pictograms instéad of written
mmunicate product safety and cautionary statements.

Pictograms
bictogram recommendations and cautionary advices are.given in Table C.1.

Table C.1 — Safety pictograms (1 of 2)

the
ion.

t are
gram
text

Reference Pictogram Cautionary advice

A DO NOT CHARGE

B DO NOT DEFORM / DAMAGE
C DO NOT DISPOSE OF IN FIRE
D DO NOT INSERT INCORRECTLY

NOTE The grey shading highlights a white margin appearing when the pictogram is printed on coloured or
black background.
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Table C.1 (2 of 2)

Reference Pictogram Cautionary advice
E KEEP OUT OF REACH OF CHILDREN
NOTE See 7.1 1) for critical safety information
IEC

NOTE Under consideration to replace

pictogram E
F DO NOT MIX DIFFERENT TYPES OR BRANDS
€ DO NO©T MIX NEW AND USED
H DO NOT OPEN / DISMANTLE

DO NOT SHORT CIRCUIT

INSERT CORRECTLY

NOTE The grey shading highlights a white margin appearing when the pictogram is printed on coloured or

black background.
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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 pictogram 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.



https://iecnorm.com/api/?name=bd45ec6bbac36532dbed32c591ac2f18

IEC 60086-5:2016 © IEC 2016 - 37 -

(1]
(2]
(3]
(4]

(]

(6]
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COMMISSION ELECTROTECHNIQUE INTERNATIONALE

PILES ELECTRIQUES -
Partie 5: Sécurité des piles a électrolyte aqueux

AVANT-PROPOS

1) Lal] Commission Electrotechnique Internationale (IEC) est une organisation mondiale de normalilsation

6)

composée de I'ensemble des comités électrotechniques nationaux (Comités nationaux de I'lEC). LNEC

objet de favoriser la coopération internationale pour toutes les questions de normalisation dans<les-don|
delI'électricité et de I'électronique. A cet effet, '|EC — entre autres activités — publie des Normes§-internati
dep 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 eomités d'étude
trgavaux desquels tout Comité national intéressé par le sujet traité peut participer./Les organisg
rnationales, gouvernementales et non gouvernementales, en liaison avec I'lEC, participent égaleme

Lep Publications de I'lEC se présentent sous la forme de recommandations internationales et sont ag
comme telles par les Comités nationaux de I'lEC. Tous les efforts“raisonnables sont entrepris afin qug
s'gssure de I'exactitude du contenu technique de ses publications; I'lEC ne peut pas étre tenue responsa
I'épentuelle mauvaise utilisation ou interprétation qui en est faité\par un quelconque utilisateur final.

D4dns le but d'encourager I'uniformité internationale, les Comités nationaux de I'lEC s'engagent, dans tg
megsure possible, a appliquer de fagon transparente les Rublications de I'lEC dans leurs publications nati
et|régionales. Toutes divergences entre toutes Publications de I'IEC et toutes publications national
régionales correspondantes doivent étre indiquées en’termes clairs dans ces dernieres.

C elle-méme ne fournit aucune attestation deconformité. Des organismes de certification indépe
fournissent des services d'évaluation de conformité et, dans certains secteurs, accédent aux marqu
cohformité de I'lEC. L’IEC n'est responsable(diaucun des services effectués par les organismes de certifi
indépendants.

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

7) Augune responsabilité ne doit étre imputée a I'lEC, a ses administrateurs, employés, auxiliaires ou manda

y ¢ompris ses experts particuliers.et les membres de ses comités d'études et des Comités nationaux de
popr tout préjudice causé en cas de dommages corporels et matériels, ou de tout autre dommage de q{
nafure que ce soit, directe_ou indirecte, ou pour supporter les colts (y compris les frais de justice)
dépenses découlant delta\ publication ou de l'utilisation de cette Publication de I'lEC ou de toute
Publication de I'l[EC, ol _au crédit qui lui est accordé.

I'opjet de_droits de brevet. L'IEC ne saurait étre tenue pour responsable de ne pas avoir identifié de tels
de|brevetsiet de ne pas avoir signalé leur existence.
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La Nprmé internationale IEC 60086-5 a été établie par le comité d'études 35 de I'lEC: Pilgs.

Cette quatrieme édition annule et remplace la troisieme édition parue en 2011. Cette édition
constitue une révision technique.

