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INTERNATIONAL ELECTROTECHNICAL COMMISSION

PRIMARY BATTERIES —

Part 1: General

FOREWORD

International Electrotechnical Commission (IEC) is a worldwide organization for standardization comy
alllnational electrotechnical committees (IEC National Committees). The object of IEC is to promote, interna
coloperation on all questions concerning standardization in the electrical and electronic fields. To.this er]
in pddition to other activities, IEC publishes International Standards, Technical Specifications, Telchnical Re
Publicly Available Specifications (PAS) and Guides (hereafter referred to as “IEC Puhlication(s)”).
préparation is entrusted to technical committees; any IEC National Committee interested in‘the)subject ded
may participate in this preparatory work. International, governmental and non-governmental organizations |
with the IEC also participate in this preparation. IEC collaborates closely with the Interpational Organizat
Standardization (ISO) in accordance with conditions determined by agreement between the two organizati

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

IEC Publications have the form of recommendations for international Use and are accepted by IEC N
Cdmmittees in that sense. While all reasonable efforts are made ta, enSure that the technical content

Publications is accurate, IEC cannot be held responsible for thezway in which they are used or fd
miginterpretation by any end user.

In|order to promote international uniformity, IEC National -Committees undertake to apply IEC Public
transparently to the maximum extent possible in their nationaland regional publications. Any divergence bg
anl IEC Publication and the corresponding national or regignal publication shall be clearly indicated in the

IEC itself does not provide any attestation of conformity. Independent certification bodies provide conf|
aspessment services and, in some areas, accessA0-1EC 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.

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

Atjention is drawn to the Normative references cited in this publication. Use of the referenced publicati
indispensable for the correct application of this publication.

Atjention is drawn to the-passibility that some of the elements of this IEC Publication may be the subject of
rights. IEC shall not be\held responsible for identifying any or all such patent rights.
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2021

International Standard IEC 60086-1 has been prepared by IEC technical committee 35: Primary

cells

and batteries.

This thirteenth edition cancels and replaces the twelfth edition published in 2015. This edition
constitutes a technical revision.

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

a)
b)
c)
d)
e)

f)

a
d

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

Full'i
repof

The |

This
acco
at w
desc

A list
on th

The
stabi
the s

-

q

W

compliance checklist was added as an Annex H;

e nominal voltage of the zinc air system is now listed as either 1,4 V or 1,45V,
hnex F for calculation of MAD values was simplified;

validity period for testing was added;

e accelerated aging test at 45 °C was changed from 13 to 4 weeks;

FDIS Report on voting

35/1465/FDIS 35/1469/RYD

hformation on the voting for the approval of this Integnational Standard can be found i
t on voting indicated in the above table.

anguage used for the development of this International Standard is English.

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

vw.iec.ch/members_experts/refdoes’ The main document types developed by IEQ
ibed in greater detail at www.iec.ch/standardsdev/publications.

e |IEC website.

ity date indicatedon the IEC website under "http://webstore.iec.ch" in the data relat
pecific document. At this date, the document will be

confirmed,

ithdrawn,

-

q

n the

ed in

dance with ISO/IEC Directives, Part&*and ISO/IEC Directives, IEC Supplement, available

are

of all parts in the IEC 60086 series, under the general title Primary batteries, can be found

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

ed to

placed by a revised edition, or

amended.

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

The technical content of this part of IEC 60086 provides fundamental requirements

and

information on primary cells and batteries. All batteries within the IEC 60086 series are
considered dry cell batteries. In this sense, IEC 60086-1 is the main component of the

IEC 60086 series and forms the basis for the subsequent parts. For example, this part incl

udes

elementary information on definitions, nomenclature, dimensions and marking. While specific
requirements are included, the content of this part tends to explain methodology (how) and

justification (why).

inual

Over.the years this part has heen Phangpd to impm\/p its cantent and remains under con
scrutjny to ensure that the publication is kept up to date with the advances in both battery
battery-powered device technologies.

NoTE| Safety-information-is requirements and recommendations are available in|lEC 600
IEC 60086-5 and IEC 62281. Specifications are available in I[EC 60086-2 and IEC 600
Envijonmental aspects are dealt with in [IEC 60086-6.

and

B6-4,
B6-3.
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PRIMARY BATTERIES —

Part 1: General

1 Scope

This

2021

part of IEC 60086 is intended to standardize primary batteries with respect to dimensions,

nomenclature, terminal configurations, markings, test methods, typical performance, safety and

envir

pnmental aspects.

This
side,
stand

As a
elect

The
batte
inter
comg

and batteries.

This

2 N

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

cons
For
amer

IEC ¢

focument on one side specifies requirements for primary cell§-and batteries. On the
this document also specifies procedures of how requireme(ts for these batteries are
ardised.

classification tool for primary batteries, this document specifies system letters, electr

ry manufacturers by ensuring that chatteries from different manufacturers
hangeable according to standard form, fit and function. Furthermore, to er
liance with the above, this part spegifies standard test methods for testing primary

lormative references

itutes requirements of this document. For dated references, only the edition cited ap
undatedreferences, the latest edition of the referenced document (including
dments) applies.

bther
to be

des,

folytes, and nominal as well as maximum open gixcliit voltage of electrochemical systems.

bbject of this part of IEC 60086 is to benefit.primary battery users, device designerg and

are
sure
cells

document also contains requirements in Annex A justifying the inclusion or the ongoing
retention of batteries in the IEC(60086 series.

ntent
blies.
any

0086-2:2015=% Primary batteries — Part 2: Physical and electrical specifications

IEC 60086-3:2011, Primary batteries — Part 3: Watch batteries

IEC 60086-4:2014, Primary batteries — Part 4: Safety of lithium batteries

IEC 60086-5:2011, Primary batteries — Part 5: Safety of batteries with aqueous electrolyte
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3 Terms and definitions

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

ISO and IEC maintain terminological databases for use in standardization at the following
addresses:

e |EC Electropedia: available at http://www.electropedia.org/

e |SO Online browsing platform: available at http://www.iso.org/obp

3.1

appl
simu

3.2
batte
one
prote

[soU
nece

3.3

buttg
smal
aque

Note ]

“coin

cation test
ation of the actual use of a battery in a specific application

ry
br more cells electrically connected and fitted in a case, with terminals, markings
ctive devices etc., as necessary for use

RCE:IEC 60050-482:2004, 482-01-04, modified — removah~of "fitted with de
ssary for use.]

n (cell or battery)
round cell or battery where the overall height_is less than the diameter, contg
pus electrolyte

to entry:

el orbat
e-oBatt

h
ised-for lithium-batteries
Sea+to—+HHdh-da HES

(]

s lish the tarms “coin” and “H
StHtHEeteHRS—CoHH—ahta

and

vices

ining

he-term

utton”
HoH

SOt

are-of
(cell o

[soy

3.4
cell
basid
and
chenm

[soy

3.5
closé

Eng

ran-Engli i 4
e co

battery).

RCE: IEC 60050-482:2004 482<02-40]

functional unit, consisting of an assembly of electrodes, electrolyte, container, term
Isually separators,ithat is a source of electric energy obtained by direct conversi
ical energy

RCE:IEC{%0050-482:2004, 482-01-01]

pd<cifcuit voltage

putton

inals
bn of

Cccv

voltage across the terminals of a battery when it is on discharge

[SOURCE:IEC 60050-482:2004, 482-03-28, modified — "voltage between the terminals of a cell
or battery" replaced by "voltage across the terminals of a battery".]

3.6
coin

(cell or battery)

lithium button (cell or battery)
small round cell or battery where the overall height is less than the diameter, containing non-

aque

ous electrolyte

Note 1 to entry: The nominal voltage of lithium batteries is typically greater than 2 V.
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Note 2 to entry: See button (cell or battery).

3.7
cylindrical (cell or battery)

round cell or battery in which the overall height is equal to or greater than the diameter

[SOURCE:IEC 60050-482: 2004, 482-02-39, modified — "cell with a cylindrical shape" replaced

with "round cell or battery"]

3.8
discharge (of a primary battery)

oper@tion durlng which a Battery delivers current to an external circuit

3.9
dry (primary) battery
primary battery in which the liquid electrolyte is essentially immobilized

[SOYRCE:IEC 60050-482:2004, 482-04-14, modified — replacement.7of "containing an
immqbilized electrolyte.]
e R(Re}
fodtive i | .
the itarnal d ¢ racictanca of anv electrochemical call ie dafined byv the followina relation:
droif o e s e rosistionen e e oloetrosnonienl en e dlo i nd bt e e leaine olodions
AU (W)
AifA)
3.10
end-point voltage
EV
specffied voltage of a battery at which-the battery discharge is terminated
[SOYRCE:IEC 60050-482:2004+482-03-30]
3.11
leakage
unplanned escape of electrolyte, gas or other material from a cell or battery
Note 1 to entry: Leakage in this sense should not be confused with the test evaluation criteria for leakage spgcified

in Clafise 4 and,€lause 5 of this document.

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

3.12
minimum average duration

MAD

minimum average time on discharge which is met by a sample of batteries

Note 1 to entry: The discharge test is carried out according to the specified methods or standards and designed to

show conformity with the standard applicable to the battery types.

3.13
nominal voltage (of a primary battery)
VH Un

suitable approximate value of the voltage used to designate or identify a cell, a battery or an

electrochemical system
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[SOURCE:IEC 60050-482:2004, 482-03-31, modified — addition of "(of a primary battery)" and
symbol-V, U]

3.14

open-circuit voltage

ocv

voltage across the terminals of a cell or battery when it is off discharge

3.15

primary (cell or battery)
cell qc h::affpry that is naot dpcignpd to he plpr‘trir‘nlly rprhnrgpd

3.16
roungd (cell or battery)
cell gr battery with circular cross section

3.17
service output (of a primary battery)
servite life, or capacity, or energy output of a battery under specified\conditions of discharge

3.18
service output test
test designed to measure the service output of a battery

Note 1 to entry: A service output test may be prescribed, for example, when

a) an application test is too complex to replicate;

b) the duration of an application test would make it impractical for routine testing purposes.

2

call dr hattaryv fittina antiralv within thadidiite of tha truncated eviinder ac definad in Eigurd 1
cengrbattery-Hitihg-entirety—withinthesatsorthe- truncateacytihaeras—aethesa gurg—+

Y Y
=
o o
D
—
N~
[Te]
—
o o
F
A
Te]
N
Y
+0,1
@317 0
IEC
. .
3.19
storage life

duration under specified conditions at the end of which a battery retains its ability to perform a
specified service output

[SOURCE:IEC 60050-482:2004, 482-03-47, modified — "function” replaced by "service output".]
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nals (of a primary battery)

conductive parts of a battery that provide connection to an external circuit

4 Requirements

4.1

4.1.1

General

Design

ore

Primanbatteries-are sgld mainlhinconsumermarkets-lnrecentvears thev have become
P4 P4 P4 7 P4

soph
have

When designing primary batteries, the aforementioned considerations shall. be taken
int. Specifically, their dimensional conformity and stability, their physical’ and electrical

acco
perfo
be ag

Additional information on equipment design can be found in Annex/B-

4.1.2

The dimensions for individual types of batteries are givenh in' IEC 60086-2 and IEC 60086-3.

4.1.3

4.1.3

Term

Their

and paintain good electrical contaet-at all times.

They)|
corro

4.1.3

Whe
IEC ¢

sticated in both chemistry and construction, for example both capacity and rate caps

rmance and their safe operation under normal use and foreseeable misuse conditions
sured.

Battery dimensions

Terminals
1 General

inals shall be in accordance with Clause 6 of IEC 60086-2:2015.

physical shape shall be designed in such a way that they ensure that the batteries

shall be made of matgerials that provide good electrical conductivity and resistan
sion.

.2 Contact/pressure resistance

e stated Jinsthe battery specification tables or the individual specification sheg
0086-2the following applies:

force of 10 N applied through a steel ball of 1 mm diameter at the centre of each co

bility

increased to meet the growing demands from new, battery-powered equipment technology.

into

shall

make

Ce to

ts in

ntact
pvent

ea/for a period of 10 s shall not cause any apparent deformation which might pr¢

£ 4l

a
a
S
NOTE

4.1.3

Jt;DbetUly upcnatiun Ul U1 battxmy
See also IEC 60086-3 for exceptions.

.3 Cap and base

This type of terminal is used for batteries which have their dimensions specified according to
Figures 1 to 7 of IEC 60086-2:2015 and which have the cylindrical side of the battery insulated

from

4.1.3

the terminals.

4 Cap and case

This type of terminal is used for batteries which have their dimensions specified according to
Figures 8, 9, 10, 14, 15 and 16 of IEC 60086-2:2015, but in which the cylindrical side of the

batte

ry forms part of the positive terminal.
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4.1.3.5 Screw terminals

This contact consists of a threaded rod in combination with either a metal or insulated metal
nut.

4.1.3.6 Flat contacts

These are essentially flat metal surfaces adapted to make electrical contact by suitable contact
mechanisms bearing against them.

4.1.3.7 Flat or spiral springs

Thesge contacts comprise flat metal strips or spirally wound wires which are in a form that
provides pressure contact.

4.1.3/8 Plug-in-sockets

These are made up of a suitable assembly of metal contacts, mounted in an.insulated hotyising
or hdlding device and adapted to receive the corresponding pins of a mating plug.

4.1.3/9 Snap fasteners
4.1.39.1 General

Thesp contacts are composed of a combination comprising ‘a@’stud (non-resilient) for the positive
terminal and a socket (resilient) for the negative terminak

They| shall be of suitable metal so as to provide efficient electrical connection when joingd to
the cprresponding parts of an external circuit.

4.1.3/9.2 Snap fastener

This type of terminal consists of a stud for the positive terminal and a socket for the negative
terminal. These shall be made from'nickel plated steel or other suitable material. They shall be
designed to provide a secure physical and electrical connection, when fitted with similar
corrgsponding parts for connection to an electrical circuit.

4.1.3110 Wire

Wire|leads may be single or multi-strand flexible insulated tinned copper. The positive terminal
wire fovering shall*be red and the negative black.

4.1.3111 _Other spring contacts or clips

external
g-stmilar

cc ar nf atha a
S5O+ o0ther—ha

Thesp. ©ontacts are generally used on batteries whe
ael f

S
circub-arenet pr eis by lknonarn Thavy

the corresponding parts of the
_ iselyr-knewn—Fhey-s & i
properties.

4.1.4 Classification (electrochemical system)

Primary batteries are classified according to their electrochemical system.

Each system, with the exception of the zinc-ammonium chloride, zinc chloride-manganese
dioxide system, has been allocated a letter denoting the particular system.

The electrochemical systems that have been standardized up to now are given in Table 1.
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Table 1 — Standardized electrochemical systems
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Negative Nominal Maximum
Letter electrode Electrolyte Positive electrode voltage open circuit
voltage
\Y \Y,
No letter | Zinc (Zn) Ammonium chloride, Manganese dioxide (MnO,) 1,5 1,73
zinc chloride
A Zinc (Zn) Ammonium chloride, Oxygen (O,) 1,4 1,55
zinc chloride
B Lithium (Li) Organic electrolyte Carbon monofluoride (CF) 3.0 3.7
(¢ Lithium (Li) Organic electrolyte Manganese dioxide (MnO,) 3,0 37
B Lithium (Li) Non-aqueous Thionyl chloride (SOCI,) 3,6 3,9
inorganic
H Lithium (Li) Organic electrolyte Iron disulfide (FeS,) 1,5 1,83
g Lithium (Li) Organic electrolyte Copper (Il) oxide (CuO) 1,5 2,3
L Zinc (Zn) Alkali metal hydroxide | Manganese dioxide (MnO,) 1,5 1,68
H Zinc (Zn) Alkali metal hydroxide | Oxygen (O,) 1,4 0r 1,45 1,59
S zZinc (Zn) Alkali metal hydroxide | Silver oxide (Ag,0) 1,55 1,63
W Lithium (Li) Organic electrolyte Sulphur dioxide (SO) 3,0 3,05
Y Lithium (Li) Non-aqueous Sulfuryl chloride (SO,CI,) 3,9 4,1
inorganic
Vi Zinc (Zn) Alkali metal hydroxide | Nickel bxyhydroxide 1,5 1,78
(NIOOH)

NOTE 1 The value of the nominal voltage is not verifiable; therefore it is only given as a reference.

NOTE 2 The maximum open-circuit voltage (3,14)is measured as defined in 5.5 and 6.8.1.

NOTE 3 When referring to an electrochemical’'system, common protocol is to list negative electrode first, follpwed
by p¢sitive electrode, i.e. lithium-iron disulfide.

NOTE 4 Reference to the electrosheriical systems of this table usually appears in a simplified form such a$, for
exanpple, “B and C system batteriesj*or “batteries of the no letter system”.

4.1.5 Designation

The [designation™ of primary batteries is based on their their

electfochemical'system as well as modifiers, if needed.

physical parameters,

A comprehensive explanation of the designation system (nomenclature) can be fouvrd in
Annex €

4.1.6 Marking

General-{see-Table2)

For an overview of marking requirements refer to Table 2. With the exception of-small batteries
too small to mark with all items (see 4.1.6.2), each battery shall be marked with the following
information:

4.1.6.1

a) designation, IEC or common;

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

c) polarity of the positive (+) terminal;
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d) nominal voltage;
e) name or trade mark of the manufacturer or supplier;

f) cautionary advice.

NOTE Examples of the common designations can be found in Annex D of IEC 60086-2:2015.

4.1.6.2 Marking of smaller batteries{see-TFable 2}
a) Batteries-desighated-in-the lEC-as-small Some batteries, mainly category 3 and category 4

batteries, have a surface too small to accommodate all markings shown in 4.1.6.1. For these
batterles the de5|gnat|0n 4 1 6 1a) and the polarlty 4.1. 6 1c) shaII be marked on the battery.

of on

b) Fpr P-system batteries, 4.1.6.1a) may be on the battery, the sealing tab or thé.package.

4[1.6.1c) may be marked on the sealing tab and/or on the battery. 4.1.6.1b), 4,.1.6.1d) and

4[1.6.1e) may be given on the immediate packing instead of on the battery.|/The nominal
vpltage may be marked either 1,4 V or 1,45 V.

c) Caution for ingestion of swallowable batteries shall be given. Refer to-current valid vergions
of IEC 60086-4:2014(7.2-a)-and-9-2) and IEC 60086-5:2011 (7.1 }}ahd-9.2) for details.
Table 2 — Marking requirements

) ) Smalbatteries Batterieq too
Batteries with the small to accommodate [all
. exception of-sépH markings
Marking batteries tootgmall to
accommodat€ all'markings P-system
batterie
a) |Designation, IEC or common A A C
b) |Expiration of a recommended usage
period or year and month or week of A B B
manufacture. The year and month or week
of manufacture may be in code
c) |Polarity of the positive (+) terminal A A D
d) |Nominal voltage
e) |Name or trade mark of the manufacturer A B B
or supplier
f) Cautionary advice A B2 B2
Key
A: shall be marked on the battery
B: mpy be marked.ensthe immediate packing instead of on the battery
C: mpy be marked.on the battery, the sealing tab or the immediate packing
D: mpy be marked on the sealing tab and/or on the battery
a8 daution-for ingestion of swallowable batteries shall be given. Refer to IEC 60086-4:2014{7.2a)-and-9-2} and
IEC\60086-5:2011(7-1}-and-9-2) for details.

4.1.6.3 Marking of batteries regarding method of disposal

Marking of batteries with respect to the method of disposal shall be in accordance with local
legal requirements.
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4.1.7 Interchangeability: battery voltage

Primary batteries as presently standardized in the IEC 60086 series can be categorized by their
standard discharge voltage U 2. For a new battery system, its interchangeability by voltage is

assessed for compliance with the following Formula (1):

o)
¢n
3
n]
=
=
¢n

q
5

nx0,85 U, <m<Ug <nx1,15U, (1)

wherp

>

is the number of cells connected in series, based on reference voltage Uj;
is the number of cells connected in series, based on standard discharge voltage Ug;

, Is the reference voltage;

c C 3

s Is the standard discharge voltage.

Currently, two voltage ranges that conform to the above formuld have been identified. Thely are
identjfied by reference voltage U,, which is the midpoint of(the relevant voltage range.

Voltgge range 1, U, = 1,40 V: Batteries having a standard discharge voltage m x Ug equal|to or
withip the range of n x 1,19 Vton x 1,61 V.

Voltgge range 2, U, = 3,20 V: Batteries having a standard discharge voltage m x Ug equal|to or
withip the range of n x 2,72 Vto n x 3,68 V.

Fheterm Details on the standard discharge voltage and related quantities, as well ag the
methpds of their determination, are given in Annex D.

NOTE| For single-cell batteries and-for multi-cell batteries assembled with cells of the same voltage range, mland n
will bg identical; m and n will be.different for multi-cell batteries if assembled with cells from a different voltage|range
than those of an already standardized battery.

Voltage range 1 eneempasses all presently standardized batteries with a nominal voltage of
1,5V, i.e. "no-lefter" system, systems A, F, G, L, P, S and Z.

Voltage range 2 encompasses all presently standardized batteries with a nominal voltage of
3V, [|e,systems B, C, E,WandY.

Because batteries from voltage range 1 and voltage range 2 show significantly different
discharge voltages, they shall be designed to be physically non-interchangeable. Before
standardizing a new electrochemical system, its standard discharge voltage shall be determined
in accordance with the procedure given in Annex D to resolve its interchangeability by voltage.

WARNING Failure to comply with this requirement can present safety hazards to the user, such as fire, explosion,
leakage and/or device damage. This requirement is necessary for safety and operational reasons.
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Performance

Discharge performance

Discharge performance of primary batteries is specified in IEC 60086-2.

4.2.2

Dimensional stability

The dimensions of batteries shall conform to the relevant specified dimensions as given in
IEC 60086-2 and IEC 60086-3 at all times during discharge testing under the standard

conditions-given-in-this-specification.

NOTFEH An increase in battery height of 0,25 mm can occur with button and coin cells ofithe-B-
C; G| L, P and S systems, if discharged below end-point voltage.

NOTEL2 Eor cartain button cells (coin cells) of the C and B svystems 3 decrease in hattery lraiadt mav ageckbur as
NOTE| 2 Forcertain-buttoncels{coin-cells)-of the-C-and-B-systems—a-decrease-in-batteryleight-may-octuras
As irfformation for battery compartment manufacturers, for certain coin~€ells of the C and B

systq

4.2.3

ms, a decrease in battery height can occur if discharged below-end-point voltage.

Leakage

When batteries are stored and discharged under the standard.conditions given in this docu

nent,

no lepkage shall occur.

4.2.4 Open-circuit voltage limits

The fnaximum open-circuit voltage of batteries-shall not exceed the values given in Table|1.