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

a)

b)
c)

d)

La définition du terme explosion a été modifiée pour I'harmoniser avec les a
définitions de la série IEC 60086;

Empécher I'élimination de I'hnydrogéne, la phrase a été révisée,

Empécher les mauvais usages, la phrase sur les compartiments avec des
connectées en paralléle a été révisée.

La méthode de détermination de la résistance d’isolement a été clarifiée.

utres

piles
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Le texte de cette norme est issu des documents suivants:

FDIS Rapport de vote
35/1360/FDIS 35/1361/RVD

Le rapport de vote indiqué dans le tableau ci-dessus donne toute information sur le vote ayant
abouti a 'approbation de cette norme.

Cette publication a été rédigée selon les Directives ISO/IEC, Partie 2.

Une |iiste de toutes les parties de la série IEC 60086, publiées sous le titre général [Piles
électriques, peut étre consultée sur le site web de I'lEC.

Le comité a décidé que le contenu de cette publication ne sera pas modifié avant la daje de
stabilité indiquée sur le site web de I'lEC sous "http://webstore.iec.ch" dans les données
relatijves a la publication recherchée. A cette date, la publication sera

e regconduite,

—

e slipprimée,

—

emplacée par une édition révisée, ou

e amendée.
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INTRODUCTION

La notion de sécurité est étroitement liée a la protection de I'intégrité des personnes et des
biens. La présente partie de I'lEC 60086 spécifie les exigences et essais pour les piles a
électrolyte aqueux et elle a été établie conformément aux lignes directrices ISO/IEC en
prenant en compte les normes nationales et internationales correspondantes. Cette norme
donne également des lignes directrices 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 sécurité consiste en un équilihrp entre I'absence de riqqnpq de dnmmagpq et d’autres
exiggnces auxquelles le produit doit satisfaire. La sécurité absolue ne peut pas exister.\Méme
au n|veau le plus élevé de sécurité, le produit peut n’offrir qu'une sécurité relative: A cet
égard, la prise de décision repose sur I’évaluation des risques et les jugements sura ségurité.

Compte tenu des différents problémes posés par la sécurité, il est impossible de fournjir un
ensemble de dispositions et de recommandations précises qui s’appliquéeront a chaque| cas.
Cepgndant, la présente norme, si elle est suivie de maniére judiciéuse, c'est a dine en
"l'utiljsant lorsqu'elle est applicable", fournira des dispositions suffisamment cohérentgs en
matiére de sécurité.



https://iecnorm.com/api/?name=bd45ec6bbac36532dbed32c591ac2f18

- 44 - IEC 60086-5:2016 © IEC

PILES ELECTRIQUES -

Partie 5: Sécurité des piles a électrolyte aqueux

1 Domaine d’application

2016

La présente partie de I'lEC 60086 spécifie des essais et des exigences pour les piles a

électfolyte aqueux pour assurer leur fonctionnement sir dans des conditions d'utilisation

prév

2

Les

parti¢, dans le présent document et sont indispensables pour som-application. Pou

référ

derniere édition du document de référence s’applique (y compris les-éventuels amendem
IEC 60086-1, Piles électriques — Partie 1: Généralités

IEC 60086-2, Piles électriques — Partie 2: Spécifications{physiques et électriques

e et de mauvais usage raisonnablement prévisible.

Références normatives

flocuments suivants sont cités en référence de maniére normative, en intégralité d

ences datées, seule I'édition citée s’applique. Pour les références non datée

IEC

(sinujsoidales)

IEC

IEC 60068-2-31, Essais d'environnement — Partie 2-31: Essais — Essai Ec: Choc lié §

mandg

3 1

Pour

NOTE|
desso

3.1
batte

0068-2-6, Essais d'environnement — Partie 2-6: Essais — Essai Fc: Vibra

0068-2-27, Essais d'environnement = Partie 2-27: Essais — Essai Ea et guide: Choc]

tentions brutales, essai destiné en premier lieu aux matériels

'ermes et définitions

les besoins du_présent document, les termes et définitions suivants s'appliquent.

Certaines ,définitions de I'lEC 60050-482, de I'lEC 60086-1 et du Guide ISO/IEC 51 sont répété
s par commaodité.

rie

uen
r les
s, la

ents).

tions

des

es Ci-

un o

1 plusieurs éléments connectés électriquement de facon permanente, placés dan

S un

boftier, munis de bornes, de marquages et de dispositifs de protection, etc., selon les besoins
de l'utilisation

3.2

bouton (élément ou pile)
petit élément ou petite pile de forme ronde dont la hauteur totale est inférieure au diamétre

Note 1 a l'article:

Le terme anglais "button" (bouton) est utilisé uniquement pour les piles qui ne sont pas au

lithium et le terme anglais "coin" (piéce de monnaie) est utilisé uniquement pour les piles au lithium. Dans les
autres langues, le terme bouton est utilisé quel que soit le systéme électrochimique.
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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]

34
élément composant
élément contenu dans une pile

3.5
(élément ou pile) cylindrique
élément rond ou pile ronde de forme cylindrique dont la hauteur totale est supérieure ou ¢gale
au dipmeétre

[SOYURCE: IEC 60050-482:2004, 482-02-39, modifiee ("élément dey forme cylindrjque”
rempflacé par "élément rond ou pile ronde")]

3.6
explpsion (explosion de pile)
ouvefture d'un élément ou d'une pile avec éjection violente ‘des composants solides

3.7
feu
émission de flammes provenant d'un élément ou.d'une pile d'essai

3.8
utiligation prévue
utilisation conforme aux informations fournies avec un produit ou un systéme ou, en I'abgence
de tefles informations, conforme aux . schémas d'utilisation généralement reconnus

[SOYRCE: Guide ISO/IEC 51:2014, 3.6]

3.9
fuite
pertg imprévue d’électrolyte provenant d'un élément ou d’une pile

[SOYRCE: IEC£60050-482:2004, 482-02-32]

3.10
tensjon/nominale (d’une pile)
Vn
valeur approchée appropriée d’une tension utilisée pour désigner ou identifier un élément,
une pile ou un systéme électrochimique

[SOURCE: IEC 60050-482:2004, 482-03-31, modifié (ajout de "(d'une pile)" et du symbole V)]

3.1
pile
élément ou pile qui n'est pas congu(e) pour étre rechargé(e) électriquement

3.12
(élément ou pile) parallélépipédique
élément ou pile ayant la forme d'un parallélépipéde dont les faces sont rectangulaires
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[SOURCE: IEC 60050-482:2004, 482-02-38, modifié (suppression de "qualifie un")]

3.13

dispositifs 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

3.14

mauvais usage raisonnablement prévisible

utilisation d'un produit ou d'un systéme dans des conditions ou a des fins non prévues par le
fournisseur, mais qui peut provenir d’'un comportement humain envisageable

[SOURCE: ISO/IEC Guide 51:1999, 3.14, modifié ("d'un procédé ou d'un service’sremplacé
par "pu d'un systéme" et suppression de la Note)]

3.15
(élément ou pile) rond(e)
élément ou pile de section circulaire

3.16
sécurité
absepce de risque intolérable

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

3.17
non féchargé
état de charge d’une pile correspondant a unegprofondeur de décharge de 0 %

3.18
dégdzage
dégal;ement de pression interne excessive d'un élément ou d’'une pile de maniére prévuge par
la cohception pour empécher une explosion

4 [Exigences relatives a'la sécurité

4.1 | Conception
411 Généralités

Les piles dojvent étre congues de maniére a ne pas présenter de danger pour la ségurité
dans|des conditions d’utilisation (prévue) normale.

4.1.2 Dégazage

Toutes les piles doivent incorporer une fonction de limitation de la pression, ou doivent étre
construites de maniére a éviter une pression interne excessive, avec une valeur et un débit
qui empéchent les explosions. Si I’encapsulation est nécessaire pour le maintien des
éléments a [lintérieur d'un boitier extérieur, le type d’encapsulant et la méthode
d’encapsulation ne doivent pas provoquer la surchauffe de la pile en fonctionnement normal
ni entraver la fonction de limitation de la pression.

Le matériau du boftier de la pile et/ou son assemblage final doivent étre congus de sorte que,
dans I’éventualité d’'un dégazage d’un ou plusieurs éléments, le boitier de la pile ne présente
pas lui-méme de danger.
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4.1.3 Résistance d'isolement

—47 -

La résistance d'isolement entre les surfaces métalliques de la pile exposées a l'extérieur, a
I'exclusion des surfaces de contact électriques, et I'une des bornes ne doit pas étre inférieure

a5 MQab500 V_*S?,OV pendant au moins 60 secondes.