4.2.5 Service output

Discharge durations, initial and delayed, of batteries shall meet the requirements given in

IEC 60086-2.

4.2.6 Safety

When designing primary\batteries, safety under conditions of intended use and foresegable

misuge as prescribed(in [EC 60086-4 and IEC 60086-5 shall be considered.

4.2.7 Validity of testing

Portgdble prilmaty batteries shall be subjected to the tests, as required in the 60086 series.[Test

resulfs rémain valid until a design change or requirement revision has been made. Retgsting

is requirxed when:

a) a battery specification changes by more than 0,1 g or 20 % mass, whichever is greater, for
the cathode, anode or electrolyte;

b) a battery specification changes that would lead to a failure of any of the tests;

c) there is an addition of new tests or requirements; or

d) there is a requirement change that would lead to a failure on any of the tests.

5 Performance — Testing

5.1 General Capacity testing versus application and service output testing

For the preparation of standard methods of measuring performance (SMMP) of consumer goods,
refer to Annex E.
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A capacity of a primary battery may be established by electrical discharge tests as detailed in

D.2.3. However, under consumer usage conditions, the capacities realised from elec
discharge test methods can vary.

The following factors/variables dramatically impact on optimum capacity realisation.

a) The current demand from the external electrical circuit/device.

b) The frequency of current demand (continuous or intermittent usage).

c) The minimum voltage at which the device will satisfactorily operate (cut off voltage).
d) The temperature of operation.

From the variables listed in a) to d), high current demand for prolonged periods coupled
high |cut off voltage and low temperature represents the worst case conditions fesulti
significant capacity loss.

Becaluse the electrically or chemically derived capacity of a primary battery-cannot be re
used|in any calculation of ultimate battery performance it is nevertheless-essential to conv
the user some idea of battery performance/life when used in typical battery powered de\
It should however be noted that such designated ‘application tests~(defined in 60086-2)
not gntirely replicate a device/application there being many vafiations, each with diff
electrical requirements in the marketplace. Furthermore battery performance may be fu
affected by one or more of the conditions in a) to d) above.

Fheffollowing Annex E has therefore been derived<from ISO/IEC Guide 36:1982
withdrawn).

5.2 | Discharge testing
5.2.1 General
The dlischarge tests in this document fallinto two categories:

— application tests;

]

Prvice output tests.

In both categories of tests,-discharge loads are specified in accordance with 6.4.
The fest methods of-determining the load and test conditions are as given in 5.2.2 and 5.7

5.2.2 Application tests

5.2.211 General
a) The equivalent resistance is calculated from the average current and average open

trical

ith a
ng in

iably
ey to
ices.
may
ering
rther

(now

p.3.

ating

vﬁh‘agp of the pquipmpnt under load.Constant current or constant power loads are

also

permitted for applications exhibiting these types of power demand patterns.

b) The functional end-point voltage and the equivalent resistance load, current load, or
constant power values are obtained from typical application equipment measurements.

¢) The median class defines the load value and the end-point voltage to be used fo
discharge test.

r the

d) If the data are concentrated in two or more widely separated groups, more than one test

may be required.

Application tests may be accelerated by discharge load, daily period duty cycle, or both. The

specified values for load and time intermittency should take the following factors
consideration:

— discharge efficiency of the battery relative to the application,

into
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— typical duty cycle use patterns for the application,

— total time to conduct the test typically not to exceed 30 days.

Some fixed resistance tests have been chosen to permit simplicity of design and ensure
reliability of the test equipment, despite the fact that, in specific instances, constant current or
constant wattage tests may be a better representation of the application.

In the future, alternative or additional load conditions may be necessary to effectively represent
the range of applications in use. It is likely that the load characteristics of a particular category

of eq

uipment will change with time in a developing technology.

The
poss

brecise determination of the functional end-point voltage of the equipment is not.al
ble. The discharge conditions are at best a compromise selected to represent,a‘catg

of equipment which may have widely divergent characteristics.

Neve
know

NOTE
applial

5.2.2

rtheless, in spite of these limitations, the derived application test is the-best appr
n for the estimation of battery capability for a particular category of equipment.

In order to minimize the proliferation of application tests, the tests specified”should target-te—be
hces accounting for 80 % of the market by battery designation.

.2 Application tests with multiple loads

For application tests with multiple loads, the load order during a cycle shall start wit

heav

5.2.3

For s

est load and move to the lightest load unless otherwise specified.

Service output tests

ervice output tests, the value of the load resistor should be selected such that the se

outpyt approximates 30 days.

When full capacity is not realized withifY the required time scale, the service output ma

exten
lowe

5.3

In or
and ¢
a) T
b) G

c) If
h

ded to the shortest suitable duration thereafter by selecting a discharge load of-h
ohmic value, as defined in 6.4

Conformance check'to a specified minimum average duration

jer to check the conformance of a battery to any discharge test specified in IEC 60(
0086-3, the test'shall be carried out as follows:

est eight badtteries.

alculate(the average without the exclusion of any result.

thiscaverage is equal to or greater than the specified figure and no more than one b3
hs\a, service output of less than 80 % of the specified figure, the batteries are consid

way's
pgory

oach

those

h the

rvice

y be
oo

86-2

ittery
ered

ta

conform to carvica autnit

COTToT T Tto—otTvict—output

d) If this average is less than the specified figure and/or more than one battery has a service
output of less than 80 % of the specified figure, repeat the test on another sample of eight
batteries and calculate the average as previously.

e) If the average of this second test is equal to or greater than the specified figure and no more
than one battery has a service output of less than 80 % of the specified figure, the batteries
are considered to conform to service output.

f) If the average of the second test is less than the specified figure and/or more than one
battery has a service output of less than 80 % of the specified figure, the batteries are
considered not to conform and no further testing is permitted.

g) For the purposes of verifying compliance with this document, conditional acceptance-may
shall be given after completion of the initial discharge tests.

NOTE

Discharge performance of primary batteries is specified in IEC 60086-2.
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Caleulation-method-of-the specified Guidance for considering proposed value of-a

minimum average duration

This-methed guidance is described in Annex F.

5.5

OCV testing

Open-circuit voltage shall be measured with the voltage measuring equipment specified in 6.8.1.

5.6

Insulation resistance

For |

surfa
appli
5.7

Dime
5.8

After
disch

time
4.2.3

NOTE
ClausH

6 A

6.1

Stord

AETES Wit msSuUtatng fabelS, TASES O JaCKELS, e TESISTAnce DEIWEEIT EXIEIMalty €X
ces of the battery and either terminal shall be equal to or greater than 5 MQ at 500%
bd for up to 60 s.

Battery dimensions

nsions shall be measured with the measuring equipment specified,i11)6.8.2.

Leakage and deformation

the service output has been determined under the specified environmental condition
arge shall be continued in the same way until the closed ‘circuit voltage drops for thd
below 40 % of the nominal voltage of the battery,,The requirements of 4.1.3, 4.2.2
shall be met.

For-wateh button and coin batteries, the visual examination for leakage is carried out in accordanc
b-8 the respective clauses of IEC 60086-3:2011 and IE€ 60086-5.

Performance — Test conditions

Storage and discharge conditions

defin
Disc

ge before discharge testing-and the actual discharge test are carried out under
d conditions. Unless ptherwise specified, the conditions given in Table 3 shall 3
arge conditions shown are further referred to as standard conditions.

Table 3 —Conditions for storage before and during discharge testing

osed
oov,

5, the
first
and

e with

well-
pply.
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Storage conditions Discharge conditions
Type of test Temperature Relative Duration Temperature Relative
humidity humidityd
°C % RH °C % RH
60 days maximum
Initial discharge test 20+52 55+ 20/ -40 after date of 20+ 2 55 + 20/ -40
manufacture
Delayed discharge 20+52 55+ 20/ -40 12 months 202 55 + 20/ -40
test®
Delayed discharge

TesST (g 40 2% 00 £ ZU 4 WeekKs ZU T Z 00 + ZUT

-40

tejnperature) 2-€
a Dpring short periods the storage temperature may deviate from these limits without exceeding (20:£=40) °[C.
b This test is carried out when a storage test at high temperature is required. Performance requitements ard the
suybject of agreement between the manufacturer and the customer.
¢ Bhtteries to be stored unpacked.
d  Ekcept “P” and “A” system: (55 * 10) % RH.
¢ The performance should meet or exceed the percentage of minimum average.dusation (MAD) value.
6.2 | Commencement of discharge tests after storage
The period between the completion of storage and the start of a delayed discharge test|shall
not exceed 14 days.
Durirlg this period the batteries shall be kept at(20 + 2) °C and (55 + 20 / -40) % RH (except
for Ptsystem batteries where the relative humidity shall be (55 + 10) % RH).
At lefast one day in these conditions_shall be allowed for normalization before starting a
discHarge test after storage at high temperature.
6.3 | Discharge test conditions
6.3.1 General
In ordler to test a battery it shall be discharged as specified in IEC 60086-2 or IEC 60086-3 until
the voltage on load(dfops for the first time below the specified end-point. The service output
may pe expressedvas pulses, duration, capacity, or energy.
6.3.2 Compliance
test,

WheT IEC-60086-2 or IEC 60086-3 specify service outputs for more than one discharge

batteli

6.4

Load resistance

The value of the resistive load (which includes all parts of the external circuit) shall be as
specified in the relevant specification sheet and shall be accurate to 0,5 %.

When formulating new tests, the resistive loads shall, whenever possible, be as shown in
Table 4 together with their decimal multiples or sub-multiples.



https://iecnorm.com/api/?name=f530c7cb096b292f3adbf697eed9ee38

— 22 —

IEC 60086-1:2021 RLV © |IEC 2021

Table 4 — Resistive loads for-aew tests

Values in ohms

1,00 1,10 1,20 1,30 1,50 1,60 1,80 2,00
2,20 2,40 2,70 3,00 3,30 3,60 3,90 4,30
4,70 5,10 5,60 6,20 6,80 7,50 8,20 9,10

6.5 Time periods

The ﬂ)eriods on-discharge and off-discharge shall be as specified in IEC 60086-2.

When formulating new tests, whenever possible, one of the following daily periods“should be
adopted from Table 5.

Table 5 — Time periods for-new tests

1 min 5 min 10 min 30 min 1h

2h 4h 12 h

24 h (continuous) —

Othef cases are specified in IEC 60086-2, if necessary.

6.6 | Test condition tolerances

Unless otherwise specified, the tolerances giveniin Table 6 shall apply.

Table 6 — Test eondition tolerances

Test parameter Tolerance
Temperature +2 °C
Load +0,5 %
Voltage +0,5 %

Relative_humidity +20/ -40 % RH

except “P” and “A” systems +10 % RH

TME “acecuracy” Discharge time t Tolerance
0<tys2s 15 % of t,

2s<t;<100s +0,1s
ty;>100 s +0,1 % of t,

6.7 Activation of ‘P’-system batteries

A period of at least 10 min shall elapse between activation and the commencement of electrical
measurement.

6.8 Measuring equipment
6.8.1 Voltage measurement

The accuracy of the measuring equipment shall be < 0,25 % and the precision shall be < 50 %
of the value of the last significant digit. The internal resistance of the measuring instrument
shall be =2 1 MQ.
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6.8.2 Mechanical measurement

The accuracy of the measuring equipment shall be < 0,25 % and the precision shall be < 50 %
of the value of the last significant digit.

7 Sampling and quality assurance

The use of production and incoming inspection sampling plans or product quality indices should
be agreed between the manufacturer and the purchaser.

Wheffe no agreement IS specified, refer 10 150 2859 and SO 2747 1SO 22514-Z 1or sampling
and quality compliance assessment advice.

8 Battery packaging

A cogle of practice for battery packaging, shipment, storage, use and disposal can be found in
Anngx G.
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(normative)

Criteria for the standardization of batteries

2021

Batteries and electrochemical systems shall meet the following requirements to justify their
initial inclusion or ongoing retention in the IEC 60086 series:

a) T

he battery or batteries of this electrochemical system are in mass production.

b) The battery or batteries of this electrochemical system are available in several market

places of the world.

C) Hpobotmeaieprediiend e nt lonet boe inde o nelont s nuiosticnee the ootopt beldeges oo
wihich Patent items shall conform to the requirements contained in 2.14 of, the ISQ/IE
Directives, Part 1:2019, Reference to patented items.

d) The battery is produced in at least two different countries or alternatively, ff|produced ir] only
ohe country, the battery is purchased by other international and independent battery
manufacturers and sold under their company label.

The jtems of Table A.1 shall be included in any new work proposal to standardize a| new

individual battery or electrochemical system.

Table A.1 — Items necessary to standardize
Individual battery Electrochemical system
Confprmance statement to items a) to d) above Conférmance statement to items a) and b) above
Desiggnation and electrochemical system Recommended designation letter
Dimgnsions (including drawings) Negative electrode
Discharge conditions Positive electrode
Minifnum average duration(s) Nominal voltage
Maximum open circuit voltage
Electrolyte
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B.1

Annex B
(informative)

Recommendations for equipment design

Technical liaison

It is recommended that companies producing battery-powered equipment maintain close liaison
with the battery industry. The capabilities of existing batteries should be taken into account at

2d in

desig
IEC ¢
and 9

B.2

B.2.1

Design compartments so that batteries are easily inserted and do notfall out. The dimen

and
docu

toIerI]nces given in this document, even if a national standard-or a battery manufacturer

for s
The ¢

Clea
inser

Use

comy
() 1
batte

Battg
so a
phys
desid
cond
Battg

For battéry"‘compartments with parallel connections—are—noetrecommended-—since—a—\Wr

Bloes

p
0086-2. The equipment should be permanently marked with the IEC designation,\g
ize of battery which will give optimum performance.

Battery compartment

General

jesign of compartments and contacts should be such that. batteries complying with
ment will be accepted. In particular, the equipment designer should not ignorg

aller battery tolerances.
esign of the negative contact should make allowance for any recess of the battery ter

ly indicate the type of battery to use, the\correct polarity alignment and direction
fion.

artment designs to prevent the reverse connection of batteries. Positive (+) and neg
attery contacts should be visibly different in form to avoid confusion when insq
ries.

ry compartments should”be electrically insulated from the electric circuit and positi

cally contact the electric circuit. Care should be taken in the choice of materials an
n of contacts to) ensure that effective electrical contact is made and maintained U
tions of usesevén with batteries at the extremes of dimensions permitted by this docu
ry and equipment terminals should be of compatible material and low electrical resist

- Battery-willresultin-charging-conditions, refer to IEC 60086-5.

rade

sions
this
the
calls

minal.

s for

he shape and/or the dimensions-ofthe positive (+) and negative (=) battery terminals in

ative
rting

oned

5 to minimize possible damage and/or risk of injury. Only the battery terminals should

d the
nder
ent.
nce.

bRgly

Equipment designed to be powered by air-depolarized batteries of either the "A" or "P" system
shall provide for adequate air access. For the "A" system, the battery should preferably be in
an upright position during normal operation. For "P" system batteries conforming to Figure 9 of
IEC 60086-2:2015, positive contact should be made on the side of the battery, so that air access
is not impeded.

Although batteries are very much improved regarding their resistance to leakage, it can still
occur occasionally. When the battery compartment cannot be completely isolated from the
equipment, it should be positioned so as to minimize possible damage.
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The battery compartment should be clearly and permanently marked to show the correct
orientation of the batteries. One of the most common causes of dissatisfaction is the reversed
placement of one battery in a set, which may result in battery leakage and/or explosion and/or
fire. To minimize this hazard, battery compartments should be designed so that a reversed

batte

ry will result in no electrical circuit.

The associated circuitry should not make physical contact with any part of the battery except at

the s

urfaces intended for this purpose.

Designers are strongly advised to refer to IEC 60086-4 and IEC 60086-5 for comprehensive

safety considerations.
B.2.2 Limiting access by children
Appdratus should be designed to prevent children from removing the batterysby-one—4g

If cerlbwes or similar fastenars ara usad tosecure the doorlcovver nrovidina access to the hattary
H-SCHeWws-oer-SstmhalasteRersare useato-secdrethie oo caMerprovHaiigaccessto-thedqttery
comdartmant the facstanars should be cantive to ensura that theavy ramain with the door/cbvar
compgarthehttthetasterefrsSsShothahe-eapthvetoenRsure tiatthey-remaiiWHhtheGooeHecpVver:
Thisldoes not annly to side nanel doors on laraef deavices which are necessary fol tha
HHS1-80esS—hotappry—to—sSstae—pahei—Goors—oen—iarget—aevces—WHHeh—are—hecessary—tof—nie
functionina of the eauinment and which are not likelwto he discarded or left off the eaaguinmhent
et o g-oHthRe—egtHpmentaile-WHHehare ot HKeHyKto-pDe-aiscaraea-or—tet—oHthe-eqgtipifent
Refe[ to information for safety found in IEC 60886-4 and IEC 60086-5.

B.3 | Voltage cut-off

In or
voltal

Her to prevent leakage resulting from a battery being driven into reverse, the equip|
pe cut-off should not be helow the battery manufacturer’'s recommendation.

ment
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Cl1

Annex C
(normative)

Designation system (nomenclature)

General

The battery designation system (nomenclature) defines as unambiguously as possible the
physical dimensions, shape, electrochemical system, nominal voltage and, where necessary,

the ty

This

- C

- (g
a

C.2

C.2.1

This

naeoftarminale ratag canahilityvy and cnacial charactarictioe
pe-o+—teHHharState-capastity—ahaSpectar-eRalacte HSHES:

annex is divided into two clauses:

lause C.2 defines the designation system (nomenclature) in use up to October 1990

lause C.3 defines the designation system (nomenclature) in use since @ctober 19
ccommodate present and future needs.

Designation system in use up to October 1990

General

Clause applies to all batteries which have been standardized up to October 1990 an

remalin valid for those batteries after that date.

C.2.2

A cel

Cells

is designated by a capital letter followed by a number. The letters R, F and S define rq

flat (fayer built) and square cells, respectiveély. The letter, together with the following num

is de

Whe
nomi
table
Thes
Thes

NOTE|

ined by a set of nominal dimensions:

e a single-cell battery is specified, the maximum dimensions of the battery instead (¢
hal dimensions of the cell are_given in Table C.1, Table C.2 and Table C.3. Note that
5 do not include electrochemistries, except for the no letter system, or other modi
P other parts of the designation system (nomenclature) follow in C.2.3, C.2.4 and d
e tables only provide core physical designations for single cells or single batteries.

The complete dimensions of these batteries are given in IEC 60086-2 and IEC 60086-3.

b0 to

0 will

und,
bers3,

f the
hese
iers.
.2.5.

3 At the time this system was applied, numbers were allocated sequentially. Omissions in the sequence arise
because of deletions or by the different approach to numbering used even before the sequential system.


https://iecnorm.com/api/?name=f530c7cb096b292f3adbf697eed9ee38

— 28 —

IEC 60086-1:2021 RLV © |IEC 2021

Table C.1 — Physical designation and dimensions of round cells and batteries

Dimensions in millimetres

Nominal cell dimensions

Maximum battery dimensions

Physical
designation Diameter Height Diameter Height
RO6 10 22 — -
RO3 - - 10,5 445
RO1 - - 12,0 14,7
RO 11 19 — -
R1 - - 12,0 30,2
R3 35 75 = =
R4 13,5 38 — —
R6 - - 14,5 50,5
R9 - - 16,0 6,2
R10 — - 21,8 37,3
R12 - - 21,5 60,0
R14 - - 26,2 50,0
R15 24 70 — -
R17 25,5 17 - -
R18 25,5 83 - -
R19 32 17 — -
R20 - - 34,2 61,5
R22 32 75 - -
R25 32 91 — -
R26 32 105 - -
R27 32 150 - -
R40 — - 67,0 172,0
R41 - - 7,9 3,6
R42 — — 11,6 3,6
R43 — = 11,6 4,2
R44 - - 11,6 5,4
R45 9,5 3,6 — -
R48 — - 7,9 54
R50 - - 16,4 16,8
R51 16,5 50,0 — -
R52 — - 16,4 11,4
R53 - - 23,2 6,1
R54 — - 11,6 3,05
R55 — - 11,6 2,1
R56 - - 11,6 2,6
R57 — - 9,5 2,7
R58 — - 7,9 2,1
R59 - - 7,9 2,6
R60 — - 6,8 2,15
R61 7,8 39 — -
R62 - - 5,8 1,65
R6E3 5:8 235
R64 — - 5,8 2,70
R65 - - 6,8 1,65
R66 — - 6,8 2,60
R67 — - 7,9 1,65
R68 - - 9,5 1,65
R69 - - 9,5 2,10
R70 — - 5,8 3,6

NOTE The complete dimensions of these batteries are given in IEC 60086-2 and IEC 60086-3.
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Table C.2 — Physical designation and nominal overall dimensions of flat cells

Dimensions in millimetres

Physical Diameter Length Width Thickness
designation
F15 - 14,5 14,5 3,0
F16 - 14,5 14,5 4.5
F20 - 24 13,5 2,8
F22 - 24 13,5 6,0
F2z 23 = = ISAY)
F25 - 23 23 650
F30 - 32 21 3,3
F40 - 32 21 5,3
F50 - 32 32 3,6
F70 - 43 43 5,6
F80 - 43 43 6,4
F90 - 43 43 7,9
F92 - 54 37 5,5
F95 - 54 38 7,9
F100 - 60 45 10,4

NOTE The complete dimensions of these batteries are given ja\EC 60086-2.

Table C.3 — Physical designation and-dimensions of square cells and batteries

Dimensions in millim

ptres

Nominal cell dimensions

Maximum battery dimensions

Physical
dgsignation Length Width Height Length Width Height
S4 - - - 57,0 57,0 125,p
S6 57 57 150 - - -
Y - - - 85,0 85,0 200,p
S10 95 95 180 - - -

NOTE The complete'dimensions of these batteries are given in IEC 60086-2.

In some cases, cell sizes which are not used in IEC 60086-2 have been retained in these t

becalise of their use in national standards.

hbles

C.2.3

Electrochemical system

With the exception of the zinc-ammonium chloride, zinc chloride-manganese dioxide system,
the letters R, F and S are preceded by an additional letter which denotes the electrochemical
system. These letters can be found in Table 1.

cC.24

Batteries

If a battery contains one cell only, the cell designation is used.

If a battery contains more than one cell in series, a numeral denoting the number of cells
precedes the cell designation.
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If cells are connected in parallel, a numeral denoting the number of parallel groups follows the
cell designation and is connected to it by a hyphen.

If a battery contains more than one section, each section is designated separately, with a slash
(/) separating their designation.

C.2.5 Modifiers

In order to preserve the unambiguity of the battery designation, variants of one basic type are
differentiated by the addition of a letter X or Y to indicate the different arrangements or terminals
and P or S to indicate different performance characteristics.