4.2 Plan de qualité

Le fabricant doit préparer et mettre en ceuvre un plan de qualité définissant les procédures
pour I'examen des matériaux, des composants, des éléments et des piles au cours de la
fabrication__devant étre nppliqnépc au processus r‘nmlnlp’r de Inrnr'lnr‘tinn d'un type Qpér\'fique

de pjle. Il convient que les fabricants comprennent leurs capacités de processus et pu'ils
engagent les contrdles de processus nécessaires dans la mesure ou ils sont liés a la ségurité
des produits.
5 Echantillonnage
5.1 | Généralités
Il convient de prélever des échantillons dans les lots de production conformémeny aux
méthpdes statistiques acceptées.
5.2 | Echantillonnage pour I’homologation de type
Le nombre d’échantillons prélevés pour ’lhomologation. de type est indiqué a la Figure 1.
Tension en ciréuit ouvert (n = 70)
Dimefsions (n = 70)
Utilisation
prévue
Mauvais usage
raisonnablement
A B-1 B-2 C prévisible
Utilisption Choc pendant Vibrations pendant |Climatique
partjelle le transport le transport (n=5)
(n$5) (n = 5) (n=5)
D E F G

Installation Court- Décharge Chutd

incorrecte circuit excessive libre

voir NOTE 1 externe voir NOTE 2

(n = 20) (n=5) (n = 20) (n=5

IEC

NOTE 1 Quatre piles connectées en série en inversant une des quatre piles (5 jeux).

NOTE 2 Quatre piles connectées en série dont I'une est déchargée (5 jeux).

Figure 1 — Echantillonnage pour essais d’homologation

de type et nombre exigé de piles


https://iecnorm.com/api/?name=bd45ec6bbac36532dbed32c591ac2f18

- 48 - IEC 60086-5:2016 © IEC 2016

6 Essais et exigences

6.1 Généralités
6.1.1 Essais de sécurité applicables

Les essais de sécurité applicables sont présentés au Tableau 1.

Les essais décrits aux Tableaux 2 et 6 sont destinés a simuler les conditions que la pile est
susceptible de rencontrer au cours de [Iutilisation prévue et du mauvais usage
raisonnablement prévisible.

Tableau 1 — Matrice d’essai
Tension Essais applicables
Lettre - - nominale | @
dy E‘IZC;?‘?: Electrolyte Elzzti:;:ge par g A |B1 | C D E F G
systeme 9 P élément w B-2
\
Pas qe Zinc (Zn) Chlorure Bioxyde 1,5 R X X X X X
lettre d'ammonium, de
Chlorure R B NR
de zinc manganeés
e (MnO,) Pr X X X X
X NR X X
A Zinc (Zn) Chlorure Oxygéne 1,4 X NR X X
d'ammonium, (O,)
Chlorure B NR
de zinc Pr X X X X
X NR X X
i Zinc (Zn) Hydroxyde Bioxyde 1,5 R X X X X
de
métal alcalin de . X NR X NR
manganges
e (MnO,) Pr X X X X
X NR X NR
A Zinc (Zn) Hydroxyde Oxygeén 1,4 R NR
de
métal alcalin | © (02) X NR X NR
Pr X X X X
NR
S Zinc (Zn) Hydroxyde Oxyde 1,55 R X NR X NR
de ]
métal alcalin d'argent X NR X NR
(Ag,0)
Pr X X X X
M NR
Description d'essai: Légende
A: stockage aprés utilisation partielle R:  cylindrique (3.5) X: exigé
B-1: choc pendant le transport B: bouton (3.2) NR: Non exigé
B-2: vibrations pendant le transport. Pr: monoélément
C:  cycles de température (climatiques). parallélépipédique (3.12)
D: installation incorrecte M:  multiélément
E: court-circuit externe.
F: décharge excessive

G: chute libre

Les éléments ou piles boutons des systémes L et S d'une capacité de 250 mAh et les éléments ou piles boutons
du systéme P d'une capacité de 700 mAh sont exemptés d'essai.
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6.1.2

— 49 —

Mention d'avertissement

AVERTISSEMENT

Ces essais font appel a des procédures qui peuvent entrainer des blessures si des
précautions appropriées ne sont pas prises.

Lors de la rédaction de ces essais, il a été estimé qu’ils seraient effectués par des
techniciens qualifiés et expérimentés utilisant des protections adéquates.

6.1.3 Température ambiante
Sauf|spécification contraire, les essais doivent étre effectués a une température-ambiante de
20 °¢ + 5 °C.
6.2 | Utilisation prévue
6.2.1 Essais et exigences en utilisation prévue
Tableau 2 — Essais et exigences en utilisation’prévue
Essai Simulation d’utilisation prévue Exigences
Essa| électrique A Stockage aprés utilisation partielle Aucune fuite (NL)
Aucun feu (NF)
Aucune explosion (NE)
Essals 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)
Essals de températures C Cycles de température (climatiques) | Aucun feu (NF)
(climgtiques) Aucune explosion (NE)
6.2.2 Procédures d’essais en utilisation prévue
6.2.2.1 Essai A — Stockage aprés utilisation partielle
a) Qbjet
Cet essai simule la situation dans laquelle un appareil est mis hors tension et que les|piles

installées sont partiellement déchargées. Les piles peuvent étre laissées dans l'appareil
pendantlongtemps, ou elles sont enlevées de 'appareil et stockées pendant longtemy

DS.

rvice

b) BRrotedure d’essai
e pite Mo déchargée estdechargee dans tes conditionsd essai d apptication/des
utile, avec l'essai de charge résistive la plus faible comme défini dans I'lEC 60086-2
jusqu’a ce que la durée de vie en service chute de 50 % de la valeur de la durée moyenne
minimale (MAD), avec ensuite un stockage a 45 °C = 5 °C pendant 30 jours.
c) Exigences
Il ne doit pas y avoir de fuite, de feu ou d’explosion pendant cet essai.
6.2.2.2 Essai B-1 — Choc pendant le transport
a) Objet

Cet essai simule la situation dans laquelle on laisse tomber par négligence un appareil
avec les piles installées a l'intérieur. Cette condition d’essai est généralement spécifiée

dans I'lEC 60068-2-27.
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b) Procédure d’essai

Une pile non déchargée doit étre soumise a I'essai comme suit.

L’essai de chocs doit étre effectué dans les conditions définies dans le Tableau 3 et en
suivant I'ordre indiqué dans le Tableau 4.

Impulsion de chocs — L’'impulsion de chocs appliquée a la pile doit correspondre a ce qui
suit:

Tableau 3 — Impulsion de chocs

A 1z e P 1 "
ARCCEeTETatron rorme u Uriue

\ccélération moyenne minimale Accélération de créte
trois premiéres millisecondes

75 g, 125 g, a 175 g, Semixsinusoidalg

NOTE g, =9,80665 m/s?.

Tableau 4 — Séquence d'essai

Etap Durée de stockage Orientation de la pile Nombre de choes Périodes de réalisation
© I'exam:r? visuell
1 - - = Avant essai
2 - a chacun 1 -
3 - a chacun 1 -
4 - a chacun 1 -
5 1h - - -
6 - - - Aprés essai
@ Le |choc doit étre appliqué dans chacune d€s)trois directions perpendiculairement les unes par rapporf aux
apitres.
Etape 1 Enregistrer latension en circuit ouvert conformément a 5.2.
Etape 2 a4 Appliquer (I'essai de chocs spécifié dans le Tableau 3 en suivant I'prdre
indiqué dans le Tableau 4.
Etape 5 Laisser la pile au repos pendant 1 h.
Etape 6 Enregistrer les résultats de I'examen
c) Eiigences

6.2.2.3 Essai B-2 — Vibrations pendant le transport

a)

b)

I[ne doit.pas y avoir de fuite, de feu ou d’explosion pendant cet essai.

bjet
Cet essai simule les vibrations pendant le transport. Cette condition d’essai est
généralement spécifiée dans I'lEC 60068-2-6.

Procédure d’essai

Une pile non déchargée doit étre soumise a I'essai comme suit.

L’essai de vibration doit étre effectué dans les conditions d’essai suivantes et en suivant
I'ordre indiqué dans le Tableau 5.