C.2.6 Examples
R20 A battery consisting of a single R20-size cell of the zinc-ammoniumehloride, ginc
chloride-manganese dioxide system.

LR2Z0 A battery consisting of a single R20-size cell of the zinc-alkalimetal hydroxide-
manganese dioxide system.

3R12 A battery consisting of three R12-size cells of the zinc-ammonium chloride, ginc
chloride-manganese dioxide system, connected in seriges:

4R25X A battery consisting of four R25-size cells of the’zinc-ammonium chloride, ginc
chloride-manganese dioxide system, connected i series and with spiral spring
contacts.

C.3 | Designation system in use since October1990

C.3.1 General

This plause applies to all new sizes considered for standardization after October 1990.

The pasis for this designation system: (nomenclature) is to convey a mental concept df the
battefy through the designation system. This is accomplished by using a diameter, frpm a
cylindrical envelope, and a heighttelated concept for all batteries, round (R) and non-round (P).

This tlause also applies to single-cell batteries and multi-cell batteries with cells in series apd/or
parallel connection.

For gxample a battery of maximum diameter 11,6 mm and a height of maximum 5,4 mm is
designated as R1154 preceded by a code for its electrochemical system, as described i this
claude.

C.3.7 Round batteries

c.3.2.1 Round batteries with diameter and height less than 100 mm
c.3.211 General

The designation for round batteries with a diameter and height less than 100 mm is as shown
in Figure C.1.
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Modifiers
(see NOTE 2)

Code denoting height
in 0,01 mm if needed

Leaf
(reTef T

and C.3.2.1.3)
Number of cells
or|parallel strings
(*e”e1 ;%I.(I.eé 1) Code denoting.maximum height
i in 0,1 mm (refer to C.3.2.1.3)
Letter denoting Code denoting 0,1 mm of
electrochemical system maximum diameter
(refer to Table 1) (refer to Figure C.2 and C.3.2.1.2)
Code denoting Code denoting maximum diameter
shape (R = round) (referto /Table C.4 and C.3.2.1.2)
IEC

NOTE|1 The number of cells or strings in parallelNs' not specified.

NOTE|2 Modifiers are included to designate for example specific terminal arrangement, load capability and further
specigl characteristics.

Figure C.1 — Designation system for round batteries: d; < 100 mm; height h; <100 mm

C.3.4.1.2 Method fervassigning the diameter code

The giameter code is _derived from the maximum diameter.

The diameter-e6de number is:

a) sighed according to Table C.4 in case of a recommended diameter;
b) apsigned according to Figure C.2 in case of a non-recommended diameter.
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Table C.4 — Diameter code for recommended diameter

Dimensions in millimetres

Code Recommended Code Recommended
maximum diameter maximum diameter
4 4.8 20 20,0
5 5,8 21 21,0
6 6,8 22 22,0
7 7,9 23 23,0
23 25 24 245
9 9,5 25 25,0
10 10,0 26 2652
11 11,6 28 28,0
12 12,5 30 30,0
13 13,0 32 32,0
14 14,5 34 34,2
15 15,0 36 36,0
16 16,0 38 38,0
17 17,0 40 40,0
18 18,0 41 41,0
19 19,0 67 67,0
XX o]

Maximum diameter (mm)
(integer)

Decimal part of
maximum diameter
0,0
0,1
0,2
0,3
0,4
0,5
0,6
0,7
0,8
0,9

Code “C”

X cecIOGMOO W >

IEC

Figure C.2 — Diameter code for non-recommended diameters

Cc.3.2.1.3 Method for assigning the height code

The height code is the number, denoted by the integer of the maximum height of the battery,
expressed in tenths of a millimetre (e.g. 3,2 mm maximum height is denoted 32).
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The maximum height is specified as follows:

a) for flat contact terminals, the maximum height is the overall height including the terminals;

b) for all other types of terminals, the maximum height is the maximum overall height excluding
the terminals (i.e. shoulder-to-shoulder).

If the height in hundredths of a millimetre needs to be specified, the hundredth of a millimetre

may

NOTE|

EXAM
(Tablg

EXAM|
(Figur

EXAM
(Tablg
syste

C.3.7

C.3.7

be denoted by a code according to Figure C.3.

Maximum height
(tenths of a millimetre)

Decimal part of height
mm
0,00
0,01
0,02
0,03
0,04
0,05
0,06
0,07
0,08
0,09

Code“C”

rXcIOMmMOUO wWX»

IEC

The hundredths of a millimetre code is only used when needed.

PLE 1 LR1154: A battery consisting of asteund cell or string in parallel with a maximum diameter of 11|
C.4) and a maximum height of 5,4 mm, of the zinc-alkali metal hydroxide-manganese dioxide system.

PLE 2 LR27A116: A battery consisting of a round cell or string in parallel with a maximum diameter of

PLE 3 LR2616J: A battery consisting of a round cell or string in parallel with a maximum diameter of 26
C.4) and a maximum_height of 1,67 mm (Figure C.3), of the zinc-alkali metal hydroxide-manganese d
.

Figure C.3 « Height code for denoting the hundredths of a millimetre of height

.2 Round batteries with diameter and/or height over or equal to 100 mm

221 General

P C.2) and a maximum height 0f.141,6 mm, of the zinc-alkali metal hydroxide-manganese dioxide system|.

6 mm

7 mm

L2 mm
ioxide

The designation for round batteries with a diameter and/or height > 100 mm is as shown in
Figure C.4.
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Modifiers

Number of cells or (see NOTE 2)

parallel strings
in series
(see NOTE 1)

Integer of maximum height

in millimetres

Letter denoting

etectrochemicat

system “I” separating diameter and
(refer to Table 1) height code
Code denoting shape Integer of maximum diameter
(R =round) in millimetres
IEC

NOTE|1 The number of cells or strings in parallel is not identified.

NOTE|2 Modifiers are included to designate for example specific terminal arrangement, load capability and {further
specigl characteristics.

Figlire C.4 — Designation system for round batteries: d3'2 100 mm; height hy 2 100 mm

C.3.3.2.2 Method for assigning the diameter €¢ode

The dliameter code is derived from the maximunm.diameter.

The diameter code number is the integer of the maximum diameter of the battery expressied in
millimetres.

C.3.4.2.3 Method for assigning’the height code

The peight code is the numbér“denoting the integer of the maximum height of the bajtery,
expressed in millimetres.

The Iwaximum height is specified as follows:
r flat contact terminals (e.g. batteries according to Figures 1, 7, 8 and [9 of
IEC 60086<2:2015), the maximum height is the overall height including the terminals;

b) far all ather types of terminals, the maximum height is the maximal overall height excliding
the terminals (i.e. shoulder-to-shoulder).

loride,

EXAMIR FHHEHA
a shoulder-to-

zinc chloride-manganese dioxide system, connected in series, having a diameter of 184,0 mm and
shoulder maximum height of 177,0 mm.

Ara h

Cc.3.3 Non-round batteries
Cc.3.3.1 General

The designation system for non-round batteries is as follows:

An imaginary cylindrical envelope is drawn, encompassing the surface from which the terminals
first emerge from the battery case.

Using the maximum dimensions of length (1) and width (w), the diagonal is calculated, which is
also the diameter of the imaginary cylinder.
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For the designation, the integer of the diameter of the cylinder in millimetres and the integer of
the maximum height of the battery in millimetres is applied.

The maximum height is specified as follows:

a) for flat contact terminals, the maximum height is the overall height including the terminals;

b) for all other types of terminals, the maximum height is the maximum overall height excluding
the terminals (i.e. shoulder-to-shoulder).

NOTE In the event there are two or more terminals emerging from different surfaces, the one with the highest
voltage applies.

C.3.3.2 Non-round batteries with dimensions < 100 mm

The designation for non-round batteries with dimensions < 100 mm is as shown in Figure|C.5.

S I T R ——

Modifiers

Number of cells
(see NOTE 2)

or parallel strings
in series
(see NOTE 1)

Integer of the maximum height
of the battery expressed
in millimetres

Letter denoting electrochemical
system
(refer to Table 1)

Integer of the diameter expressed in millimetres
(see NOTE 3) of the cylindrical envelope
encompassing the maximum length and

width dimensions of the surface from
which the terminals first emerge

Code denoting shape
(P = non-round)

IEC|

NOTE|1 The number of cells or strings in parallel is not identified.

NOTE|2 Modifiers are included to designate, for example, specific terminal arrangement, load and further gpecial
charagteristics.

NOTE|3 In case the height needs to be discriminated in tenths of a millimetre, the letter code shown in Figufe C.7
appliep.

EXAMPPLE 6LR3146: A battery consisting of six cells or strings in parallel of the zinc-alkali metal hydrpxide-
manggnese dioxide system, connected in series with a maximum length of 26,5 mm, a maximum width of 17,p mm,
and a|maximum height of 46,4 mm. The integer of the diameter of this surface (I and w) is calculated accordihg to:

Lo 2
VIT + W™ =231,8 mm; integer = 31

Figure C.5 — Designation system for non-round batteries, dimensions < 100 mm

C.3.3.3 Non-round batteries with dimensions 2 100 mm

The designation for non-round batteries with dimensions = 100 mm is as shown in Figure C.6.
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H

|_|

Number of cells
or parallel strings
in series
(see NOTE 1)

Modifiers
(see NOTE 2)

Integer of the maximum height
of the battery expressed
in millimetres (see NOTE 3)

Letter denoting
electrochemical system
(refer to Table 1)

Symbol separating the length/width

and height codes

Code denoting shape
(P = non-round)

Integer of the diameter expressed in millimetres
(see NOTE 3) of the cylindrical.envelope encompassing
the maximum length and width~dimensions of the surface

from which the terminals first emerge

NOTE|1 The number of cells or strings in parallel is not identified.

IEC

NOTE|2 Modifiers are included to designate, for example, specificjterminal arrangement, load and further dpecial

charagteristics.

NOTE|3 In case the height needs to be discriminated in tenths of a millimetre, the letter code shown in Figufe C.7

appliep.

EXAMPLE 6P222/162: A battery consisting of six cels or strings in parallel of the zinc-ammonium chloride, zinc
chloride-manganese dioxide system, connected in-series, with a maximum length of 192 mm, a maximum wi{dth of

113 mjm, and a maximum height of 162 mm.

Figure C.6 — Designation system for non-round batteries, dimensions 2 100 mm

Maximum height
inmillimetres (integer)

Decimal part of height
mm

Code

0,0

0,1
0,2
0,3
0,4
0,5
0,6
0,7
0,8
0,9

rXccIGOGMmMOO WX

NOTE The tenths of a millimetre code is only used when needed.

IEC

Figure C.7 — Height code for discrimination per tenth of a millimetre
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C.34 Ambiguity

In the unlikely event that two or more batteries would have the same diameter of the
encompassing cylinder and the same height, the second one will be designated with the same
designation extended with “-1".

Table C.5 — Physical designation and dimensions of round cells
and batteries based on Clause C.2

Dimensions in millimetres
Physical designation Maximum battery dimensions
Diameter Height
R772 7,9 7,2
R1025 10,0 2,5
R1216 12,5 1,6
R1220 12,5 2,0
R1225 12,5 2)5
R1616 16,0 1,6
R1620 16,0 2,0
R2012 20,0 1,2
R2016 20,0 1,6
R2020 20,0 2,0
R2025 20,0 2,5
R2032 20,0 3,2
R2320 23,0 2,0
R2325 23,0 2,5
R2330 23,0 3,0
R2354 23,0 5,4
R2420 24,5 2,0
R2425 24,5 2,5
R2430. 24,5 3,0
R2450 24,5 5,0
R3032 30,0 3,2
R11108 11,6 10,8
2R13252 13,0 25,2
R12A604 12,0 60,4
R14250 14,5 25,0
R15H270 15,6 27,0
R17335 17,0 33,5
R17345 17,0 34,5
R17450 17,0 45,0
NOTE The complete dimensions of these batteries are given in IEC 60086-2 and
IEC 60086-3.
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Table C.6 — Physical designation and dimensions of non-round batteries
based on Clause C.2
Dimensions in millimetres
Physical Designation Maximum battery dimensions
designation (original) Length Width Height
2P3845 2R5 34,0 17,0 45,0
2P4036 R-P2 35,0 19,5 36,0

NOTE 1 The actual used designation of these batteries is 2R5 and R-P2 since these batteries were already
recognized under these numbers before they were standardized

NOTE 2 The complete dimensions of these batteries are given in IEC 60086-2.
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Annex D
(informative)

Standard discharge voltage U, —
Definition and method of determination

Definition

The standard discharge voltage Uy is typical for a given electrochemical system. It is a unique

volta
only

Equation (D.1).

D.2

D.2.1

The

disch
whic
norm
C(Ry4
C(Ry

which means C(Rd)/Cp =1 as indicated by the horizontal line in Figure D.1. It further shows

capa
fracti

is the standard discharge voltage;
is the standard discharge capacity;
is the standard discharge time;

is the standard discharge resistor.

depends on its charge-transfer reaction. The standard discharge voltage Ug is defin

a)

Determination

General considerations: the C/R-plot

letermination of the discharge voltage U, is accomplished via a C/R-plot (where C i

arge capacity of a battery; R is(the discharge resistance). For illustration, see Figure
shows a schematic plot\of discharge capacity C versus discharge resistor Ry

lized presentation, i.ex C(Rd)/Cp is plotted as a function of Ry. For low Ry-values
-values are obtained.and vice versa. On the gradual increase of Ry, discharge cag
also increases untilfinally a plateau is established and C(R,) becomes constant 5:

Cp = constant

n

pe in that it is independent of both the size and the internal construction of the battiry. It

d by

D.1)

S the
D.1,
4in

, low
acity

D.2)

that
r the

City, €= f(Ry) is dependent on the cut-off voltage U.: the higher its value, the large
o .

(D]
%

P

4
=

NOTE

Under plateau conditions, capacity C is independent of R,.

The discharge voltage U, is determined by Equation (D.3).

Ud = —X Rd
ty

4 subscript d differentiates this resistance from Rg; see Equation (D.1).

(D.3)

5 For very long periods of discharge time Cp may decrease due to the battery’s internal self-discharge. This may

be noticeable for batteries having a high self-discharge, for example 10 % per month or above.
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Capacity plateau: dC/dR=0
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Cut-off voltage: U_= constant
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Y

R |

R,(0,5) R

Iy
o

Figure D.1 — Normalized C/R*plot (schematic)
The guotient C4/ty of Equation (D.3) represents“the average current i(avg) when dischafging

the battery through discharge resistor Ry fora'given cut-off voltage U, = constant. This relation
may pe written as:

Cq = i(avg) x ty D.4)

For R4 = Rg (standard discharge resistor) Equation (D.3) changes to the Equation (D.1){ and
consgquently Equation (B.4) changes to:

C =i(avg) x tg D.5)

The flietermination of i(avg) and tg is accomplished according to the method described in PD.2.3
and ijlustrated by Figure D.2.

D.2.2— Determmmationm of the stanmdard aischarge Tesistor Ry

The determination of Uy is best achieved by that discharge resistor R that yields 100 % capacity

realization. The time to perform this discharge may be of long duration. To reduce this time, a
good approximation for Ug is achieved by Equation (D.6).

Cs(Rs) = 0,98 C,, (D.6)

This means that 98 % capacity realization is considered to be of sufficient accuracy for the
determination of the standard discharge voltage Ug. This is achieved when discharging the

battery through the standard discharge resistor Rg. Its factor 0,98 or above is not decisive,
because Ug remains practically constant for Rg < Ry. Under this condition, the exact realization
of a 98 % capacity realization is not crucial.
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D.2.3 Determination of the standard discharge capacity C; and standard discharge
time tg

For illustration refer to Figure D.2, which represents a schematic discharge curve of a battery.

Figure D.2 addresses areas Al below and A2 above the discharge curve. Under

Al = A2 (D.7)

the average discharge current i(avg) is obtained. The condition described by Equation (D.7)
does|not necessarily address the mid-point of discharge, as indicated in Figure D.2. The[time
of digcharge ty4 is determined from the cross-over point for U(R,t) = U.. The discharge.cagacity

is obtained from Equation (D.8).

Cq = i(avg) x tg4 D.8)

The $tandard capacity Cq is obtained for Ry = Rg, changing Equation (B.8) to Equation (DJ9)

Cs = i(avg) x tg D.9)

a method which permits the experimental determination-of\the standard discharge capacity Cq
and the standard discharge time t; needed for determination of the standard discharge votage
U, (see Equation (D.1)).

Discharge mode : R = constant
Cutt-off voltage : U, = constant
A1
4 I
Average voltage, average current
—~ A2 —
2 U(R, 1) / §
[0] =
()] =3
8 T — o
] S
> o
— .‘C“
U, = constant U(R, 1) o
-
(A1 =A2) t t

Figure D.2 — Standard discharge voltage (schematic)
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D.3 Experimental conditions to be observed and test results

For the experimental determination of the C/R-plot, 10 individual discharge results are
recommended, each one being the average of-nine eight batteries; these data are to be evenly
distributed over the expected range of the C/R-plot. It is recommended to take the first discharge
value at approximately 0,5 Cp as indicated in Figure D.1. The last experimental value should be
taken at approximately Ry = 2 x Rg. The data gathered may then be graphically presented in the
form of a C/R-plot according to Figure D.1. From this plot the Ry-value is to be determined
leading to approximately 98 % Cp. The standard discharge voltage Ug yielding a 98 % capacity
realization should deviate by less than -50 mV from that value yielding a 100 % capacity
realifation. Differences within this mv range will only be caused by the charge-transier regction
causged by the system under investigation.

When determining C4 and tg according to D.2.3, the following cut-off voltages are fo be
emplpyed in accordance with IEC 60086-2:

Voltage range 1: U. =0,9 V Voltage range 2: Up=-2,0 V

The experimentally determined standard discharge voltages U ,£SB3) shown in Table D.[L are
only piven to permit the interested expert to check its reproducibility.

Table D.1 — Standard discharge voltage by system

Syptem

No letter C E F L S W Y 4
Idtter

U (§oV) vV 1,30 2,90 3,50 1,48 1,30 1,55 2,8 3,5 1|56

The getermination of Ug for systems A,\B;'G and P is under consideration. System P is a sgecial
case| because its Ug value depends{on the type of catalyst for oxygen reduction. Since system
P is an open system to air, the gnvironmental humidity as well as the pick-up of CO, aftgr the
activation of the system, is of-additional influence. For system P, Ug values of up to 1,37 f may
be observed.
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Annex E
(informative)

Preparation of standard methods of measuring
performance (SMMP) of consumer goods

NOTE This annex has been derived from ISO/IEC Guide 36:1982, Preparation of standard methods of measuring
performance (SMMP) of consumer goods (withdrawn 1998).

E.1

Infor]nation useful to consumers on the performance of consumer goods needs to be:base
reprdducible standard methods of measuring performance (i.e. test methods that lead to re
havirlg a clear relationship to the performance of a product in practical use and-that are

used| as a basis for information to consumers about the performance chardacteristics o
proddict).

As far as possible, specified tests should take into account limitations indtest equipment, m
and fime.

E.2 | Performance characteristics

The Irst step in the preparation of a SMMP is to establish as complete a list as possible ¢
characteristics that are relevant in the sense discussed,in Clause E.1.

NOTE| Once such a list has been drawn up, consideration‘can be given to selecting those attributes of a p
that afe most important to consumers making purchase decisions.

E.3

A test method should be given for each of the performance characteristics listed. The follg
points should be taken into consideration:

a)

b)

c)

d)

General

Criteria for the development ef‘test methods

the test methods should be defined in such a way that the test results correspond as cl

bd on
sults
o be
f the

oney

f the

roduct

wing

bsely

possible to the performance results as experienced by consumers when using the

product in practice;

it]is essential that the test methods are objective and give meaningful and reprodd
results;

details of-thie test methods should be defined with a view to optimum usefulness t
cpnsumeér;-taking into account the ratio between the value of the product and the expd
involVed*in performing the tests;

cible

b the
nses

heré use has to be made of accelerated test procedures, or of methods that have only an

indirect relationship to the practical use of the product, the technical committee should
provide the necessary guidance for correct interpretation of test results in relation to normal

use of the product.
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F.1

Annex F
(informative)

Guidance for proposing value of minimum average duration

General

The minimum average duration (MAD) value set for each discharge mode of each designation
in the IEC 60086 series is a minimum level that should be satisfied to ensure the quality of the

primay

Ther
discd

The

and the performance difference due to differences in manufactures, et

F.2

-

v, hattary
Patte -

3

P

MAD value should be determined by considering the actual 5|tuat|o<nop market utiliz

@Q
Sampling C)
Fepare battery samples of same model, same brand, a‘\a\same grade.

he discharge test should be started within 60 days@aximum after manufacture.

he sample size should be at least six lots, and t pieces per lot.
S

Calculation method s\

alculate the average duration value$§f'all samples in which lot unit are regarded aj

bpulation.

some values are not within %ﬁ%'f the average duration value x in each population
bw and same number of the
all samples again after e{ ating these values from the population.

epeat until all values oiGbe samples in each population are within 3 o of the average
in the population.

alculate the to %age x and the standard deviation o of the average values x of
bpulation

alculate t@\ and B.
A =330,

bfore, when setting the new MAD value for the IEC 60086 series, IEC exp?/smould
ss the proposed MAD value based on the value calculated by the following precedure|
detefqmine the MAD value with validation.

and

ation

b one

add

ples excluded and calculate the average duration value x

alue

each



https://iecnorm.com/api/?name=f530c7cb096b292f3adbf697eed9ee38

G.1

— 46 — IEC 60086-1:2021 RLV © IEC

Annex G
(normative)

Code of practice for packaging, shipment, storage,
use and disposal of primary batteries

General

2021

The greatest satisfaction to the user of primary batteries results from a combination of good
practliu:a u'willg manufacture, distributiomanduse:

The purpose of this code is to describe these good practices in general terms. It takes-the

of ad

G.2

The
stack
unint

G.3

Shog
truck
Prote

G.4

The 3

For n
+30

vice to battery manufacturers, distributors and users.

Packaging

packaging shall be adequate to avoid mechanical damage during transport, handling
ing. The materials and pack design shall be chosen so as to(prevent the developmg
entional electrical conduction, corrosion of the terminals andjingress of moisture.

Transport and handling

k and vibration shall be kept to a minimum. For{instance, boxes should not be throw
5, slammed into position or piled so highwas to overload battery containers b
ction from inclement weather should be provided.

Storage and stock rotation
torage area should be clean,xcool, dry, ventilated and weatherproof.

ormal storage, the temperature should be between +10 °C and +25 °C and never eX

be a

C. Extremes of humidity{over 95 % RH and below 40 % RH) for sustained periods s

thergfore not be stored next to radiators or boilers, nor in direct sunlight.