Vibrations — Un mouvement harmonique simple doit étre appliqué a la pile, I'amplitude
étant de 0,8 mm, avec une excursion maximale totale de 1,6 mm. On doit faire varier la
fréquence a un débit de 1 Hz/min entre les limites de 10 Hz et de 55 Hz. La plage entiere
de fréquences (10 Hz a 55 Hz) et retour (55 Hz a 10 Hz) doit étre traversée en (90 min
5) min pour chaque position de montage (sens de vibrations).
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Tableau 5 — Séquence d'essai

Etap Durée de stockage Orientation de la pile Temps de vibration Durées d'examen
e visuel
1 - - - Avant essai
2 - a (90 + 5) min chacun -
3 - a (90 + 5) min chacun -
4 - a (90 # 5) min chacun -
5 1h - - -
6 - — — Aprés/essai
@ Lg choc doit étre appliqué dans chacune des trois directions perpendiculairement les unes,par rapport aux
apitres.
Etape 1 Enregistrer la tension en circuit ouvert conformément & 5.2.
Etape 2 a4 Appliquer la vibration spécifiée en 6.2.2.3 en suivantdordre indiqué dans le
Tableau 5.
Efape 5 Laisser la pile au repos pendant 1 h.
Efape 6 Enregistrer les résultats de I'examen
c) Eiigences

ne doit pas y avoir de fuite, de feu ou d’explosioh_pendant cet essai.

6.2.2(4 Essai C — Cycles de température (climatiques)

a) Qbjet
Cet essai évalue l'intégrité d'étanchéité de la pile, qui peut étre affectée aprés les clycles
de température.

b) Hrocédure d’essai
Une pile non déchargée dajt étre soumise aux essais dans le cadre de la procédure
stiivante.
Pfocédure de cycles de températures (voir 1) a 7) ci-dessous et/ou la Figure 2)

1

3) Faire baisser la température de la chambre pour atteindre 20 °C £5°C en ¢ =3

pour atteindre 70 °C £ 5 °C en ¢4 = 30 min.
Maintenir_la.chambre a cette température pendant ¢, = 4 h.

et maintenir cette température pendant 5= 2 h.

Faire baisser la température de la chambre pour atteindre —20 °C + 5 °C ent; =3

et' maintenir cette température pendant 1, = 4 h.

5
6
7

) Augmenter la température de la chambre pour atteindre 20°C £ 5 °C en ¢, = 30 min.
) Répéter la séquence sur neuf cycles supplémentaires.

) Aprés le 10€ cycle, stocker les piles pendant sept jours avant examen.

Placer les piles dans une chambre d’essai et augmenter la température de la chambre

min

min
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70 °C

20 °C

-20°C

t1 t2 t1 l3 t1 t2 t
IEC

ty =30 min
ty = 4h
t, =2h

Figure 2 — Procédure de cycles de températures

c) Eiigences
lllne doit pas y avoir de feu ou d'explosion pendant cet essai.

6.3 | Mauvais usage raisonnablement prévisible
6.3.1 Essais et exigences en cas de mauvais . usage raisonnablement prévisible

Tahleau 6 — Essais et exigences en cas de_mauvais usage raisonnablement prévisible

Essai Simulation de mauvais usage Exigences

Essals 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)

Essa| d’environnement G Chute libre Aucun feu (NF)
Aucune explosion (NE)

* Vqgir NOTE 2 de£.3:2.1b)

6.3.2 Procédures d’essai en cas de mauvais usage raisonnablement prévisible

6.3.201 Essai D - Installation incorrecte (quatre piles en série)

a) Objet
Cet essai simule les conditions dans lesquelles une des piles d'un jeu de piles est
inversee.

b) Procédure d’essai

Quatre piles non déchargées de la méme marque, du méme type et de la méme origine
doivent étre connectées en série, dont une est inversée (B1) comme représenté a la
Figure 3. Le circuit doit étre maintenu pendant 24 h ou jusqu’a ce que la température du
boitier de la pile soit revenue a la température ambiante.

La résistance des circuits d’'interconnexion ne doit pas dépasser 0,1Q.
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6.3.2.2 Essai E — Court-circuit externe

a)

b)

6.3.2.3 Essai F = Décharge excessive

B1

IEC

Figure 3 — Installation incorrecte (quatre piles en série)

NOTE 1 Le circuit de la Figure 3 simule un mauvais usage type.