Althgugh the stoerage life of batteries at room temperature is good, storage is improved at
temperatures(é.g. in cold rooms —-10 °C to +10 °C or in deep-freeze conditions below —1(
provided special precautions are taken. The batteries shall be enclosed in special prote
packpaging (such as sealed plastic bags or variants) which should be retained to protect
from|econdensation during the time they are warming to ambient temperature. Accele

form

and
nt of

n off
Elow.

ceed
nould

oided since they.are detrimental to both batteries and packaging. Batteries should

ower

oc),
ctive
them

rated

warnmmng 1S detrmentat:

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

Batteries may be stored, fitted in equipment or packages if determined suitable by the battery
manufacturer.

The height to which batteries may be stacked is clearly dependent on the strength of the pack.
As a general guide, this height should not exceed 1,5 m for cardboard packs or 3 m for wooden
cases.
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The above recommendations are equally valid for storage conditions during prolonged transit.
Thus, batteries shall be stowed away from ship engines and not left for long periods in
unventilated metal box cars (containers) during summer.

Batteries shall be dispatched promptly after manufacture and in rotation to distribution centres
and on to the users. In order that stock rotation (first in, first out) can be practised, storage
areas and displays shall be properly designed and packs adequately marked.

G.5 Displays at sales points

When batteries are unpacked, care should be taken to avoid physical damage and electrical
contact. For example, they should not be jumbled together.

Battdgries intended for sale should not be displayed for long periods in windows“exposed to
direct sunlight.

The battery manufacturer should provide sufficient information to enablé-the retailer to gelect
the dorrect battery for the user's application. This is especially impartant when supplying the
first batteries for newly purchased equipment.

Test|meters do not provide reliable comparison of the service to be expected from jgood
batteries of different grades and manufacture. They do, however, detect serious failures.

G.6 | Selection, use and disposal

G.6.] Purchase

The ¢orrect size and grade of battery most Suitable for the intended use should be purchased.
Many manufacturers supply more than one grade of battery in any given size. Informatign on
the drade most suited to the application should be available at the sales point and on the
equipment.

In th¢ event that the required.size and grade of battery of a particular brand is not available,
the IEC designation for electrochemical system and size enables an alternative to be selected.
This fesignation should he marked on the battery label. The battery should also clearly indicate
the vpltage, name or trade mark of the manufacturer or supplier, the date of manufacture, which
may pe in code, or the-expiration of a guarantee period, in clear, as well as the polarity ({+and
—) (+). For some _batteries, part of this information may be on the packaging (see 4.1.6.2),

G.6.4 Installation

Beforednserting batteries into the battery compartment of the equipment, the contacts of| both
equipment and batteries should be checked for cleanliness and correct positioning. If necegsary,
clean with a damp cloth and dry before inserting.

It is of extreme importance that batteries are inserted correctly with regard to polarity (+ and -).
Follow equipment instructions carefully and use the recommended batteries. Failure to follow
the instructions, which should be available with the equipment, can result in malfunction and
damage of the equipment and/or batteries.

G.6.3 Use

It is not good practice to use or leave equipment exposed to extreme conditions, for example
radiators, or cars parked in the sun, etc.

It is advantageous to remove batteries immediately from equipment which has ceased to
function satisfactorily, or when not in use for a long period (e.g. cameras, photoflash, etc.).
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Be sure to switch off the equipment after use.
Store batteries in a cool, dry place and out of direct sunlight.

G.6.4 Replacement

Replace all batteries of a set at the same time. Newly purchased batteries should not be mixed
with partially exhausted ones. Batteries of different electrochemical systems, grades or brands
should not be mixed. Failure to observe these precautions may result in some batteries in a set
being driven beyond their normal exhaustion point and thus increase the probability of leakage.

G.6.9 Disposal

Primary batteries may be disposed of via the communal refuse arrangements, providgd no
contrary local legal requirements exist. Refer to IEC 60086-4 and IEC 60086-5 forfurther details.
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Annex H
(informative)

Compliance checklist

Subclause(s)

Item

4.1.2 & 5.7 Dimensions
4.1.3 Terminals
4.1.3.2 Contact pressure resistance
4.1.3.9 Snap tasteners
4.1.3.10 Wire
4.1.3.11 Other spring contacts of clips
4.1.6 Marking
4.2.2 Dimensional stability
4.2.3 Leakage
4.2.4 Open-circuit voltage limits
4.2.5 Service output
5.3 Conformance check to a specified minimum averagé,dutation
5.8 Leakage and deformation
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1)

2)

3)

4)

5)

6)
7

8)

9)

Interpational Standard IEC 60086-1 has been prepared by IEC technical committee 35: Pri
cellsjand batteries.

This thirteenth edition cancels and replaces the twelfth edition published in 2015. This e
conslitites a technical revision.

INTERNATIONAL ELECTROTECHNICAL COMMISSION

PRIMARY BATTERIES —

Part 1: General

FOREWORD

International Electrotechnical Commission (IEC) is a worldwide organization for standardization comy
alllnational electrotechnical committees (IEC National Committees). The object of IEC is to promote, interna
coloperation on all questions concerning standardization in the electrical and electronic fields. To.this er]
in pddition to other activities, IEC publishes International Standards, Technical Specifications, Telchnical Re
Pyblicly Available Specifications (PAS) and Guides (hereafter referred to as “IEC Puhlication(s)”).
préparation is entrusted to technical committees; any IEC National Committee interested in‘the)subject ded
may participate in this preparatory work. International, governmental and non-governmental organizations |
with the IEC also participate in this preparation. IEC collaborates closely with the Interpational Organizat
Standardization (ISO) in accordance with conditions determined by agreement between the two organizati

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

IEC Publications have the form of recommendations for international Use and are accepted by IEC N
Cdmmittees in that sense. While all reasonable efforts are made ta, enSure that the technical content
Publications is accurate, IEC cannot be held responsible for thezway in which they are used or fd
miginterpretation by any end user.

In|order to promote international uniformity, IEC National -Committees undertake to apply IEC Publig
tragnsparently to the maximum extent possible in their nationalkand regional publications. Any divergence bg
anly IEC Publication and the corresponding national or regignal publication shall be clearly indicated in the

IEC itself does not provide any attestation of conformity. Independent certification bodies provide conf|
aspessment services and, in some areas, accessA0-{EC 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.

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

Atjention is drawn to the Normative references cited in this publication. Use of the referenced publicati
indispensable for the correct application of this publication.

Atjention is drawn to the-passibility that some of the elements of this IEC Publication may be the subject of
rights. IEC shall not be\held responsible for identifying any or all such patent rights.
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This edition includes the following significant technical changes with respect to the previous

edition:

a) a compliance checklist was added as an Annex H;

b) definitions were harmonized with the other 60086 series documents;

c) the nominal voltage of the zinc air system is now listed as either 1,4 V or 1,45 V;
d) Annex F for calculation of MAD values was simplified;

e) a validity period for testing was added;

f)

the accelerated aging test at 45 °C was changed from 13 to 4 weeks;
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The text of this International Standard is based on the following documents:

FDIS Report on voting

35/1465/FDIS 35/1469/RVD

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

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

This [document was drafted in accordance with ISO/IEC Directives, Part 2, and developged in
accofdance with ISO/IEC Directives, Part 1 and ISO/IEC Directives, IEC Supplement,savailable
at wyw.iec.ch/members_experts/refdocs. The main document types developed by IEQ are
descfibed in greater detail at www.iec.ch/standardsdev/publications.

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

The ¢ommittee has decided that the contents of this document will;remain unchanged until the
stability date indicated on the IEC website under "http://webstore.iec.ch" in the data related to
the specific document. At this date, the document will be

e reconfirmed,

e withdrawn,

e re¢placed by a revised edition, or
e amended.
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INTRODUCTION

The technical content of this part of IEC 60086 provides fundamental requirements and
information on primary cells and batteries. All batteries within the IEC 60086 series are
considered dry cell batteries. In this sense, IEC 60086-1 is the main component of the
IEC 60086 series and forms the basis for the subsequent parts. For example, this part includes
elementary information on definitions, nomenclature, dimensions and marking. While specific
requirements are included, the content of this part tends to explain methodology (how) and
justification (why).

Over the years this part has been changed to improve its content and remains under continual
scrutjny to ensure that the publication is kept up to date with the advances in both battery and
battery-powered device technologies.

Safefy requirements and recommendations are available in IEC 60086-4, |IECI 60086-5 and
IEC 62281. Specifications are available in IEC 60086-2 and IEC 60086-37) “Environmiental
aspefts are dealt with in IEC 60086-6.
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PRIMARY BATTERIES —

Part 1: General

1 Scope

This

2021

part of IEC 60086 is intended to standardize primary batteries with respect to dimensions,
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The following documents are reféired to in the text in such a way that some or all of their co
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IEC ¢
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nclature, terminal configurations, markings, test methods, typical performance, safet)
pnmental aspects.

document on one side specifies requirements for primary cells and batteries, On the
this document also specifies procedures of how requirements for these batteries are
ardised.

classification tool for primary batteries, this document specifies syStem letters, electr

bbject of this part of IEC 60086 is to benefit primary battery users, device designers
ry manufacturers by ensuring that batteries fram* different manufacturers
hangeable according to standard form, fit and “function. Furthermore, to er
liance with the above, this part specifies standard ‘test methods for testing primary

lormative references

itutes requirements of thiss<document. For dated references, only the edition cited ap
undated references, the latest edition of the referenced document (including
dments) applies.

0086-2:2015, Rrimary batteries — Part 2: Physical and electrical specifications
0086-3-Rtrimary batteries — Part 3: Watch batteries

0086-4, Primary batteries — Part 4: Safety of lithium batteries

and

bther
to be

hdes,

rolytes, and nominal as well as maximum open circuit voltage of €lectrochemical systems.

and
are
sure
cells

document also contains requirements in Annex A justifying the inclusion or the ongoing
retention of batteries in the IEC 60086 series:

ntent
blies.
any

IEC 60086-5, Primary batteries — Part 5: Safety of batteries with aqueous electrolyte

3 Terms and definitions

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

ISO and IEC maintain terminological databases for use in standardization at the following
addresses:

e |EC Electropedia: available at http://www.electropedia.org/

e |SO Online browsing platform: available at http://www.iso.org/obp


http://www.electropedia.org/
http://www.iso.org/obp
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3.1
appli

cation test

simulation of the actual use of a battery in a specific application

3.2

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

[SOURCE:IEC 60050-482:2004, 482-01-04, modified — removal of "fitted with devices
necessary for use.]

3.3

buttd
smal
aque|

Note ]

[soy

3.4
cell
basid
and
cheni

[soU

3.5

n (cell or battery)
round cell or battery where the overall height is less than the diameter, conta
pus electrolyte

to entry: See coin (cell or battery), lithium button (cell or battery).

RCE: IEC 60050-482:2004 482-02-40]

functional unit, consisting of an assembly of electrodes, electrolyte, container, termn
isually separators, that is a source of electric energy obtained by direct conversi
ical energy

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

closed-circuit voltage

CCcvVv
voltal

[soy

e across the terminals of a bdttery when it is on discharge

RCE:IEC 60050-482:2004; 482-03-28, modified — "voltage between the terminals of

or battery" replaced by "voltage across the terminals of a battery".]

3.6
coin
lithid
smal
aque|

(cell or battery)

m button (cell or battery)

round cell. or battery where the overall height is less than the diameter, containing
pus electrolyte

Note ]

ining

inals
bn of

h cell

non-

to‘entry: The nominal voltage of lithium batteries is typically greater than 2 V.

Note 2 to entry: See button (cell or battery).

3.7
cylin

drical (cell or battery)

round cell or battery in which the overall height is equal to or greater than the diameter

[SOURCE:IEC 60050-482: 2004, 482-02-39, modified — "cell with a cylindrical shape" replaced

with '

3.8

‘round cell or battery"]

discharge (of a primary battery)
operation during which a battery delivers current to an external circuit
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3.9
dry (primary) battery
primary battery in which the liquid electrolyte is essentially immobilized

[SOURCE:IEC 60050-482:2004, 482-04-14, modified — replacement of "containing an
immobilized electrolyte.]

3.10

end-point voltage

EV

specified voltage of a battery at which the battery discharge is terminated

[SOURCE:IEC 60050-482:2004, 482-03-30]

3.11
leakage
unplanned escape of electrolyte, gas or other material from a cell or battery

Note 1 to entry: Leakage in this sense should not be confused with the test evaluationycriteria for leakage sp¢cified
in Clapse 4 and Clause 5 of this document.

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

3.12
minimum average duration
MAD
minimqum average time on discharge which is met:by a sample of batteries

Note 1 to entry: The discharge test is carried out according to the specified methods or standards and desighed to
show gonformity with the standard applicable to the battery types.

3.13
nominal voltage (of a primary battery)
Un
suitaple approximate value of.the voltage used to designate or identify a cell, a battery pr an
electfochemical system

[SOYRCE:IEC 60050-,482:2004, 482-03-31, modified — addition of "(of a primary battery) and
symbol U, .]

3.14
open-circuit\woltage
ocv
voltapelacross the terminals of a cell or battery when it is off discharge

3.15
primary (cell or battery)
cell or battery that is not designed to be electrically recharged

3.16
round (cell or battery)
cell or battery with circular cross section

3.17
service output (of a primary battery)
service life, or capacity, or energy output of a battery under specified conditions of discharge
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3.18
service output test
test designed to measure the service output of a battery

Note 1 to entry: A service output test may be prescribed, for example, when

a) an application test is too complex to replicate;
b) the duration of an application test would make it impractical for routine testing purposes.
3.19

storage life
duration under specified conditions at the end of which a battery retains its ability to perform a
spec|fied service output

[SOURCE:IEC 60050-482:2004, 482-03-47, modified — "function” replaced by "service output”.]

3.20
term|nals (of a primary battery)
condpctive parts of a battery that provide connection to an external circuit

4 Requirements

4.1 General
4.1.1 Design

Primary batteries are sold mainly in consumer markets. In recent years, they have become more
soph|sticated in both chemistry and construction, for example both capacity and rate capdbility
have(increased to meet the growing demands from new, battery-powered equipment technology.

When designing primary batteries, the.aforementioned considerations shall be taken| into
accolnt. Specifically, their dimensionalé¢onformity and stability, their physical and electrical
perfgrmance and their safe operatiop.under normal use and foreseeable misuse conditions|shall
be agsured.

Addifional information on equipment design can be found in Annex B.

4.1.2 Battery dimensions

The dimensions far individual types of batteries are given in IEC 60086-2 and IEC 60086-3.

4.1.3 Terminals

4.1.31 General

Terminals shall be in accordance with Clause 6 of IEC 60086-2:2015.

Their physical shape shall be designed in such a way that they ensure that the batteries make
and maintain good electrical contact at all times.

They shall be made of materials that provide good electrical conductivity and resistance to
corrosion.
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4.1.3.2 Contact pressure resistance

Where stated in the battery specification tables or the individual specification sheets in
IEC 60086-2, the following applies:

— aforce of 10 N applied through a steel ball of 1 mm diameter at the centre of each contact
area for a period of 10 s shall not cause any apparent deformation which might prevent
satisfactory operation of the battery.

NOTE See also IEC 60086-3 for exceptions.

4.1.3.3 Cap and base

Thileype of terminal is used for batteries which have their dimensions specified accordipg to
Figunes 1 to 7 of IEC 60086-2:2015 and which have the cylindrical side of the battery.insullated
from [the terminals.

4.1.314 Cap and case
This ftype of terminal is used for batteries which have their dimensions,'specified accordipg to

Figudes 8, 9, 10, 14, 15 and 16 of IEC 60086-2:2015, but in which_the-cylindrical side gf the
battery forms part of the positive terminal.

4.1.3.5 Screw terminals

This |contact consists of a threaded rod in combination with either a metal or insulated metal
nut.

4.1.3.6 Flat contacts

Thesg are essentially flat metal surfaces adapted to make electrical contact by suitable contact
mechanisms bearing against them.

4.1.3.7 Flat or spiral springs

These contacts comprise flat metal strips or spirally wound wires which are in a form that
provigdes pressure contact.

4.1.3.8 Plug-in-sockets

These are made up(of a suitable assembly of metal contacts, mounted in an insulated hoyising
or halding device.and adapted to receive the corresponding pins of a mating plug.

4.1.3.9 Shap fasteners

4.1.319¢% General

These contacts are composed of a combination comprising a stud (non-resilient) for the positive
terminal and a socket (resilient) for the negative terminal.

They shall be of suitable metal so as to provide efficient electrical connection when joined to
the corresponding parts of an external circuit.

4.1.3.9.2 Snhap fastener

This type of terminal consists of a stud for the positive terminal and a socket for the negative
terminal. These shall be made from nickel plated steel or other suitable material. They shall be
designed to provide a secure physical and electrical connection, when fitted with similar
corresponding parts for connection to an electrical circuit.
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4.1.3.10 Wire
Wire leads may be single or multi-strand flexible insulated tinned copper. The positive terminal
wire covering shall be red and the negative black.

4.1.3.11 Other spring contacts or clips

These contacts are generally used on batteries when the corresponding parts of the external
circuit are not precisely known. They shall be of spring brass or of other material having similar
properties.

4.1.4L Classification (elfectrochemical system)
Primary batteries are classified according to their electrochemical system.
Each| system, with the exception of the zinc-ammonium chloride, zinc chlofideé-manganese
dioxifle system, has been allocated a letter denoting the particular system.
The ¢lectrochemical systems that have been standardized up to now arggiven in Table 1
Table 1 — Standardized electrochemical systems
Negative Nominal Maximym
Letfer 9 Electrolyte Positive electrode open circuit
electrode voltage
voltagde
\Y \Y
No lg¢tter | Zinc (Zn) Ammonium chloride, Manganese dioxide (MnO,) 1,5 1,73
zinc chloride
A Zinc (Zn) Ammonium chloride, oxygen (0,) 1,4 1,55
zinc chloride
B Lithium (Li) Organic electrolyte Carbon monofluoride (CF), 3,0 3,7
d Lithium (Li) Organic electrotyte Manganese dioxide (MnO,) 3,0 3,7
B Lithium (Li) Non-aquepus Thionyl chloride (SOCI,) 3,6 3,9
inorganic
R Lithium (Li) Organic electrolyte Iron disulfide (FeS,) 1,5 1,83
g Lithium (Li) Organic electrolyte Copper (1) oxide (CuO) 1,5 2,3
L zZinc (Zn) Alkali metal hydroxide | Manganese dioxide (MnO,) 1,5 1,68
H zZinc (Zn) Alkali metal hydroxide | Oxygen (O,) 1,4 0r 1,45 1,59
9 Zine«(Zn) Alkali metal hydroxide | Silver oxide (Ag,0) 1,55 1,63
W Lithium (Li) Organic electrolyte Sulphur dioxide (SO,) 3,0 3,05
o () Nom-agueous Suffurytchtoride (SO,CT) 39 71T
inorganic
4 Zinc (Zn) Alkali metal hydroxide | Nickel oxyhydroxide 1,5 1,78
(NiOOH)
NOTE 1 The value of the nominal voltage is not verifiable; therefore it is only given as a reference.
NOTE 2 The maximum open-circuit voltage (3.14) is measured as defined in 5.5 and 6.8.1.
NOTE 3 When referring to an electrochemical system, common protocol is to list negative electrode first, followed
by positive electrode, i.e. lithium-iron disulfide.
NOTE 4 Reference to the electrochemical systems of this table usually appears in a simplified form such as, for
example, “B and C system batteries” or “batteries of the no letter system”.
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4.1.5 Designation

The designation of primary batteries is based on their physical parameters, their
electrochemical system as well as modifiers, if needed.

A comprehensive explanation of the designation system (nomenclature) can be found in
Annex C.

4.1.6 Marking

4.1.6.1 General

For gn overview of marking requirements refer to Table 2. With the exception of batteries too
smal| to mark with all items (see 4.1.6.2), each battery shall be marked with the€.fallqwing
infor[ation:

a) d

b)

signation, IEC or common;

Kpiration of a recommended usage period or year and month or week of manufagture.

1e'he year and month or week of manufacture may be in code;
c) pplarity of the positive (+) terminal;
d) npminal voltage;
npme or trade mark of the manufacturer or supplier;
c

hutionary advice.
NOTE| Examples of the common designations can be found in Annex D of IEC 60086-2:2015.

4.1.6[.2 Marking of smaller batteries

a) Some batteries, mainly category 3 and category 4 batteries, have a surface too smpll to
commodate all markings shown in 4.%.6.1. For these batteries the designation 4.1.6.1a)
%Fd the polarity 4.1.6.1c) shall be marked on the battery. All other markings shown in 4.[1.6.1
ay be given on the immediate packing instead of on the battery.

b) Fpr P-system batteries, 4.1.6.1a) may be on the battery, the sealing tab or the package.
4(1.6.1c) may be marked on‘the sealing tab and/or on the battery. 4.1.6.1b), 4.1.6.1d) and
4(1.6.1e) may be given an:the immediate packing instead of on the battery. The nominal
vpltage may be marked either 1,4 V or 1,45 V.

c¢) Caution for ingestion.of swallowable batteries shall be given. Refer to current valid versions
of IEC 60086-4 and JEC 60086-5 for details.
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Table 2 — Marking requirements

Batteries with the Batteries too small to
Markin exception of batteries too accommodate all markings
9 small to accommodate all P-system
markings batteries
a) Designation, IEC or common A A C
b)  Expiration of a recommended usage
period or year and month or week of A B B
manufacture. The year and month or week
of manufacture may be in code
c) |Polarity of the positive (+) terminal A A D
d) |Nominal voltage A B
e) |Name or trade mark of the manufacturer A B B
or supplier
f)  |Cautionary advice A B2 B2

A: shall be marked on the battery
B: mpy be marked on the immediate packing instead of on the battery
C: mpy be marked on the battery, the sealing tab or the immediate packing
D: mpy be marked on the sealing tab and/or on the battery
d

aution for ingestion of swallowable batteries shall be given. Refer tolEC 60086-4 and IEC 60086-5 for defails.

4.1.6[.3 Marking of batteries regarding methgd“of disposal

Markjng of batteries with respect to the method“of disposal shall be in accordance with |local
legallrequirements.

4.1.7 Interchangeability: battery vodtage

Primary batteries as presently standardized in the IEC 60086 series can be categorized by|their
standard discharge voltage Ug.-[Foer a new battery system, its interchangeability by voltage is

assessed for compliance with the following Formula (1):

nx0,85 U, <m<Ug <nx1,15 U, (1)

wherp

n is.thenumber of cells connected in series, based on reference voltage U,;

m is the number of cells connected in series, based on standard discharge voltage Ug;
U, is the reference voltage,

U. is the standard discharge voltage.

S
Currently, two voltage ranges that conform to the above formula have been identified. They are
identified by reference voltage U,, which is the midpoint of the relevant voltage range.

Voltage range 1, U, = 1,40 V: Batteries having a standard discharge voltage m x Ug equal to or
within the range of n x 1,19 Vton x 1,61 V.

Voltage range 2, U, = 3,20 V: Batteries having a standard discharge voltage m x Ug equal to or
within the range of n x 2,72 Vton x 3,68 V.
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Details on the standard discharge voltage and related quantities, as well as the methods of their
determination, are given in Annex D.

NOTE For single-cell batteries and for multi-cell batteries assembled with cells of the same voltage range, m and n
will be identical; m and n will be different for multi-cell batteries if assembled with cells from a different voltage range
than those of an already standardized battery.

Voltage range 1 encompasses all presently standardized batteries with a nominal voltage of
1,5V, i.e. "no-letter" system, systems A, F, G, L, P, S and Z.

Voltage range 2 encompasses all presently standardized batteries with a nominal voltage of

3V, i

Because batteries from voltage range 1 and voltage range 2 show significantty_diff
arge voltages, they shall be designed to be physically non-interchangeable. Before

disch
stand
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WARN
leakad

4.2

4.2.1

Discharge performance of primary batteries is specifieddn ITEC 60086-2.

4.2.2

The
IEC ¢
cond

Anin
S syq

As irn
syste

4.2.3

When batteries/are stored and discharged under the standard conditions given in this docut

no le

4.2.4

Le-systems B C E W and Y

ardizing a new electrochemical system, its standard discharge voltage shall be deternr
cordance with the procedure given in Annex D to resolve its interchangeability by vol

e and/or device damage. This requirement is necessary for safety and operational'reasons.
Performance

Discharge performance

Dimensional stability

0086-2 and IEC 60086-3 at all times~during discharge testing under the star
tions.

crease in battery height of 0,25.mm can occur with button and coin cells of the G, L, R
tems, if discharged below end-=point voltage.

ms, a decrease in battery height can occur if discharged below end-point voltage.

Leakage

pkage shall occur.

Open-circuit voltage limits

erent

ined
age.

ING Failure to comply with this requirement can present safety hazards to the user, such as fire, explosion,

imensions of batteries shall conform to-the relevant specified dimensions as given in

dard

and

formation for battery compartment manufacturers, for certain coin cells of the C and B

nent,

The maximum open-circuit voltage of batteries shall not exceed the values given in Table 1.

4.2.5 Service output

Discharge durations, initial and delayed, of batteries shall meet the requirements given in
IEC 60086-2.

4.2.6 Safety

When designing primary batteries, safety under conditions of intended use and foreseeable
misuse as prescribed in IEC 60086-4 and IEC 60086-5 shall be considered.
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4.2.7

Validity of testing

Portable primary batteries shall be subjected to the tests, as required in the 60086 series. Test
results remain valid until a design change or requirement revision has been made. Retesting
is required when:

a) a battery specification changes by more than 0,1 g or 20 % mass, whichever is greater, for
the cathode, anode or electrolyte;

b) a

battery specification changes that would lead to a failure of any of the tests;

c) there is an addition of new tests or requirements; or

d) th
5 F

5.1

Fort
refer

A ca

D.2.3.

disch

The following factors/variables dramatically impact on,eptimum capacity realisation.

a) T
by T
c) T
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Performance — Testing

Capacity testing versus application and service output testing

e preparation of standard methods of measuring performance (SMMP) of consumer ¢
to Annex E.

pacity of a primary battery may be established by electrical_discharge tests as detail
However, under consumer usage conditions, the capacities realised from elec
arge test methods can vary.

he current demand from the external electrical circuit/device.

he frequency of current demand (continuous’or intermittent usage).

he minimum voltage at which the devicg& will satisfactorily operate (cut off voltage).
he temperature of operation.

the variables listed in a) to d),-high current demand for prolonged periods coupled v

cut off voltage and low temperature represents the worst case conditions resulti
icant capacity loss.

Bec

used|in any calculatiop-6fultimate battery performance it is nevertheless essential to cony
the user some ideasof-battery performance/life when used in typical battery powered dey
It should howeverbe’noted that such designated ‘application tests’ (defined in 60086-2)

not

electfical requirements in the marketplace. Furthermore battery performance may be fy
affected by-ofie or more of the conditions in a) to d) above.

Anngx ‘E’has therefore been derived from ISO/IEC Guide 36:1982 (now withdrawn).

use the electrically or chemically derived capacity of a primary battery cannot be re

ntirely replicate a device/application there being many variations, each with diff

oods,

ed in
trical

ith a
ng in

iably
ey to
ices.
may
ering
rther

5.2

5.2.1

Discharge testing

General

The discharge tests in this document fall into two categories:

— application tests;

— service output tests.

In bo

th categories of tests, discharge loads are specified in accordance with 6.4.

The test methods of determining the load and test conditions are as given in 5.2.2 and 5.2.3.
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5.2.2 Application tests

5.2.2.1 General

a) The equivalent resistance is calculated from the average current and average operating
voltage of the equipment under load. Constant current or constant power loads are also
permitted for applications exhibiting these types of power demand patterns.

b) The functional end-point voltage and the equivalent resistance load, current load, or
constant power values are obtained from typical application equipment measurements.

c¢) The median class defines the load value and the end-point voltage to be used for the
discharge test.

flthe data are concentrated in two or more widely separated groups, more than oneg test
nmay be required.

d)

Application tests may be accelerated by discharge load, daily period duty cycle,"er both| The
specified values for load and time intermittency should take the following” factors| into
cons|deration:

— d|scharge efficiency of the battery relative to the application,
— typical duty cycle use patterns for the application,

— tqtal time to conduct the test typically not to exceed 30 daysy
Some¢ fixed resistance tests have been chosen to permit simplicity of design and enpsure

reliability of the test equipment, despite the fact that, in spécific instances, constant currgnt or
constant wattage tests may be a better representation.of/the application.

the range of applications in use. It is likely that the'load characteristics of a particular category

In ths{zfuture, alternative or additional load conditions may be necessary to effectively reprg¢sent
of equipment will change with time in a developing technology.

The precise determination of the functignal end-point voltage of the equipment is not alvays
poss|ble. The discharge conditions are\at best a compromise selected to represent a catgegory
of equipment which may have widel§y)divergent characteristics.

Nevertheless, in spite of these limitations, the derived application test is the best approach
know for the estimation of battery capability for a particular category of equipment.

NOTE| In order to minimizZe the proliferation of application tests, the tests specified should target those applfances
accoupting for 80 % of the )market by battery designation.

5.2.202 Application tests with multiple loads

For application tests with multiple loads, the load order during a cycle shall start with the
heav|est load and move to the lightest load unless otherwise specified.

5.2.3 Service output tests

For service output tests, the value of the load resistor should be selected such that the service
output approximates 30 days.

When full capacity is not realized within the required time scale, the service output may be
extended to the shortest suitable duration thereafter by selecting a discharge load of lower
ohmic value, as defined in 6.4.
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5.3

Conformance check to a specified minimum average duration

In order to check the conformance of a battery to any discharge test specified in IEC 60086-2
and 60086-3, the test shall be carried out as follows:

a)
b)
c)

d)

f)

9)

Test eight batteries.
Calculate the average without the exclusion of any result.

If this average is equal to or greater than the specified figure and no more than one battery
has a service output of less than 80 % of the specified figure, the batteries are considered

to conform to service output.

If thlo QVUIQUU IQ :COQ thull thc O'.IC\;IfICd flyulc alldllul LLLAA B3] thall A\ Al A~ battC|_y hao A O
ofitput of less than 80 % of the specified figure, repeat the test on another sample-of
batteries and calculate the average as previously.

Iffthe average of this second test is equal to or greater than the specified figure*and no

ale considered to conform to service output.

Iff the average of the second test is less than the specified figure and/or more than
bhattery has a service output of less than 80 % of the specifiedfigure, the batterie
cpnsidered not to conform and no further testing is permitted.

pr the purposes of verifying compliance with this document; conditional acceptance
b given after completion of the initial discharge tests.

o T

NOTE| Discharge performance of primary batteries is specified in IEC §0086-2.

5.4

Guidance for considering proposed value of\minimum average duration

This guidance is described in Annex F.

5.5

OCV testing

Oper}-circuit voltage shall be measured.with the voltage measuring equipment specified in

5.6

Insulation resistance

For blatteries with insulating labels, cases or jackets, the resistance between externally exp

surfajces of the battery and either terminal shall be equal to or greater than 5 MQ at 500%

applipd for up to 60 s

5.7

Battery dimensions

Dimgnsionssshall be measured with the measuring equipment specified in 6.8.2.

5.8

Leakage and deformation

rvice
eight

more

than one battery has a service output of less than 80 % of the specified figure/the batteries

one
b are

shall

6.8.1.

osed
aov’

After the service output has been determined under the specified environmental conditions, the
discharge shall be continued in the same way until the closed circuit voltage drops for the first
time below 40 % of the nominal voltage of the battery. The requirements of 4.1.3, 4.2.2 and

4.2

.3 shall be met.

NOTE For button and coin batteries, the visual examination for leakage is carried out in accordance with the
respective clauses of IEC 60086-3 and IEC 60086-5.
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6 Performance — Test conditions

6.1

Storage and discharge conditions

2021

Storage before discharge testing and the actual discharge test are carried out under well-
defined conditions. Unless otherwise specified, the conditions given in Table 3 shall apply.
Discharge conditions shown are further referred to as standard conditions.

Table 3 — Conditions for storage before and during discharge testing

Storage conditions Discharge conditions
Type of test Temperature Relative . Temperature Relatile
- Duration et N
humidity huomidity
°C % RH °C % RH
60 days maximum
Initlal discharge test 2052 55+ 20/ -40 after date of 20+ 2 55 + 20/ -40
manufacture
Ddlayed discharge 20+52 55 + 20 / -40 12 months 20+ 2 55 + 20 [ -40
test®
Ddglayed discharge
test (high 45+2°¢ 55+ 20 4 weeks 202 55 + 20/ -40
t¢mperature) e
a8 During short periods the storage temperature may deviate from these*limits without exceeding (20 + 10) fC.
b Tlhis test is carried out when a storage test at high temperaturens. required. Performance requirements arp the
sjubject of agreement between the manufacturer and the cuSiomer.
¢ Hatteries to be stored unpacked.
d  Hxcept “P” and “A” system: (55 + 10) % RH.
¢ Tlhe performance should meet or exceed the percentage of minimum average duration (MAD) value.
6.2 | Commencement of discharge tests after storage
The period between the completion of storage and the start of a delayed discharge test|shall
not exceed 14 days.
Durirlg this period the batteries shall be kept at (20 £ 2) °C and (55 + 20 / -40) % RH (except
for Ptsystem batteries where the relative humidity shall be (55 + 10) % RH).
At lejast one~day in these conditions shall be allowed for normalization before starting a
discharge test-after storage at high temperature.
6.3 |[‘Discharge test conditions
6.3.1 General

In order to test a battery it shall be discharged as specified in IEC 60086-2 or IEC 60086-3 until
the voltage on load drops for the first time below the specified end-point. The service output
may be expressed as pulses, duration, capacity, or energy.

6.3.2

Compliance

When IEC 60086-2 or IEC 60086-3 specify service outputs for more than one discharge test,

batte

ries shall meet all of these requirements in order to comply with this document.
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6.4 Load resistance

The value of the resistive load (which includes all parts of the external circuit) shall be as
specified in the relevant specification sheet and shall be accurate to +0,5 %.

When formulating new tests, the resistive loads shall, whenever possible, be as shown in
Table 4 together with their decimal multiples or sub-multiples.

Table 4 — Resistive loads for tests

Values in ohms

14,00 1,10 1,20 1,30 1,50 1,60 1,80 2,0p
2,20 2,40 2,70 3,00 3,30 3,60 3,90 4,3p
4,70 5,10 5,60 6,20 6,80 7,50 8,20 9,1p

6.5 | Time periods
The periods on-discharge and off-discharge shall be as specified in\|EC 60086-2.

When formulating new tests, whenever possible, one of the following daily periods shou|d be
adopted from Table 5.

Table 5 — Time periods for tests

1 min 5 min 10 min 30 min 1lh

2h 4 h 12 h 24 h (continuous) —

Othef cases are specified in IEC 60086+2, if necessary.

6.6 | Test condition tolerances

Unless otherwise specified, the tolerances given in Table 6 shall apply.

Table 6 — Test condition tolerances

Test parameter Tolerance
Temperature +2 °C
Load +0,5 %
Voltage +0,5 %
Refative umidity F20 =240 % RH

except “P” and “A” systems +10 % RH

Time Discharge time t Tolerance
0<tys2s 15 % of t,

2s<t;<100s +0,1s
ty>100s +0,1 % of t,

6.7 Activation of ‘P’-system batteries

A period of at least 10 min shall elapse between activation and the commencement of electrical
measurement.
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6.8 Measuring equipment
6.8.1 Voltage measurement

The accuracy of the measuring equipment shall be < 0,25 % and the precision shall be < 50 %
of the value of the last significant digit. The internal resistance of the measuring instrument
shall be =2 1 MQ.

6.8.2 Mechanical measurement

The accuracy of the measuring equipment shall be < 0,25 % and the precision shall be < 50 %

| fthao | t ol ifi t digit
of the-value—-ofthelastsignificantdigit:

7 S$ampling and quality assurance

The dise of production and incoming inspection sampling plans or product quatity’indices should
be agreed between the manufacturer and the purchaser.

Whelle no agreement is specified, refer to ISO 2859 and ISO 22514-2for sampling and gyality
compliance assessment advice.

8 Battery packaging

A cogle of practice for battery packaging, shipment, storage, use and disposal can be found in
Annex G.
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Annex A
(normative)

Criteria for the standardization of batteries

Batteries and electrochemical systems shall meet the following requirements to justify their
initial inclusion or ongoing retention in the IEC 60086 series:
a) The battery or batteries of this electrochemical system are in mass production.

b) The battery or batteries of this electrochemical system are available in several market
aces of the world.

c)

p

Pjatent items shall conform to the requirements contained in 2.14 of the ISO/IEC BPirectives,
Plart 1:2019, Reference to patented items.
T
0
m

d) The battery is produced in at least two different countries or alternatively, if ptaduced irf only
he country, the battery is purchased by other international and independent battery

anufacturers and sold under their company label.

The jtems of Table A.1 shall be included in any new work proposal-to standardize a| new
individual battery or electrochemical system.

Table A.1 — Items necessary to standardize

Individual battery Electrochemical system
Confprmance statement to items a) to d) above Conformance statement to items a) and b) above
Desiggnation and electrochemical system Reeommended designation letter
Dimgnsions (including drawings) Negative electrode
Discharge conditions Positive electrode
Minifnum average duration(s) Nominal voltage
Maximum open circuit voltage
Electrolyte
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Annex B
(informative)

Recommendations for equipment design

Technical liaison

2021

It is recommended that companies producing battery-powered equipment maintain close liaison
with the battery industry. The capabilities of existing batteries should be taken into account at

2d in

desig
IEC ¢
and 9

B.2

B.2.1

p
0086-2. The equipment should be permanently marked with the IEC designation,\g
ize of battery which will give optimum performance.

Battery compartment

General

Design compartments so that batteries are easily inserted and do not fall out. The dimen

and
docu

jesign of compartments and contacts should be such that. batteries complying with
ment will be accepted. In particular, the equipment designer should not ignord

toIerI]nces given in this document, even if a national standard-or a battery manufacturer

for s
The ¢

Clea
inser

Use

comy
() 1
batte

Battg
SO a
phys
desid
cond
Battg

For

aller battery tolerances.
esign of the negative contact should make allowance for any recess of the battery ter

ly indicate the type of battery to use, the\correct polarity alignment and direction
fion.

artment designs to prevent the reverse connection of batteries. Positive (+) and ned
attery contacts should be visibly different in form to avoid confusion when insg
ries.

ry compartments should be electrically insulated from the electric circuit and positi

cally contact the electric circuit. Care should be taken in the choice of materials an
n of contacts to) ensure that effective electrical contact is made and maintained U
tions of usesevén with batteries at the extremes of dimensions permitted by this docu
ry and equipment terminals should be of compatible material and low electrical resist

attery)compartments with parallel connections, refer to IEC 60086-5.

rade

sions
this
the
calls

minal.

s for

he shape and/or the dimensions-ofthe positive (+) and negative (=) battery terminals in

ative
rting

oned

5 to minimize possible damage and/or risk of injury. Only the battery terminals should

d the
nder
ent.
nce.

Equipment designed to be powered by air-depolarized batteries of either the "A" or "P" system
shall provide for adequate air access. For the "A" system, the battery should preferably be in
an upright position during normal operation. For "P" system batteries conforming to Figure 9 of
IEC 60086-2:2015, positive contact should be made on the side of the battery, so that air access
is not impeded.

Although batteries are very much improved regarding their resistance to leakage, it can still
occur occasionally. When the battery compartment cannot be completely isolated from the
equipment, it should be positioned so as to minimize possible damage.
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The battery compartment should be clearly and permanently marked to show the correct
orientation of the batteries. One of the most common causes of dissatisfaction is the reversed
placement of one battery in a set, which may result in battery leakage and/or explosion and/or
fire. To minimize this hazard, battery compartments should be designed so that a reversed
battery will result in no electrical circuit.

The associated circuitry should not make physical contact with any part of the battery except at
the surfaces intended for this purpose.

Designers are strongly advised to refer to IEC 60086-4 and IEC 60086-5 for comprehensive
safety considerations.

B.2.2 Limiting access by children

Appdratus should be designed to prevent children from removing the battery: Refpr to
inforation for safety found in IEC 60086-4 and IEC 60086-5.

B.3 | Voltage cut-off

In orfer to prevent leakage resulting from a battery being driven ‘into reverse, the equipment
voltape cut-off should not be below the battery manufacturer’'s:recommendation.



https://iecnorm.com/api/?name=f530c7cb096b292f3adbf697eed9ee38

Cl1

- 26 — IEC 60086-1:2021 © IEC

Annex C
(normative)

Designation system (nomenclature)

General

2021

The battery designation system (nomenclature) defines as unambiguously as possible the
physical dimensions, shape, electrochemical system, nominal voltage and, where necessary,

the ty

This

- C

- (g
a

C.2

C.2.1

This

remalin valid for those batteries after that date.

C.2.2

A cel

flat (fayer built) and square cells, respectiveély. The letter, together with the following num

is de

Whe
nomi
table
Thes
Thes

NOTE|

naeoftarminale ratg canahilityvy and cnacial charactarictiog
pe-o+—teHHharS—tate-capapstity—ahaSpectar-eRalacte HSHES:

annex is divided into two clauses:

lause C.2 defines the designation system (nomenclature) in use up to October 1990

lause C.3 defines the designation system (nomenclature) in use since @ctober 19
ccommodate present and future needs.

Designation system in use up to October 1990

General

Clause applies to all batteries which have been standardized up to October 1990 an

Cells

is designated by a capital letter followed by a number. The letters R, F and S define rg

ined by a set of nominal dimensions:

e a single-cell battery is specified, the maximum dimensions of the battery instead (¢
hal dimensions of the cell are_given in Table C.1, Table C.2 and Table C.3. Note that
5 do not include electrochemistries, except for the no letter system, or other modi
P other parts of the designation system (nomenclature) follow in C.2.3, C.2.4 and d
e tables only provide core physical designations for single cells or single batteries.

The complete dimensions of these batteries are given in IEC 60086-2 and IEC 60086-3.

b0 to

0 will

und,
berl,

f the
hese
iers.
.2.5.

1 At the time this system was applied, numbers were allocated sequentially. Omissions in the sequence arise
because of deletions or by the different approach to numbering used even before the sequential system.
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Table C.1 — Physical designation and dimensions of round cells and batteries

Dimensions in millimetres

Nominal cell dimensions

Maximum battery dimensions

Physical
designation Diameter Height Diameter Height
RO6 10 22 — -
RO3 - - 10,5 445
RO1 - - 12,0 14,7
RO 11 19 — -
R1 - - 12,0 30,2
R3 35 75 = =
R4 13,5 38 — —
R6 - - 14,5 50,5
R9 - - 16,0 6,2
R10 — - 21,8 37,3
R12 - - 21,5 60,0
R14 - - 26,2 50,0
R15 24 70 — -
R17 25,5 17 - -
R18 25,5 83 - -
R19 32 17 — -
R20 - - 34,2 61,5
R22 32 75 - -
R25 32 91 — -
R26 32 105 - -
R27 32 150 - -
R40 — - 67,0 172,0
R41 - - 7,9 3,6
R42 — — 11,6 3,6
R43 — = 11,6 4,2
R44 - - 11,6 5,4
R45 9,5 3,6 — -
R48 — - 7,9 54
R50 - - 16,4 16,8
R51 16,5 50,0 — -
R52 — - 16,4 11,4
R53 - - 23,2 6,1
R54 — - 11,6 3,05
R55 — - 11,6 2,1
R56 - - 11,6 2,6
R57 — - 9,5 2,7
R58 — - 7,9 2,1
R59 - - 7,9 2,6
R60 — - 6,8 2,15
R61 7,8 39 — -
R62 - - 5,8 1,65
R6E3 5:8 235
R64 — - 5,8 2,70
R65 - - 6,8 1,65
R66 — - 6,8 2,60
R67 — - 7,9 1,65
R68 - - 9,5 1,65
R69 - - 9,5 2,10
R70 — - 5,8 3,6

NOTE The complete dimensions of these batteries are given in IEC 60086-2 and IEC 60086-3.
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Table C.2 — Physical designation and nominal overall dimensions of flat cells

Dimensions in millimetres

Physical Diameter Length Width Thickness
designation
F15 - 14,5 14,5 3,0
F16 - 14,5 14,5 4.5
F20 - 24 13,5 2,8
F22 - 24 13,5 6,0
F2z 23 = = ISAY)
F25 - 23 23 650
F30 - 32 21 3,3
F40 - 32 21 5,3
F50 - 32 32 3,6
F70 - 43 43 5,6
F80 - 43 43 6,4
F90 - 43 43 7,9
F92 - 54 37 5,5
F95 - 54 38 7,9
F100 - 60 45 10,4

NOTE The complete dimensions of these batteries are given ja\EC 60086-2.

Table C.3 — Physical designation and-dimensions of square cells and batteries

Dimensions in millim

ptres

Nominal cell dimensions

Maximum battery dimensions

Physical
dgsignation Length Width Height Length Width Height
S4 - - - 57,0 57,0 125,p
S6 57 57 150 - - -
Y - - - 85,0 85,0 200,p
S10 95 95 180 - - -

NOTE The complete'dimensions of these batteries are given in IEC 60086-2.