NPTE 2 Les piles ne sont pas congues pour étre chargées. Cependant, une pile inversée a l'installation dans
ue série de trois ou plus est exposée a une condition de charge. Bien que les piles cylindrigues [soient
cgdngues pour éviter une pression interne excessive, dans certains cas, il peut se produire une explosion.
E

Xigences

I[[ne doit pas y avoir de feu ou d’explosion pendant cet essai (voir la NOFE.2 de 6.3.4.1b)).

Qbjet
Ce mauvais usage peut intervenir au cours de la manipulation ‘quotidienne des piles.
Arocédure d’essai

Une pile non déchargée doit étre connectée comme indiqué a la figure 4. Le circuif doit
éfre maintenu pendant 24 h ou jusqu’a ce que la température du boitier de la pilg soit
g¢venue a la température ambiante. La résistance,des circuits d’interconnexion ng doit
pps dépasser 0,1Q.

—

IEC

Figure 4 — Court-circuit externe

Hxigences

lllne doit pas y avoir.de feu ou d'explosion pendant cet essai.

Qbjet

Cet essai.simule la condition ou une (1) pile déchargée est connectée en série avec|trois
(3) autres piles non déchargées.

Arocédure d’essai

Une pile non déchargée (C1) est déchargée dans les conditions d'essai d’application ou
de service utile, avec la valeur MAD la plus élevée (exprimée en unités de temps), comme
défini dans I'lEC 60086-2, jusqu’a ce que la tension en charge chute a (n x 0,6 V) ou n est
le nombre d’éléments dans la pile. Ensuite, trois piles non déchargées et une pile
déchargée (C1) de la méme marque, du méme type et de la méme origine doivent étre
connectées en série comme représenté a la Figure 5. La décharge doit étre poursuivie
jusqu’a ce que la tension en charge totale chute a quatre fois (n x 0,6 V).

La valeur de la résistance (R1) doit étre égale a environ quatre fois la valeur la plus faible
des essais de charge résistive spécifiés pour la pile dans I'lEC 60086-2. La valeur finale
de la résistance (R1) doit étre la valeur la plus proche de celle prescrite en 6.4 de
I''EC 60086-1:2015.
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c) Exigences
” 1T L;UIt pas'’y dVUiI L;U fcu Uu dIC)\piUbiUII pcllddllt bUt Ubba;.
6.3.24 Essai G — Essai de chute libre
a) Qbjet
Cet essai simule la situation dans laquelle on laisse tomber une pile accidentellement. La
copndition d’essai est fondée sur I'lEC 60068-2-31.
b) Hrocédure d'essai
Dies piles d’essai non déchargées sont lachées d’'une hauteur de-1 m sur une surfage en
bgton. Chaque pile d’essai est lachée a six reprises, une pile\parallélépipédique ung fois
stir chacune de ses six faces, une pile cylindrique deux fois)dans chacun des trois |axes
rgprésentés a la Figure 6. Les piles d'essai doivent ensuitelétre stockées pendant 1 h
z
X y
IEC
Figure 6 — Axes XYZ pour la chute libre
c) Eiigences
[I[ne doit pas y avoir de feu ou d'explosion pendant cet essai.
7 Ipformations relatives a la sécurité
71 Précautions au cours de la manipulation des piles
Si elles sont utilisées correctement, les piles a électrolyte aqueux fournissent une source de
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Figure 5 — Décharge excessive

puissance sOre et fiable. Cependant, le mauvais usage d'une pile ou des négligences
d'utilisation peuvent entrainer des fuites ou, dans des cas extrémes, des explosions et/ou un
incendie.

a) Toujours insérer les piles correctement en respectant les polarités (+ et -) marquées sur la

b)

pile et sur I'appareil

Les piles qui sont placées de maniére incorrecte dans l'appareil peuvent étre court-
circuitées, ou chargées. Cela peut donner lieu a un échauffement rapide provoquant des

dégazages, des fuites, des explosions et des dommages corporels.
Ne pas court-circuiter les piles
Si les bornes positive (+) et négative (-) d’'une pile sont en contact électrique entre

elles,

la pile subit un court-circuit. Par exemple des piles en vrac dans une poche ou dans un

sac a main contenant des clés ou des pieéces de monnaie peuvent étre court-circu

itées.
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