In some cases, cell sizes which are not used in IEC 60086-2 have been retained in these t

becalise of their use in national standards.

hbles

C.2.3

Electrochemical system

With the exception of the zinc-ammonium chloride, zinc chloride-manganese dioxide system,
the letters R, F and S are preceded by an additional letter which denotes the electrochemical
system. These letters can be found in Table 1.

cC.24

Batteries

If a battery contains one cell only, the cell designation is used.

If a battery contains more than one cell in series, a numeral denoting the number of cells
precedes the cell designation.
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If cells are connected in parallel, a numeral denoting the number of parallel groups follows the
cell designation and is connected to it by a hyphen.

If a battery contains more than one section, each section is designated separately, with a slash
(/) separating their designation.

C.2.5 Modifiers

In order to preserve the unambiguity of the battery designation, variants of one basic type are
differentiated by the addition of a letter X or Y to indicate the different arrangements or terminals
and P or S to indicate different performance characteristics.

C.2.6 Examples
R20 A battery consisting of a single R20-size cell of the zinc-ammoniumhloride, kinc
chloride-manganese dioxide system.

LR2Z0 A battery consisting of a single R20-size cell of the zinc-alkalimetal hydroxide-
manganese dioxide system.

3R12 A battery consisting of three R12-size cells of the zinc-ammonium chloride, ginc
chloride-manganese dioxide system, connected in seriges:

4R25X A battery consisting of four R25-size cells of the’zinc-ammonium chloride, ginc
chloride-manganese dioxide system, connected i series and with spiral spfring
contacts.

C.3 | Designation system in use since October 1990

C.3.1 General

This plause applies to all new sizes considered for standardization after October 1990.

The pasis for this designation system (nomenclature) is to convey a mental concept df the
battefy through the designation’system. This is accomplished by using a diameter, frpm a
cylindrical envelope, and a height related concept for all batteries, round (R) and non-round (P).

This tlause also appliesyto single-cell batteries and multi-cell batteries with cells in series apd/or
parallel connection.

For gxample adattery of maximum diameter 11,6 mm and a height of maximum 5,4 mm is
designated as-R1154 preceded by a code for its electrochemical system, as described i this
claude.

C.3.2 Round batteries
c.3.2.1 Round batteries with diameter and height less than 100 mm
c.3.211 General

The designation for round batteries with a diameter and height less than 100 mm is as shown
in Figure C.1.
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Modifiers
(see NOTE 2)

Code denoting height
in 0,01 mm if needed

Leaf
(reTef T

and C.3.2.1.3)
Number of cells
or|parallel strings
(*e”e1 ;%I.(I.eé 1) Code denoting.maximum height
i in 0,1 mm (refer to C.3.2.1.3)
Letter denoting Code denoting 0,1 mm of
electrochemical system maximum diameter
(refer to Table 1) (refer to Figure C.2 and C.3.2.1.2)
Code denoting Code denoting maximum diameter
shape (R = round) (referto /Table C.4 and C.3.2.1.2)
IEC

NOTE|1 The number of cells or strings in parallelNs' not specified.

NOTE|2 Modifiers are included to designate for example specific terminal arrangement, load capability and further
specigl characteristics.

Figure C.1 — Designation system for round batteries: d; < 100 mm; height h; <100 mm

C.3.4.1.2 Method fervassigning the diameter code

The giameter code is_derived from the maximum diameter.

The dliameter-e6de number is:

a) sighed according to Table C.4 in case of a recommended diameter;
b) apsigned according to Figure C.2 in case of a non-recommended diameter.
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Table C.4 — Diameter code for recommended diameter

Dimensions in millimetres

Code Recommended Code Recommended
maximum diameter maximum diameter
4 4.8 20 20,0
5 5,8 21 21,0
6 6,8 22 22,0
7 7,9 23 23,0
23 25 24 245
9 9,5 25 25,0
10 10,0 26 2652
11 11,6 28 28,0
12 12,5 30 30,0
13 13,0 32 32,0
14 14,5 34 34,2
15 15,0 36 36,0
16 16,0 38 38,0
17 17,0 40 40,0
18 18,0 41 41,0
19 19,0 67 67,0
XX o]

Maximum diameter (mm)
(integer)

Decimal part of
maximum diameter
0,0
0,1
0,2
0,3
0,4
0,5
0,6
0,7
0,8
0,9

Code “C”

X cecIOGMOO W >

IEC

Figure C.2 — Diameter code for non-recommended diameters

Cc.3.2.1.3 Method for assigning the height code

The height code is the number, denoted by the integer of the maximum height of the battery,
expressed in tenths of a millimetre (e.g. 3,2 mm maximum height is denoted 32).
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The maximum height is specified as follows:

a) for flat contact terminals, the maximum height is the overall height including the terminals;
b) for all other types of terminals, the maximum height is the maximum overall height excluding
the terminals (i.e. shoulder-to-shoulder).

If the height in hundredths of a millimetre needs to be specified, the hundredth of a millimetre
may be denoted by a code according to Figure C.3.

Maximum height
(tenths of a millimetre)

Decimal part of height
mm
0,00
0,01
0,02
0,03
0,04
0,05
0,06
0,07
0,08
0,09

Code“C”

rXcIOMmMOUO wWX»

IEC

NOTE| The hundredths of a millimetre code is only used when needed.

EXAMPLE 1 LR1154: A battery consisting of asxtoeund cell or string in parallel with a maximum diameter of 11{6 mm
(Tablg C.4) and a maximum height of 5,4 mm, of the zinc-alkali metal hydroxide-manganese dioxide system.

EXAMPLE 2 LR27A116: A battery consisting of a round cell or string in parallel with a maximum diameter of 27 mm
(Figurp C.2) and a maximum height ¢f11,6 mm, of the zinc-alkali metal hydroxide-manganese dioxide system|.

EXAMPPLE 3 LR2616J: A battery consisting of a round cell or string in parallel with a maximum diameter of 26(2 mm
(Tablg C.4) and a maximum_height of 1,67 mm (Figure C.3), of the zinc-alkali metal hydroxide-manganese dioxide
system.

Figure C.3 « Height code for denoting the hundredths of a millimetre of height

C.3.3.2 Round batteries with diameter and/or height over or equal to 100 mm

C.3.4.221 General

The designation for round batteries with a diameter and/or height > 100 mm is as shown in
Figure C.4.
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Modifiers

Number of cells or (see NOTE 2)

parallel strings
in series
(see NOTE 1)

Integer of maximum height

in millimetres

Letter denoting

etectrochemicat

system “I” separating diameter and
(refer to Table 1) height code
Code denoting shape Integer of maximum diameter
(R =round) in millimetres
IEC

NOTE|1 The number of cells or strings in parallel is not identified.

NOTE|2 Modifiers are included to designate for example specific terminal arrangement, load capability and {further
specigl characteristics.

Figlire C.4 — Designation system for round batteries: d3'2 100 mm; height hy 2 100 mm

C.3.3.2.2 Method for assigning the diameter €¢ode

The dliameter code is derived from the maximunm.diameter.

The diameter code number is the integer of the maximum diameter of the battery expressied in
millimetres.

C.3.4.2.3 Method for assigning’the height code

The peight code is the numbér“denoting the integer of the maximum height of the bajtery,
expressed in millimetres.

The Iwaximum height is specified as follows:
r flat contact terminals (e.g. batteries according to Figures 1, 7, 8 and [9 of
IEC 6008642:2015), the maximum height is the overall height including the terminals;

b) far all ather types of terminals, the maximum height is the maximal overall height exclliding
the terminals (i.e. shoulder-to-shoulder).

loride,

EXAMIR FHHEHA
a shoulder-to-

zinc chloride-manganese dioxide system, connected in series, having a diameter of 184,0 mm and
shoulder maximum height of 177,0 mm.

Ara h

Cc.3.3 Non-round batteries
Cc.3.3.1 General

The designation system for non-round batteries is as follows:

An imaginary cylindrical envelope is drawn, encompassing the surface from which the terminals
first emerge from the battery case.

Using the maximum dimensions of length (1) and width (w), the diagonal is calculated, which is
also the diameter of the imaginary cylinder.
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For the designation, the integer of the diameter of the cylinder in millimetres and the integer of
the maximum height of the battery in millimetres is applied.

The maximum height is specified as follows:

a) for flat contact terminals, the maximum height is the overall height including the terminals;

b) for all other types of terminals, the maximum height is the maximum overall height excluding
the terminals (i.e. shoulder-to-shoulder).

NOTE In the event there are two or more terminals emerging from different surfaces, the one with the highest
voltage applies.

C.3.3.2 Non-round batteries with dimensions < 100 mm

The designation for non-round batteries with dimensions < 100 mm is as shown in Figure|C.5.

S I T R ——

Modifiers

Number of cells
(see NOTE 2)

or parallel strings
in series
(see NOTE 1)

Integer of the maximum height
of the battery expressed
in millimetres

Letter denoting electrochemical
system
(refer to Table 1)

Integer of the diameter expressed in millimetres
(see NOTE 3) of the cylindrical envelope
encompassing the maximum length and

width dimensions of the surface from
which the terminals first emerge

Code denoting shape
(P = non-round)

IEC|

NOTE|1 The number of cells or strings in parallel is not identified.

NOTE|2 Modifiers are included to designate, for example, specific terminal arrangement, load and further gpecial
charagteristics.

NOTE|3 In case the height needs to be discriminated in tenths of a millimetre, the letter code shown in Figufe C.7
appliep.

EXAMPPLE 6LR3146: A battery consisting of six cells or strings in parallel of the zinc-alkali metal hydrpxide-
manggnese dioxide system, connected in series with a maximum length of 26,5 mm, a maximum width of 17,p mm,
and a|maximum height of 46,4 mm. The integer of the diameter of this surface (I and w) is calculated accordihg to:

l 2 2
VI + W =31,8 mm; integer = 31

Figure C.5 — Designation system for non-round batteries, dimensions < 100 mm

C.3.3.3 Non-round batteries with dimensions 2 100 mm

The designation for non-round batteries with dimensions = 100 mm is as shown in Figure C.6.
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R

|_|

|_|

Number of cells
or parallel strings
in series
(see NOTE 1)

Modifiers
(see NOTE 2)

Integer of the maximum height
of the battery expressed
in millimetres (see NOTE 3)

Letter denoting
electrochemical system
(refer to Table 1)

Symbol separating the length/width

and height codes

Code denoting shape
(P = non-round)

Integer of the diameter expressed in millimetres
(see NOTE 3) of the cylindrical.envelope encompassing
the maximum length and width~dimensions of the surface

from which the terminals first emerge

NOTE|1 The number of cells or strings in parallel is not identified.

IEC

NOTE|2 Modifiers are included to designate, for example, specificjterminal arrangement, load and further dpecial

charagteristics.

NOTE|3 In case the height needs to be discriminated in tenths of a millimetre, the letter code shown in Figufe C.7

appliep.

EXAMPLE 6P222/162: A battery consisting of six cels or strings in parallel of the zinc-ammonium chloride, zinc
chloride-manganese dioxide system, connected in-series, with a maximum length of 192 mm, a maximum wi{dth of

113 mjm, and a maximum height of 162 mm.

Figure C.6 — Designation system for non-round batteries, dimensions 2 100 mm

Maximum height
inmillimetres (integer)

Decimal part of height
mm

Code

0,0

0,1
0,2
0,3
0,4
0,5
0,6
0,7
0,8
0,9

rXccIGOGMmMOO WX

NOTE The tenths of a millimetre code is only used when needed.

IEC

Figure C.7 — Height code for discrimination per tenth of a millimetre
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C.34 Ambiguity

In the unlikely event that two or more batteries would have the same diameter of the
encompassing cylinder and the same height, the second one will be designated with the same
designation extended with “-1".

Table C.5 — Physical designation and dimensions of round cells
and batteries based on Clause C.2

Dimensions in millimetres
Physical designation Maximum battery dimensions
Diameter Height
R772 7,9 7,2
R1025 10,0 2,5
R1216 12,5 1,6
R1220 12,5 2,0
R1225 12,5 2)5
R1616 16,0 1,6
R1620 16,0 2,0
R2012 20,0 1,2
R2016 20,0 1,6
R2020 20,0 2,0
R2025 20,0 2,5
R2032 20,0 3,2
R2320 23,0 2,0
R2325 23,0 2,5
R2330 23,0 3,0
R2354 23,0 5,4
R2420 24,5 2,0
R2425 24,5 2,5
R2430. 24,5 3,0
R2450 24,5 5,0
R3032 30,0 3,2
R11108 11,6 10,8
2R13252 13,0 25,2
R12A604 12,0 60,4
R14250 14,5 25,0
R15H270 15,6 27,0
R17335 17,0 33,5
R17345 17,0 34,5
R17450 17,0 45,0
NOTE The complete dimensions of these batteries are given in IEC 60086-2 and
IEC 60086-3.
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Table C.6 — Physical designation and dimensions of non-round batteries

based on Clause C.2

Dimensions in millimetres

Maximum battery dimensions

Physical Designation

designation (original) Length Width Height
2pP3845 2R5 34,0 17,0 45,0
2P4036 R-P2 35,0 19,5 36,0

NOTE 1 The actual used designation of these batteries is 2R5 and R-P2 since these batteries were already

recognized under these numbers before they were standardized

NOTE 2 The complete dimensions of these batteries are given in IEC 60086-2.
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Annex D
(informative)

Standard discharge voltage U, —
Definition and method of determination

Definition

2021

The standard discharge voltage Uy is typical for a given electrochemical system. It is a unique

volta
only

D.2

D.2.1

The

disch
whic
norm
C(Ry
C(Ry4

which means C(Rd)/Cp =1 as indicated by the horizontal line in Figure D.1. It further shows

capa
fracti

e in that it is independent of both the size and the internal construction of the batt

5 the standard discharge voltage;
5 the standard discharge capacity;
5 the standard discharge time;

S the standard discharge resistor.

Determination

General considerations: the C/R-plot

letermination of the discharge voltage U, is accomplished via a C/R-plot (where C i

arge capacity of a battery; R is(the discharge resistance). For illustration, see Figure
shows a schematic plot\of discharge capacity C versus discharge resistor Ry

lized presentation, i.ex C(Rd)/Cp is plotted as a function of Ry. For low Ry-values
-values are obtained.and vice versa. On the gradual increase of Ry, discharge cag
also increases untilfinally a plateau is established and C(R,) becomes constant 3:

Cp = constant

City, €= f(Ry) is de

n

ry. It
fdepends on its charge-transfer reaction. The standard discharge voltage Ug is definid by
Equation (D.1).

D.1)

5 the
D.1,
2 in

, low

acity

D.2)

that
r the

p
b

O

P

4
=

NOTE

Under plateau conditions, capacity C is independent of R,.

The discharge voltage U, is determined by Equation (D.3).

2 su

Ud = —X Rd
ty

bscript d differentiates this resistance from Rg; see Equation (D.1).

(D.3)

3 For very long periods of discharge time Cp may decrease due to the battery’s internal self-discharge. This may

be

noticeable for batteries having a high self-discharge, for example 10 % per month or above.
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oA
=
]
1 = - - Ll ]
0,98 08 % C(R) = Cp = constant

C=fRy) /

Capacity plateau: dC/dR=0

0,5

Cut-off voltage: U_= constant

R |

R,(0,5) R

Iy
o

Figure D.1 — Normalized C/R*plot (schematic)
The guotient C4/ty of Equation (D.3) represents“the average current i(avg) when dischafging

the battery through discharge resistor Ry fora'given cut-off voltage U, = constant. This relation
may pe written as:

Cq = i(avg) x ty D.4)

For R4 = Rg (standard discharge resistor) Equation (D.3) changes to the Equation (D.1){ and
consgquently Equation (B.4) changes to:

C =i(avg) x tg D.5)

The flietermination of i(avg) and tg is accomplished according to the method described in PD.2.3
and ijlustrated by Figure D.2.

D.2.2— Determmmationm of the stanmdard aischarge Tesistor Ry

The determination of Uy is best achieved by that discharge resistor R that yields 100 % capacity

realization. The time to perform this discharge may be of long duration. To reduce this time, a
good approximation for Ug is achieved by Equation (D.6).

Cs(Rs) = 0,98 C,, (D.6)

This means that 98 % capacity realization is considered to be of sufficient accuracy for the
determination of the standard discharge voltage Ug. This is achieved when discharging the

battery through the standard discharge resistor Rg. Its factor 0,98 or above is not decisive,
because Ug remains practically constant for Rg < Ry. Under this condition, the exact realization
of a 98 % capacity realization is not crucial.
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D.2.3 Determination of the standard discharge capacity C; and standard discharge
time tg

For illustration refer to Figure D.2, which represents a schematic discharge curve of a battery.

Figure D.2 addresses areas Al below and A2 above the discharge curve. Under

Al = A2 (D.7)

the average discharge current i(avg) is obtained. The condition described by Equation (D.7)
does|not necessarily address the mid-point of discharge, as indicated in Figure D.2. The[time
of digcharge ty4 is determined from the cross-over point for U(R,t) = U.. The discharge.cagacity

is obtained from Equation (D.8).

Cq = i(avg) x tg4 D.8)

The $tandard capacity Cq is obtained for Ry = Rg, changing Equation (B.8) to Equation (DJ9)

Cs = i(avg) x tg D.9)

a method which permits the experimental determination-of\the standard discharge capacity Cq
and the standard discharge time t; needed for determination of the standard discharge votage
U, (see Equation (D.1)).

Discharge mode : R = constant
Cutt-off voltage : U, = constant
A1
4 I
Average voltage, average current
—~ A2 —
2 U(R, 1) / §
[0] =
()] =3
8 T — o
] S
> o
— .‘C“
U, = constant U(R, 1) o
-
(A1 =A2) t t

Figure D.2 — Standard discharge voltage (schematic)
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D.3 Experimental conditions to be observed and test results

For the experimental determination of the C/R-plot, 10 individual discharge results are
recommended, each one being the average of eight batteries; these data are to be evenly
distributed over the expected range of the C/R-plot. It is recommended to take the first discharge
value at approximately 0,5 Cpas indicated in Figure D.1. The last experimental value should be
taken at approximately Ry = 2 x Rg. The data gathered may then be graphically presented in the
form of a C/R-plot according to Figure D.1. From this plot the Ry-value is to be determined
leading to approximately 98 % Cp. The standard discharge voltage Ug yielding a 98 % capacity
realization should deviate by less than -50 mV from that value yielding a 100 % capacity
realifation. Differences within this mv range will only be caused by the charge-transier regction
causged by the system under investigation.

When determining C4 and tg according to D.2.3, the following cut-off voltages are fo be
emplpyed in accordance with IEC 60086-2:

Voltage range 1: U. =0,9 V Voltage range 2: Up=-2,0 V

The experimentally determined standard discharge voltages Ugshown in Table D.1 are| only
giver] to permit the interested expert to check its reproducibility.

Table D.1 — Standard discharge voltage by system

Syptem No letter c E F L s w Y 7
Idtter

u, v 1,30 2,90 3,50 1,48 1,30 1,55 2,8 3,5 1/56

The getermination of Ug for systems A,\B;'G and P is under consideration. System P is a sgecial
case| because its Ug value depends{on the type of catalyst for oxygen reduction. Since system
P is an open system to air, the gnvironmental humidity as well as the pick-up of CO, aftgr the
activation of the system, is of-additional influence. For system P, Ug values of up to 1,37 Vf may
be observed.
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Annex E
(informative)

Preparation of standard methods of measuring
performance (SMMP) of consumer goods

2021

NOTE This annex has been derived from ISO/IEC Guide 36:1982, Preparation of standard methods of measuring
performance (SMMP) of consumer goods (withdrawn 1998).

E.1

Infor]nation useful to consumers on the performance of consumer goods needs to be:base
reprdducible standard methods of measuring performance (i.e. test methods that lead to re
havirlg a clear relationship to the performance of a product in practical use and-that are

used| as a basis for information to consumers about the performance chardacteristics o
proddict).

As far as possible, specified tests should take into account limitations indtest equipment, m
and fime.

E.2 | Performance characteristics

The Irst step in the preparation of a SMMP is to establish as complete a list as possible ¢
characteristics that are relevant in the sense discussed,in Clause E.1.

NOTE| Once such a list has been drawn up, consideration‘can be given to selecting those attributes of a p
that afe most important to consumers making purchase decisions.

E.3

A test method should be given for each of the performance characteristics listed. The follg
points should be taken into consideration:

a)

b) it|is essential that the test methods are objective and give meaningful and reprodd

c)

d)

General

Criteria for the development ef‘test methods

the test methods should be defined in such a way that the test results correspond as cl

bd on
sults
o be
f the

oney

f the

roduct

wing

bsely

possible to the performance results as experienced by consumers when using the

product in practice;

results;

details of-thie test methods should be defined with a view to optimum usefulness t
cpnsumeér;-taking into account the ratio between the value of the product and the expd
involVed*in performing the tests;

cible

b the
nses

heré use has to be made of accelerated test procedures, or of methods that have only an

indirect relationship to the practical use of the product, the technical committee should
provide the necessary guidance for correct interpretation of test results in relation to normal

use of the product.
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F.1

Annex F
(informative)

Guidance for proposing value of minimum average duration

General

The minimum average duration (MAD) value set for each discharge mode of each designation
in the IEC 60086 series is a minimum level that should be satisfied to ensure the quality of the

prima

Ther
discd

v hattary
Hf—PatteHy~

ss the proposed MAD value based on the value calculated by the following precedure

determine the MAD value with validation.

The

MAD value should be determined by considering the actual situation of market utiliz

and the performance difference due to differences in manufactures, etc)

F.2

e P

e T

e T

F.3

e (
p

o |f

Sampling

repare battery samples of same model, same brand, ahd‘same grade.
he discharge test should be started within 60 daysdmaximum after manufacture.

he sample size should be at least six lots, and €ight pieces per lot.

Calculation method

alculate the average duration value x.0f all samples in which lot unit are regarded aj
bpulation.

some values are not within 3 g of the average duration value ¥ in each population

all samples again after eliminating these values from the population.

epeat until all values ofithe samples in each population are within 3 o of the average
in the population.

alculate the totallayerage x and the standard deviation o, of the average values x of
bpulation.

alculate both™A and B.

efore, when setting the new MAD value for the IEC 60086 series, IEC expéerts”should

, and

ation

b one

add

ew and same number of the samples excluded and calculate the average duration value x

alue

each
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Annex G
(normative)

Code of practice for packaging, shipment, storage,
use and disposal of primary batteries

General

2021

The greatest satisfaction to the user of primary batteries results from a combination of good
practliu:a u'willg manufacture, distributiomanduse:

The purpose of this code is to describe these good practices in general terms. It takes-the

of ad

G.2

The
stack
unint

G.3

Shog
truck
Prots

G.4

The 3

For n
+30

vice to battery manufacturers, distributors and users.

Packaging

packaging shall be adequate to avoid mechanical damage during transport, handling
ing. The materials and pack design shall be chosen so as to(prevent the developmg
pntional electrical conduction, corrosion of the terminals andjingress of moisture.

Transport and handling

k and vibration shall be kept to a minimum. For{instance, boxes should not be throw
5, slammed into position or piled so highwas to overload battery containers b
ction from inclement weather should be provided.

Storage and stock rotation
torage area should be clean,xcool, dry, ventilated and weatherproof.

ormal storage, the temperature should be between +10 °C and +25 °C and never eX

be a

C. Extremes of humidity{over 95 % RH and below 40 % RH) for sustained periods s

thergfore not be stored next to radiators or boilers, nor in direct sunlight.

Althgugh the sterage life of batteries at room temperature is good, storage is improved at

temperatures(é.g. in cold rooms —-10 °C to +10 °C or in deep-freeze conditions below —1(
provided special precautions are taken. The batteries shall be enclosed in special protg
packfaging (such as sealed plastic bags or variants) which should be retained to protect
from|econdensation during the time they are warming to ambient temperature. Accele

form

and
nt of

n off
Elow.

ceed
nould

oided since they.are detrimental to both batteries and packaging. Batteries should

ower

oc),
ctive
them

rated

warnmmng 1S detrmentat:

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

Batteries may be stored, fitted in equipment or packages if determined suitable by the battery
manufacturer.

The height to which batteries may be stacked is clearly dependent on the strength of the pack.
As a general guide, this height should not exceed 1,5 m for cardboard packs or 3 m for wooden
cases.
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The above recommendations are equally valid for storage conditions during prolonged transit.
Thus, batteries shall be stowed away from ship engines and not left for long periods in
unventilated metal box cars (containers) during summer.

Batteries shall be dispatched promptly after manufacture and in rotation to distribution centres
and on to the users. In order that stock rotation (first in, first out) can be practised, storage
areas and displays shall be properly designed and packs adequately marked.

G.5 Displays at sales points

When batteries are unpacked, care should be taken to avoid physical damage and electrical
contact. For example, they should not be jumbled together.

Battgries intended for sale should not be displayed for long periods in windows“exposed to
direct sunlight.

The battery manufacturer should provide sufficient information to enablé-the retailer to gelect
the dorrect battery for the user's application. This is especially impartant when supplying the
first batteries for newly purchased equipment.

Test|meters do not provide reliable comparison of the service to be expected from jgood
batteries of different grades and manufacture. They do, however, detect serious failures.

G.6 | Selection, use and disposal

G.6.] Purchase

The ¢orrect size and grade of battery most Suitable for the intended use should be purchased.
Many manufacturers supply more than one grade of battery in any given size. Informatign on
the drade most suited to the application should be available at the sales point and on the
equipment.

In th¢ event that the required.size and grade of battery of a particular brand is not available,
the IEC designation for electrochemical system and size enables an alternative to be selected.
This fesignation should he marked on the battery label. The battery should also clearly indicate
the vpltage, name or trade mark of the manufacturer or supplier, the date of manufacture, which
may pe in code, or the-expiration of a guarantee period, in clear, as well as the polarity (+]. For
somge batteries, part.of this information may be on the packaging (see 4.1.6.2).

G.6.7 Installation

Before nserting batteries into the battery compartment of the equipment, the contacts of| both
equipment and batteries should be checked for cleanliness and correct positioning. If necegsary,
clean with a damp cloth and dry before inserting.

It is of extreme importance that batteries are inserted correctly with regard to polarity (+ and -).
Follow equipment instructions carefully and use the recommended batteries. Failure to follow
the instructions, which should be available with the equipment, can result in malfunction and
damage of the equipment and/or batteries.

G.6.3 Use

It is not good practice to use or leave equipment exposed to extreme conditions, for example
radiators, or cars parked in the sun, etc.

It is advantageous to remove batteries immediately from equipment which has ceased to
function satisfactorily, or when not in use for a long period (e.g. cameras, photoflash, etc.).
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Be sure to switch off the equipment after use.
Store batteries in a cool, dry place and out of direct sunlight.

G.6.4 Replacement

Replace all batteries of a set at the same time. Newly purchased batteries should not be mixed
with partially exhausted ones. Batteries of different electrochemical systems, grades or brands
should not be mixed. Failure to observe these precautions may result in some batteries in a set
being driven beyond their normal exhaustion point and thus increase the probability of leakage.

G.6.9 Disposal

Primary batteries may be disposed of via the communal refuse arrangements, providgd no
contrary local legal requirements exist. Refer to IEC 60086-4 and IEC 60086-5 forfurther details.
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Annex H
(informative)

Compliance checklist

Subclause(s) Item
4.12&5.7 Dimensions
4.1.3 Terminals
4.1.3.2 Contact pressure resistance
4.1.3.9 Snap tasteners
4.1.3.10 Wire
4.1.3.11 Other spring contacts of clips
4.1.6 Marking
4.2.2 Dimensional stability
4.2.3 Leakage
4.2.4 Open-circuit voltage limits
4.2.5 Service output
5.3 Conformance check to a specified minimum averagé dutration
5.8 Leakage and deformation
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1)

2)

3)

4)

5)

6)
7

COMMISSION ELECTROTECHNIQUE INTERNATIONALE

PILES ELECTRIQUES —
Partie 1: Généralités

AVANT-PROPOS

LaJCommission Electrotechnique Internationale (IEC) est une organisation mondiale de normalisation com
de| I'ensemble des comités électrotechniques nationaux (Comités nationaux de I'lEC). L'IEC a pour ob
fayoriser la coopération internationale pour toutes les questions de normalisation dans les ‘domain|
I'électricité et de I'électronique. A cet effet, 'lEC — entre autres activités — publie des Normeshinternatio
dep Spécifications techniques, des Rapports techniques, des Spécifications accessibles au public (PAS)
Gyides (ci-aprés dénommés "Publication(s) de I'lEC"). Leur élaboration est confiée a des eomités d'étude]
trgvaux desquels tout Comité national intéressé par le sujet traité peut participer./Les organis|
internationales, gouvernementales et non gouvernementales, en liaison avec I'lEC, participent égaleme
trgvaux. L'IEC collabore étroitement avec I'Organisation Internationale de Normdlisation (ISO), selo
copditions fixées par accord entre les deux organisations.

Lek décisions ou accords officiels de I'lEC concernant les questions techniques.représentent, dans la mes
pogksible, un accord international sur les sujets étudiés, étant donné que les €omités nationaux de I'lEC inté
sopt représentés dans chaque comité d’études.

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

D4ns le but d'encourager l'uniformité internationale, les Comités nationaux de I'lEC s'engagent, dans td
mesure 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 derniéeres.

L'IEC elle-méme ne fournit aucune attestation de.’conformité. Des organismes de certification indéper
foyrnissent des services d'évaluation de conformité et, dans certains secteurs, accédent aux marqu
copformité de I'lEC. L’'IEC n'est responsable djaucun des services effectués par les organismes de certifi
ingépendants.

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

Audcune 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) et les dép
déroulant de la publication-ou de I'utilisation de cette Publication de I'lEC ou de toute autre Publication de
oujau crédit qui lui est'accordé.
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Cette treizieme édition annule et remplace la douzieme édition parue en 2015. Cette édition
constitue une révision technique.

La présente édition inclut les modifications techniques majeures suivantes par rapport a
I’édition précédente:

a)
b)
c)

d)

une liste de contréle de conformité a été ajoutée comme Annexe H;

les définitions ont été harmonisées avec les autres documents de la série IEC 60086;
la tension nominale du systéme zinc-air est désormais indiguée comme étant de 1,4 V ou
1,45V,

I’Annexe F de calcul des valeurs de la MAD a été simplifiée;
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e) une période de validité pour les essais a été ajoutée;

f) I'essai de vieillissement accéléré a 45 °C est passé de 13 semaines a 4 semaines;

Le texte de cette Norme internationale est issu des documents suivants:

FDIS Rapport de vote

35/1465/FDIS 35/1469/RVD

Le rapport de vote indiqué dans le tableau ci-dessus donne toute information sur le vote ayant
abouti a I'approbation de cette Norme internationale.
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rsion francaise de la norme n'a pas été soumise au vote.
hgue employée pour I'élaboration de cette Norme internationale est I'angldis,

bcument a été rédigé selon les Directives ISO/IEC, Partie 2, il a été développé selo
tives ISO/IEC, Partie 1 et les Directives ISO/IEC, Supplément~lEC, disponibles
iec.ch/members_experts/refdocs. Les principaux types de dotuments développés
sont décrits plus en détail sous www.iec.ch/standardsdev/publications.

liste de toutes les parties de la série IEC 60086, publiees sous le titre général
riques, peut étre consultée sur le site web de I'lEC.

mité a décidé que le contenu de ce document ne-sera pas modifié avant la date de stg

1Iée sur le site web de I'lEC sous "http://webstore.iec.ch” dans les données relativd
ment recherché. A cette date, le documentsera
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ipprimé,
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INTRODUCTION

Le contenu technique de la présente partie de I'lEC 60086 fournit les exigences et des
informations fondamentales sur les piles électriques. Toutes les piles relevant de la série
IEC 60086 sont considérées comme étant des piles seches. Dans ce contexte, I'|EC 60086-1
constitue la partie principale de la série IEC 60086 et sert de base aux autres parties. La
présente partie inclut, par exemple, les informations élémentaires sur les définitions, la
nomenclature, les dimensions et le marquage. S'il intéegre des exigences spécifiques, le
contenu de la présente partie tend surtout a expliquer la méthodologie (comment) et la
justification (pourquoi).

Au fi| des années, la présente partie a été modifiée pour en améliorer le contenu et.ellg fait
I'objgt d’un suivi permanent pour s’assurer que la publication est maintenue a jour~aveg les
avanftées, a la fois dans le domaine des piles électriques et des technologies, des<dispgsitifs
qui lgs utilisent.

Les exigences de sécurité et des recommandations sont données dans MNEC 60086-4, [dans
I'lEC|60086-5 et dans I'lEC 62281. Les spécifications sont données dans/F/EC 60086-2 et|dans
I'lEC|60086-3. Les aspects environnementaux sont traités dans I'lEC60086-6.
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PILES ELECTRIQUES -

Partie 1: Généralités

1 Domaine d’application

2021

La présente partie de I'lEC 60086 est destinée a normaliser les piles électriques en ce qui

concerne les dimensions, la nomenclature, les configurations des bornes, les marquage
méthpdes d’essai, les caractéristiques types de fonctionnement, la sécurité et les as
envirpnnementaux.
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I'édit
référ

IEC ¢

IEC ¢

ésent document spécifie d’'une part les exigences pour les piles électrigues.” D’autre

ves a ces piles.

[cuit ouvert des systémes électrochimiques.

bctif de la présente partie de I'lEC 60086 est d’assurer aux utilisateurs, aux concep
ispositifs et aux fabricants de piles que les\‘piles de différents fabricants

rmité a ce qui précede, la présente partie spécifie des méthodes d’essai normalisées
les électriques.

maintien de piles dans la série IEC>60086.

Références normatives

ur contenu, des exigences du présent document. Pour les références datées,
on citée s’appliquex'Pour les références non datées, la derniere édition du docume
bnce s'applique (y'compris les éventuels amendements).

0086-2:2015, Piles électriques — Partie 2: Spécifications physiques et électriques

008643, Piles électriques — Partie 3: Piles pour montres

5, les
bects

part,

esent document spécifie également des procédures de normalisation” des exiggnces

nt qu’outil de classification des piles électriques, le présent document spécifie les lgttres
ystémes, les électrodes, les électrolytes et les tensions nominales, ainsi que maximales

teurs
sont

hangeables par leur forme, leur montage et_letr fonction. De plus, pour assurer la

pour

E©sent document contient également des“exigences a I’Annexe A qui justifient I'introduction

ocuments suivants sont-cités dans le texte de sorte qu’ils constituent, pour tout ou partie

seule
nt de

IEC 60086-4, Piles électriques — Partie 4; Sécurité des piles au lithium

IEC 60086-5, Piles électriques — Partie 5: Sécurité des piles a électrolyte aqueux

3 Termes et définitions

Pour

les besoins du présent document, les termes et définitions suivants s’appliquent.

L'ISO et I'lEC tiennent a jour des bases de données terminologiques destinées a étre utilisées
en normalisation, consultables aux adresses suivantes :

e |EC Electropedia : disponible a I'adresse http://www.electropedia.org/

e |SO Online browsing platform : disponible a I'adresse http://www.iso.org/obp
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3.1
essai d’application
simulation de I'utilisation réelle d’'une pile dans une application spécifique

3.2
pile
un ou plusieurs éléments raccordés électriguement et placés dans un boftier, équipés des
dispositifs nécessaires pour I’emploi, par exemple bornes, marquage et dispositifs de protection

[SOURCE: IEC 60050-482:2004, 482-01-04, modifiée.]

3.3
(élément ou pile) bouton
petit |elément ou petite pile de forme ronde dont la hauteur totale est inférieure ,au-diameétre,
contg¢nant un électrolyte aqueux

Note 1 a I'article: Voir (élément ou pile) bouton, (élément ou pile) bouton lithium.

[SOYRCE: IEC 60050-482:2004 482-02-40]

3.4
élémient
unité| fonctionnelle de base, consistant en un assemblage."d’électrodes, d’'électrolyte, de
contgneur, de bornes et généralement de séparateurs, gui(ést une source d’énergie électrique
obtenue par transformation directe d’énergie chimique

[SOYRCE: IEC 60050-482:2004, 482-01-01]

3.5
tensijon de décharge
Ccv
tensipn électrique aux bornes d'une pile' pendant la décharge

Note 1 a l'article: L’abréviation "CC\/"_est dérivée du terme anglais développé correspondant "closed-circuit
voltage".

[SOURCE: IEC 60050-482:2004, 482-03-28, modifiée — "tension électrique entre les bgrnes
d’'un glément ou d’'une-batterie" remplacé par "tension électrique aux bornes d’une pile".]

3.6
(élément ou pile)-bouton lithium
petit |elément ou petite pile de forme ronde dont la hauteur totale est inférieure au diameétre,
contgnant-tin*électrolyte non aqueux

Note 1 a¥article: Typiguement, |la tension nominale des piles au lithium est supérieure 3 2 V.

Note 2 a I'article: Voir (élément ou pile) bouton.

3.7
(élément ou pile) cylindrique
élément ou pile de forme ronde dont la hauteur totale est supérieure ou égale au diametre

[SOURCE: IEC 60050-482:2004, 482-02-39, modifiée — "élément de forme cylindrique"
remplacée par "élément ou pile de forme ronde"]

3.8
décharge (d’une pile électrique)
opération par laquelle une pile fournit du courant a un circuit extérieur
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3.9
pile (électrique) seche
pile électrique dans laquelle I'électrolyte liquide est essentiellement immobilisé

[SOURCE: IEC 60050-482:2004, 482-04-14, modifiée — remplacement de "dont I'électrolyte
est immobilisé".]

3.10

tension d’arrét

EV

tension spécifiée pour laquelle la décharge de la pile est terminée

Note 1 a l'article: L’abréviation "EV" est dérivée du terme anglais développé correspondant "end-point voltage".
[SOYRCE: IEC 60050-482:2004, 482-03-30]

3.11
fuite
pertg imprévue d’électrolyte, de gaz ou d'autres substances provenant-d/un élément ou djune
pile

Note 1 a l'article: Il convient de ne pas confondre les fuites dans ce contexte‘avec les criteres d’évaluation des
essaiq de fuite spécifiés a I'Article 4 et a I'Article 5 du présent document,

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

3.12
durép moyenne minimale
MAD
tempps de décharge moyen minimal obtenu apartir d’'un échantillon de piles

Note 1 a l'article: L’essai de décharge est réalis€’conformément aux méthodes ou normes spécifiées et il esf
conculafin de démontrer la conformité a la nofme applicable aux types de piles.

Note 3 a l'article: L’abréviation "MAD"gst dérivée du terme anglais développé correspondant "minimum avefage
duratipn”.

3.13
tensjfon nominale (d'une pile électrique)
Un
valeyr 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, modifiée — ajout de "(d’'une pile électrique)" ¢t du
symbole UJ.]

3.14

tension en circuit ouvert

ocv

tension électrique aux bornes d’un élément ou d’une pile lorsque le courant de décharge est
nul

Note 1 a l'article: L'abréviation "OCV" est dérivée du terme anglais développé correspondant "open-circuit
voltage".

3.15
(élément ou pile) électrique
élément ou pile qui n'est pas congu pour étre rechargé électriquement
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3.16

(élément ou pile) rond

élém

3.17

ent ou pile de section circulaire

capacité (d’une pile électrique)
durée utile ou capacité ou puissance d'une pile dans des conditions de décharge définies

3.18

essai de capacité

essa

Note 1 a I'article: Un essai de capacité peut étre prescrit, par exemple, lorsque

a)
b)

3.19
duré

durée, dans des conditions spécifiées, a la fin de laquelle une pile a~conservé son aptit

fourn
[SOU

3.20
born
partit

4 B

4.1
4.1.1

Les
derni
du pg
arég
utilis

Lors
prise
perfo

normlale, ainsi que dans les conditions de mauvais usage prévisible, doivent étre assurés

concu pour mesurer la capacité d’'une pile

un essai d’application est trop complexe a reproduire;

la durée d’un essai d’application le rend infaisable en pratique a des fins d’essais individuels de série.

e de stockage
ir une capacité spécifiée
RCE: IEC 60050-482:2004, 482-03-47, modifiée — "fonctien” remplacée par "capacit

es (d'une pile électrique)
bs conductrices d'une pile destinées au raccordement a un circuit externe

Exigences
Généralités
Conception

iles électriques sont principalement vendues sur les marchés grand public. Au cour

int de vue de leur canstruction, par exemple leur capacité et leur aptitude a des décha
ime élevé ont augmenté pour satisfaire aux besoins croissants des nouvelles technol
hnt I'alimentation\par pile.

de la conecéption des piles électriques, les considérations indiquées ci-dessus doiven
5 en compte. En particulier, leur conformité dimensionnelle et leur stabilité,
rmapces physiques et électriques et leur fonctionnement en toute sécurité en utilis

de a

5 des

eres années, elles sont devenues plus sophistiquées a la fois du point de vue chimigue et

rges
hgies

[ étre
leurs
ation

Des informations supplémentaires sur la conception des appareils peuvent étre trouvées dans

I’Ann

4.1.2

Les
'EC

exe B.
Dimensions des piles
dimensions des types individuels de piles sont données dans [I'lEC 60086-

60086-3.

2 et
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4.1.3 Bornes
4.1.3.1 Généralités

Les bornes doivent étre conformes a I'Article 6 de I'lEC 60086-2:2015.

Leur forme physique doit étre concue de maniére a assurer que les piles offrent et maintiennent
un bon contact électrique a tout moment.

Elles doivent étre réalisées dans des matériaux qui offrent une bonne conductivité électrique
et une résistance a la corrosion.

4.1.3(2 Résistance des contacts a la pression

Lorsque cela est indiqué dans les tableaux ou les feuilles de spécificationdes pilgs de
I'lEC|60086-2, ce qui suit s’applique:

— upe force de 10 N appliquée par I'intermédiaire d’une bille d’acier de_ 1 mm de diamétfe au
centre de chaque surface de contact pendant une durée de 10 s neldoit pas entraingr de
dgformation apparente qui pourrait empécher un fonctionnement.Satisfaisant de la pilg.

NOTE| Voir aussi IEC 60086-3 pour les exceptions.
4.1.3/3 Capot et fond

Ce type de borne est utilisé pour les piles dont les dimensions sont celles spécifiée§ aux
Figues 1 & 7 de I'lEC 60086-2:2015 et dont la paroi cylindrique de la pile est isolée des bofnes.

4.1.3/4 Capot et boftier

Ce type de borne est utilisé pour les piles(dont les dimensions sont celles spécifiéeq aux
Figunes 8, 9, 10, 14, 15 et 16 de I'lEC 60086-2:2015, mais dont la paroi cylindrique de la pile
fait pjartie de la borne positive.

4.1.35 Bornes a vis

Ce copntact se compose d’'une tige filetée combinée a un écrou métallique ou métallique igolé.

4.1.3/6 Contacts plats

Il s’agit de surfaces meétalliques pratiquement plates assurant une liaison électrique convenable
avec|les contacts:qui s’appuient sur elles.

4.1.317 Lames plates élastiques, ressorts spiralés

Ces fontacts englobent les lames plates métalliques ou les fils enroulés en spirale qui| sont
dispOSES UE Marmere a asSurer umm comntact par pressior.

4.1.3.8 Broches et alvéoles

Elles sont réalisées comme un assemblage convenable de contacts métalliques montés dans
un support isolant ou un dispositif de maintien et elles sont adaptées pour recevoir les broches
correspondantes du bouton.

4.1.3.9 Boutons pression
4.1.3.9.1 Généralités

Ces contacts sont constitués d’'un bouton (non élastique) pour la borne positive et d'une douille
(élastique) pour la borne négative.
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Elles doivent étre réalisées dans un métal convenable offrant une liaison électrique efficace
lorsqu’elles sont assemblées aux parties correspondantes d’un circuit externe.

4.1.3

.9.2 Bouton pression

Ce type de borne est constitué d'un bouton pour la borne positive et d'une douille pour la borne
négative. Ces bornes doivent étre réalisées dans un métal plaqué de nickel ou dans un matériau
approprié. Elles doivent étre congues pour assurer une liaison électrique et physique sdire,
lorsqu’elles sont équipées de parties correspondantes similaires pour le raccordement a un
circuit électrique.

4.1.3

Les f
doit 4

4.1.3

Ces
circu
maté

4.1.4

Les

Ale
les a

Le Tableau 1 donne les systemes électrochimiques qui ont été normalisés jusqu’a ce joul|.

10 Fil

Is peuvent étre souples en cuivre étamé isolé a un ou plusieurs brins. La gaine du-fil p
tre rouge et celle du fil négatif, noire.

11 Autres contacts ou pinces aressort

t extérieur ne sont pas connues avec précision. lls doivent étre-enlaiton ou dans un
Fiau ayant des propriétés équivalentes.

Classification (systéme électrochimique)

iles électriques sont classées en fonction de leur systeéme électrochimique.

ception du systéme zinc-chlorure d’ammonium €t chlorure de zinc-bioxyde de manga
Litres systémes sont désignés par une lettre:

ositif

contacts sont généralement utilisés avec les piles lorsque les parties’ correspondant¢s du

autre

nese,
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Tableau 1 — Systémes électrochimiques normalisés

IEC 60086-1:2021 © IEC 2021

Tension
Electrode . Tension maximale en
Lettre négative Electrolyte Electrode positive nominale circuit
ouvert
\Y \Y
Pas Zinc (Zn) Chlorure d'ammonium, | Dioxyde de manganése (MnO,) 1,5 1,73
de chlorure de zinc
lettre
A Zinc (Zn) Chlorure d'ammonium, | Oxygéne (O,) 1,4 1,55
chlorure de zine
B Lithium (Li) | Electrolyte organique Monofluorure de carbone (CF), 3,0 37
C Lithium (Li) | Electrolyte organique Dioxyde de manganése (MnO,) 3,0 3,7
E Lithium (Li) | Non aqueux minéral Chlorure de thionyle (SOCI,) 3,6 3,9
F Lithium (Li) | Electrolyte organique Disulfure de fer (FeS,) 15 1,83
G Lithium (Li) | Electrolyte organique Oxyde de cuivre (II) (CuO) 1,5 2,3
Zinc (Zn) Hydroxyde de métal Dioxyde de manganése (MnO,) 1,5 1,68
alcalin
P Zinc (Zn) Hydroxyde de métal Oxygene (O,) 1,4 0u 1,45 1,59
alcalin
S zZinc (Zn) Hydroxyde de métal Oxyde d’argent (Ag,O) 1,55 1,63
alcalin
W Lithium (Li) | Electrolyte organique Dioxyde de soufre (SO,) 3,0 3,05
Y Lithium (Li) | Non aqueux minéral Chloruretdeysulfuryle (SO,CI,) 3,9 4,1
z Zinc (Zn) Hydroxyde de métal Oxyhydroxyde de nickel (NiOOH) 1,5 1,78
alcalin
NOTE 1 La valeur de la tension nominale n’est’pas vérifiable; c’est la raison pour laquelle, elle n’est donnde
qu’aftitre de référence.
NOTE 2 La tension maximale en circuijt ouvert (3.14) est mesurée comme cela est définien 5.5 et en 6.8.1
NOTE 3 Lorsqu’on fait référence"arun systeme électrochimique, le protocole commun consiste a indiquer
I’élegtrode négative d’abord, puis*électrode positive, c’est-a-dire lithium-disulfure de fer.
NOTE 4 Les références aux-systemes électrochimiques de ce tableau apparaissent généralement sous ung
forme simplifiée comme-"hatteries du systeme B et C" ou "batteries du systéme sans lettre".

4.1.5

Déslignation

La désignation des piles électriques est fondée sur leurs parametres physiques, leur systéme
électfochimigue, ainsi que sur des caractéres particuliers, si nécessaire.

L’Annexe C donne une explication compléte du systéme de désignation (nomenclature).

4.1.6

4.1.6.1

Marquage

Généralités

Pour un apercu des exigences relatives au marquage, voir Tableau 2. A I'exception des piles
trop petites pour étre marquées avec tous les marquages (voir 4.1.6.2), chaque pile doit étre
marquée avec les informations suivantes:

a) désignation, IEC ou commune;

b) expiration de la période d'utilisation recommandée ou année et mois ou semaine de
fabrication. L’année et le mois ou la semaine de fabrication peuvent étre codés;
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c)
d)
e)
f)

la polarité de la borne positive (+);

la tension nominale;

le nom ou la marque commerciale du fabricant ou du fournisseur;
les conseils de prudence.

NOTE Des exemples de désignations communes peuvent étre trouvés dans I’Annexe D de I'lEC 60086-2:2015.

4.1.6.2 Marquage des petites piles

a) Certaines piles, principalement de catégorie 3 et de catégorie 4, ont une surface trop petite
pour comporter tous les marquages indiqués en 4.1.6.1. Pour ces piles, la désignation de

4 1.6.1a) et la polarite de 4.1.0.1c) doivent etre marquees sur la pile. Tous lesa

utres

arquages indiqués en 4.1.6.1 peuvent étre donnés sur le premier emballage auliqu de
I'Btre sur la pile.

b) Plour les piles du systéme "P", les informations de 4.1.6.1a) peuvent étre indiquées gur la
plle, sur le systéme d’obturation ou sur I'’emballage. Les informations de 4.1.6.1c) pelivent
étre marquées sur le systéme d’obturation et/ou sur la pile. Les informatiohs de 4.1.6.1b),
de 4.1.6.1d) et de 4.1.6.1e) peuvent étre indiquées sur le premier emballage au lieu de ['étre
spir la pile. La tension nominale peut étre marquée soit 1,4 V, soit 145 V.

c) Un avertissement doit étre donné concernant le danger d’'ingestion des piles qui pelivent
éfre avalées. Voir les versions actuelles valides de I'lEC 600864 et de I'lEC 60086-5|pour
plus de détails.

Tableau 2 — Exigences relatives al) marquage
Piles trop petites poulr
Piles al’exception des comporter tous les
Marquage piles trep petites pour marquages
comporter tous les -
marquages Piles dJ
systéeme P

a) |Désignation, IEC ou commune A A C
b) |Expiration de la période d’utilisation

recommandée ou année et mois ou

semaine de fabrication. L’'année et leumois A B B

ou la semaine de fabrication peuvent étre

codés
c) |Polarité de la borne positive (+) A A D
d) |Tension nominale A B
e) |Nom ou marque commerciale du fabricant

. A B B

ou du fournisseur
f) Conseils dé\prudence A B2 B2
Légeinde
A: dgivent.&fre marquées sur la pile
B: pquvent étre marquées sur le premier emballage au lieu de I'étre sur la pile

C:
D:

peuvent étre marquées sur la pile, sur le systéeme d’obturation ou sur le premier emballage
peuvent étre marquées sur le systeme d’obturation et/ou sur la pile

a

Un avertissement doit étre donné concernant le danger d’ingestion des piles qui peuvent étre avalées. Voir

IEC 60086-4 et IEC 60086-5 pour plus de détails.

4.1.6.3 Marquage des piles concernant la mise au rebut

Le marquage concernant la mise au rebut des piles doit étre conforme aux exigences légales
locales.
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4.1.7 Interchangeabilité: tension de la pile

Les piles électriques telles qu’elles sont normalisées a I’heure actuelle dans la série IEC 60086
peuvent étre classées en catégories en fonction de leur tension de décharge normalisée, Ug.

Pour un nouveau systeme de piles, son interchangeabilité est évaluée par la tension avec la
Formule (1) suivante:

nx0,85 U, <m<Ug <nx1,15 U, (1)

n  ¢stle nombre d’éléements connectés en seérie sur la base de la tension de réfgrence, U,;

m est le nombre d’éléments connectés en série sur la base de la tension de‘décharge
mormalisée, Ug;

g¢st la tension de référence;

U ¢st la tension de décharge normalisée.

Actuellement, deux plages de tension conformes a la formule ci~deSsus ont été identifiées. [Elles
sont fdentifiees par la tension de référence, U,, qui est le point central de la plage de tepsion

concernée.

Plag¢ de tension 1, U, = 1,40 V: piles ayant une tension de décharge normalisée, m x Ug, ¢gale
aoudanslaplagedenx1,19Vanx1,61V.

Plage de tension 2, U, = 3,20 V: piles ayant'une tension de décharge normalisée, m x Ug, ¢gale
aouldans la plageden x 2,72V an x 3,68 V.

Le terme de tension de décharge narmalisée, les grandeurs connexes, ainsi que les méthjodes
de leur détermination, sont donnés a I’Annexe D.

NOTE| Pour les piles a élément uhique et pour les piles a plusieurs éléments de méme plage de tension, m gt n
sont igentiques; m et n sont différents pour les piles a plusieurs éléments qui ne sont pas de la méme plage d
tensiop qu’'une pile déja normalisée.

1]

La plpge de tensign‘l’englobe toutes les piles normalisées a I’heure actuelle ayant une tension
nomipale de 1,5%c’est-a-dire systeme sans lettre, systéemes A, F, G, L, P, S et Z.

La plpge de-tension 2 englobe toutes les piles normalisées a I’heure actuelle ayant une tepsion
nomipale.de 3 V, c’est-a-dire les systemes B, C, E, W et Y.

Etant donné que les piles de la plage de tension 1 et celles de la plage de tension 2 présentent
des tensions de décharge trés différentes, elles doivent étre concues pour ne pas étre
physiquement interchangeables. Avant de normaliser un nouveau systéme électrochimique, sa
tension de décharge normalisée doit étre déterminée conformément a la procédure donnée a
I’Annexe D pour trouver une solution a son interchangeabilité par la tension.

AVERTISSEMENT Le non-respect de cette exigence peut présenter des dangers pour I'utilisateur, tels
gu’incendie, explosion, fuite et/ou endommagements de dispositif. Cette exigence est nécessaire pour des raisons
de sécurité et de fonctionnement.

4.2 Fonctionnement
4.2.1 Performance de décharge

Les performances de décharge des piles électriques sont spécifiées dans I'lEC 60086-2.
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4.2.2

Stabilité dimensionnelle

Les dimensions des piles doivent étre conformes aux dimensions spécifiées correspondantes
données dans I'lEC 60086-2 et dans I'lEC 60086-3 a tout moment au cours des essais de
décharge dans les conditions normalisées.

Une augmentation de la hauteur de la pile de 0,25 mm peut se produire avec les éléments
boutons et boutons lithium des systémes G, L, P et S, dans le cas d’'une décharge inférieure a
la tension d’arrét.

A titre d’information pour les fabricants de compartiments des piles, pour certains éléments

duire

dans

aux

S les
dans

boutans lithium des systemes C et B, une diminution de la hauteur de la pile peut se pro
dans|le cas d’'une décharge inférieure a la tension d’arrét.

4.2.3 Fuites

Lorsque les piles sont conservées et déchargées dans les conditions normalisées données
dans|le présent document, aucune fuite ne doit intervenir.

4.2.4 Limites de tension en circuit ouvert

La tension maximale en circuit ouvert des piles ne doit pas dépasser les valeurs données
le Tableau 1.

4.2.5 Capacité

Les durées de décharge, initiale et aprés conservation, des piles doivent satisfaire
exiggnces données dans I'lEC 60086-2.

4.2.6 Sécurité

Lors |de la conception des piles électrigues, il doit étre tenu compte de la sécurité dan
cond|tions d’utilisation prévue et de.mauvais usage prévisible comme cela est prescrit
I'lEC|60086-4 et I'|EC 60086-5.

4.2.7, Validité des essai$

Les piles électriques portables doivent étre soumises aux essais, comme exigé dans la

IEC §0086. Les résultats des essais restent valides jusqu’a ce qu’une modification
conception ou une révision des exigences ait été effectuée. De nouveaux essais sont e
lorsque:

a) upne spécification de masse de pile varie de plus de 0,1 g ou de 20 %, la plus grande
vhleurs, pour la cathode, I'anode ou I'électrolyte;

b) |

modification d’'une spécification d’'une pile entrainerait un échec des essais;

série
le la
Kigés

Hes

c) de nouveaux essais ou de nouvelles exigences sont ajoutés; ou

d) la modification d’une exigence entrainerait un échec des essais.

5 Performances — Essais

5.1

Essais de capacité par rapport aux essais d’application et de capacité

La préparation des méthodes normalisées d’essais d'aptitude a I'emploi (MNEA) des biens de
consommation est présentée a I’Annexe E.

La capacité d'une pile électrique peut étre établie par des essais de décharge électrique comme
décrit en détail en D.2.3. Toutefois, dans des conditions d’utilisation par un consommateur, les
capacités réalisées par des méthodes d’essai de décharge électrique peuvent varier.
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Les facteurs et les variables présentés ci-dessous ont un effet important sur la réalisation

opti

a)
b)
c)

d)

male de la capacité.

la demande en courant des dispositifs et des circuits électriques externes.

la fréquence de la demande en courant (utilisation continue ou intermittente).

la température de fonctionnement.

la tension minimale a laquelle le dispositif fonctionne de maniére satisfaisante (tension de
coupure).

A partir des variables présentées de a) a d), une demande élevée en courant pendant des

péri

les cpnditions les plus défavorables qui entrainent une perte importante de capacité.

Puisque la capacité d'origine électrique ou chimique d'une pile électrique ne peut pas
utilisee de maniére fiable dans les calculs finals des performances, il est essentiel d’'infg

I'uti
des

d’application” (définis dans I'lEC 60086-2) peuvent ne pas reproduire enti€rement un disp

] A + + H A | a - L 4 A + A
Co MNTUIUTTYTLO TUUTIT ITTIOTUTT UT CUUPUTT TITVELT TLA UTIC VAdooT tUTTITPTTALUTC TU YT T OU

lisateur sur les performances et la durée de vie des piles lorsqu’elles sont’utilisées
ispositifs typiques alimentés par piles. Il convient toutefois de noter-que ces "e

tent

étre
rmer
dans
5sais
ositif

ou ume application du marché. En effet, ceux-ci comportent de nombreuses variations doft les

exiggnces électriques sont différentes. En outre, les performancesyd’une pile peuvent
affectées par une ou plusieurs des conditions a) a d) présentées.ci-dessus.

L’Anpexe E a donc été tirée de I'ISO/IEC Guide 36:1982 (actuellement annulé).

5.2
5.2.

Les

Dang les deux catégories d’essais, \les résistances de décharge sont spécifiées conformé

a 6.

Les
5.2.

5.2.

5.2.
a)

b)

c)

d)

Essai de décharge
1 Généralités

gssais de décharge du présent document entrent dans deux catégories:

gs essais d’application;

gs essais de capacité.

4

méthodes d’essai de, détermination des conditions de décharge et d’essai sont donné¢
2leten 5.2.3.

2 Essais dtapplication

211 Généralités
Lp résistance équivalente est calculée a partir du courant moyen et de la tension moy

étre

ment

ES en

enne
et a

de fonctionnement des équipements en décharge. Des décharges a courant constan
plE s0al L I licati .

de demandes de puissance.

ypes

La tension d’arrét fonctionnelle et les valeurs de résistance équivalente, de décharge a
courant constant ou a puissance constante sont obtenues a partir des mesures

d’équipements d’applications typiques.

La classe médiane définit la valeur de la décharge et la tension d’arrét a utiliser pour I'essai

de décharge.

Si les données sont concentrées en deux ou plusieurs groupes trés éloignés, plus
essais peuvent étre exigés.

ieurs

Les essais d’application peuvent étre accélérés par la résistance de décharge, par un cycle de
service journalier, ou par les deux. Il convient que les valeurs spécifiées pour la décharge et
pour l'intermittence tiennent compte des facteurs suivants:

I'efficacité de décharge de la pile en fonction de I'application,
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I'utilisation d’un cycle de service typique pour I'application,
le temps total nécessaire pour réaliser I'essai ne dépasse pas 30 jours.

Certains essais sur résistance fixe ont été choisis pour simplifier la conception et assurer la
fiabilité des appareils d’essai bien que dans certains cas particuliers, des essais a courant
constant ou a puissance constante puissent constituer une meilleure représentation de
I'application.

Dans le futur, des conditions de décharge supplémentaires ou alternatives pourront étre
nécessaires pour représenter la gamme des applications utilisées. Il est probable que les
caractéristiques de décharge d'une catégorie particuliere d'équipements changent avec le

tempp en raison du développement de la technologie.

La deétermination précise de la tension d’'arrét de fonctionnement de I'équipement.n’esf pas
toujours possible. Les conditions de décharge sont au mieux un compromis, choisi |pour
reprdsenter une catégorie d’'équipements qui peut avoir des caractéristigues largement

diverpentes.

Toutgfois, malgré ces limitations, I'essai d’application déterminé est“a meilleure apprnoche
connpe pour l'estimation des possibilités des piles pour mune catégorie particdliere

d’équyipements.

NOTE| Pour limiter la prolifération des essais d'application, il convient due les essais spécifiés visent les appareils

corregpondant a 80 % du marché par désignation de pile.

5.2.202 Essais d’application avec plusieurs déegharges

Pour|les essais d’'application avec plusieurs décharges, I'ordre des décharges au cours|d’'un
cyclg doit commencer par la décharge la plus importante et aller vers la décharge la plus faible,

sauf gpécification contraire.

5.2.3 Essais de capacité

Pour(les essais de capacité, il cohvient de choisir la valeur de la résistance de décharge de

manipre a ce que la capacité soitirestituée sur une période d’environ 30 jours.

Lorsque la pleine capacité n'est pas obtenue dans les délais exigés, la capacité peut étre
augnjentée jusqu’a la_plus courte durée adaptée qui suit en choisissant une résistande de

déchprge de valeur oshmique plus faible, comme défini en 6.4.

5.3

Vérification' de conformité a une durée moyenne minimale spécifiée

Pour|vérifietsla conformité d'une pile & n'importe lequel des essais de décharge spécifiés [dans

I'lEC|60086-2 et I'|EC 60086-3, I'essai doit étre réalisé de la maniére suivante:

a)
b)
c)

d)

seumettre-huitpites—atessat:
calculer la moyenne en n’excluant aucun résultat.

si cette moyenne est supérieure ou é€gale a la valeur spécifiée et qu’une pile au plus a une
capacité inférieure & 80 % de la valeur spécifiée, les piles sont considérées comme
conformes en matiére de capacité.

si cette moyenne est inférieure a la valeur spécifiée et/ou si plus d’'une pile présente une
capacité inférieure a 80 % de la valeur spécifiée, répéter I'essai sur un autre échantillon de
huit piles et calculer la moyenne comme précédemment.

si la moyenne de ce deuxiéme essai est supérieure ou égale a la valeur spécifiée et qu’'une
pile au plus a une capacité inférieure & 80 % de la valeur spécifiée, les piles sont
considérées comme conformes en matiere de capacité.
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f) sila moyenne du deuxiéme essai est inférieure a la valeur spécifiée et/ou si plus d’une pile
a une capacité inférieure a 80 % de la valeur spécifiée, les piles sont considérées comme
non conformes et il n'est pas autorisé de procéder a d'autres essais.

g) une acceptation conditionnelle doit étre donnée a l'issue des essais de décharge initiaux
afin de vérifier la conformité au présent document.

NOTE

5.4

Cette

Les performances de décharge des piles électriques sont spécifiées dans I'lEC 60086-2.

Recommandations pour la prise en compte de la valeur proposée de durée
moyenne minimale

recommandation est décrite a 'Annexe E

5.5

La te
en 6.

5.7

Les @

5.8

A l'is
déch
pour
4.1.3

NOTE|
respe

6 H

6.1

Le st
cond

Essais de tension en circuit ouvert

nsion en circuit ouvert doit étre mesurée avec I'équipement de mesure de_ tension sp
8.1.

Résistance d’isolement

les piles avec étiquettes, boftiers ou gaines isolantes, la résistance entre les surfacg
e exposées a l'extérieur et I'une des bornes doit étre ;,supérieure ou égale a

)+(1)00 V pendant au plus 60 s.

Dimensions des piles

imensions doivent étre mesurées avec I'équipement de mesure spécifié en 6.8.2.

Fuite et déformation

sue de la détermination de la capacité dans les conditions d’environnement spécifiég
Arge doit étre maintenue de la méme maniére jusqu’a ce que la tension de décharge
la premiéere fois en dessous de40 % de la tension nominale de la pile Les exigencg
, de 4.2.2 et de 4.2.3 doivent étre satisfaites.

Les piles boutons et boutons'lithium, la recherche visuelle de fuites est réalisée conformément aux a
tifs de I'lEC 60086-3 et de [[IEC 60086-5.

Performance & Conditions d’essai

Conditiéns de stockage et de décharge

pckage avant les essais de décharge et I'essai réel de décharge sont effectués dan
tions-bien définies. Sauf spécification contraire, les conditions données dans le Tablg

doiv

beifié

bs de
b MQ

S, la
thute
bs de

ticles

5 des
bau 3

ntvs’appliguer. Dans la suite du texte. les conditions de décharge présentées sont

dites

conditions normalisées.
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Tableau 3 — Conditions de stockage avant et pendant I’essai de décharge

Conditions de stockage Conditions de décharge
Type d’essai Température Humidité Duré Température Humidité
relative uree relative ¢
°C % HR °C % HR
60 jours maximum
Essai a I'état frais 20+52 55 + 20/ -40 aprés la date de 20+ 2 55+ 20/ -40
fabrication
Essai de décharge 20+52 55+ 20/ -40 12 mois 202 55 + 20/ -40

apr‘ s canservation®

Esjsai de décharge
apfes conservation
(haute
t¢mpérature) b€

45+ 2°¢ 55 + 20 4 semaines 20+ 2 5520 [ -40

a température de stockage peut dévier de ces limites uniguement pendant de courtes dui€es sans
épasser (20 £+ 10) °C.

4
d
b (et essai est réalisé lorsqu’un essai de stockage a haute température est exigé. Le§ exigences de
performance sont soumises a accord entre le fabricant et le client.

L

es piles doivent étre conservées sans emballage.

d A I'exception des systémes "P" et "A": (55 + 10) % HR.

@

convient que les performances atteignent ou dépassent le pourcentage de la valeur de la durée moyenne
inimale (MAD).

=

6.2 | Commencement des essais de décharge-aprés stockage

La période entre I'achevement du stockage et'le commencement de I'essai de décharge apres
stocage ne doit pas dépasser 14 jours.

Pendant cette période, les piles doivent étre conservées a (20 + 2) °C et (55 + 20/ -40) %
d’hurmidité relative (sauf dans le cas_des piles du systéeme P pour lesquelles I'humidité relative
doit étre de (55 + 10) % HR).

Il faug attendre au moins une“journée dans ces conditions pour permettre un retour a I’équlilibre
avanf de démarrer un essai de décharge apres stockage a haute température.

6.3 | Conditions d*essai de décharge
6.3.1 Géngralités

Pour|soumettre une pile a I'essai, celle-ci doit étre déchargée comme cela est spécifié [dans
I'lEC|60086-2 ou dans I'lEC 60086-3 jusqu’a ce que la tension lors de la décharge chute|pour

la premit‘:rp fois en dessous de la tension d'arrét anérifién La r‘nlnm‘i'ré peut &tre pylnrimc e en
impulsions, en durée, en capacité ou en énergie.

6.3.2 Conformité

Lorsque I'IEC 60086-2 ou I'lEC 60086-3 spécifient des capacités pour plusieurs essais de
décharge, les piles doivent satisfaire a toutes ces exigences pour étre conformes au présent
document.

6.4 Résistance de décharge

La valeur de la charge résistive (y compris la résistance de toutes les parties du circuit extérieur)
doit étre la valeur indiquée dans la feuille de spécification individuelle; sa précision doit étre
de 0,5 %.
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