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INTERNATIONAL ELECTROTECHNICAL COMMISSION

PRIMARY BATTERIES -

Part 1: General
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International Standard IEC 60086-1 has been prepared by IEC technical committee 35:
Primary cells and batteries.

This twelfth edition cancels and replaces the eleventh edition (2011) and constitutes a
technical revision.

The major technical changes with respect to the previous edition are:

— the order of the Annexes was changed to the order in which they appear in the document
and a caption was added to indicate where the Annex information first appears in the

dect |monf;

— the humidity conditions for non P-system batteries in Table 3 was modjfiets

|
—

He standard discharge voltage for the Y and W chemistries was det ined to\be at 3,5V
hd 2,8 V respectively;

[V

— degtails on capacity measurement were moved from Annex E to

|
—

He coin/button cell and battery definition was clarified in bettenaddress igsues
wlith the swallowing of coin cells.

The fext of this standard is based on the following documends:

FDIS A %epért})nl\\/ot}}gk

35/1346/FDIS, A\ >\{5/Yé4$(/R\\{DK >

ovahoiN\{His tMcan be found in the repdrt on

This publication has beerdrafted in a i e ISO/IEC Directives, Part 2.

Full information on the voting for the a
voting indicated in the above table.

A list of all parts in t ( ' nder the general title Primary batteries, cgn be
found on the IE si

The committee ha oritents of this publication will remain unchanged| until
the gtability date FC website under "http://webstore.iec.ch” in the |data
relat¢d to the s 3 ion. At'this date, the publication will be

* regplaced®
+ amended:

A bilingUalversion of this publication may be issued at a later date.

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 publication 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
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 pnrt has heen r‘hnngpd to impm\/p its cantent and remains ynder
contipual scrutiny to ensure that the publication is kept up to date with the_advances_in|both
battery and battery-powered device technologies.

NOTE| Safety information is available in IEC 60086-4, IEC 60086-5 and IEC 62281

@C@
S
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PRIMARY BATTERIES -

Part 1: General

1 Scope

This part of IEC 60086 is intended to standardize primary batteries with respect to dimensions,
nomeénclature, terminal configurations, markings, test methods, typical performance,sjafety
and ¢nvironmental aspects.

As a|primary battery classification tool, electrochemical systems aye s S o\ with
respgct to system letter, electrodes, electrolyte, nominal and maxi eut bage.

NOTE| The requirements justifying the inclusion or the ongoing retention of oatteries\ s are
given |n Annex A.

The pbject of this part of IEC 60086 is to benefit prim 3 avice designerg and
battery manufacturers by ensuring that batteries l\ manufacturers| are
inter¢hangeable according to standard form, fj function. Fufthermore, to ensure
compliance with the above, this part s ethods for testing primary|cells
and batteries.

2 Normative references

The following documentsin whofe or ormatively referenced in this document and
are indispensable for its apyplication. ated refgfences, only the edition cited applies. For
undated references, |[ftl ) iti § referenced document (including| any

amendments) a@.
1

IEC $0086-2:2041~

3 Terms and definitions

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

1 To be published.
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3.1
application test
simulation of the actual use of a battery in a specific application

3.2
battery

one or more cells electrically connected-bypermanent-means; 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 definition]

3.3
buttgn (cell or battery)
smal| round cell or battery where the overall height is less than

comglying with-Figures 3-and 4 of [EC 60086-2

Note 1
“coin
“butto

to entry: In English, the term “button (cell or battery)” is only used fg

3.4

cell
basid
and
chenm

[sou

3.5
clos¢d-circuit voltage
CCV|(abbreviation)

voltapge across the ter

[SOURCE:IEC 6 482; modified ("voltage between the terminals of & cell
’ e 7

or battery" replaced

3.6
coin|(
see Qutto
3.7

cylindrical (cell ©

b term
" and

inals
bn of

roundl cell-or battery-with-a—eylindrical-shape in which the overall height is equal to or greater |

than fthe. diameter

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

by "round cell or battery")]

3.8
discharge (of a primary battery)
operation during which a battery delivers current to an external circuit

3.9

dry (primary) battery
primary battery in which the liquid electrolyte is essentially immobilized
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[SOURCE:IEC 60050-482:2004, 482-04-14, modified]

3.10

effective internal resistance — DC method

the internal d.c. resistance of any electrochemical cell is defined by the following relation:

3.1

end-f'o'infvwm'g'e
EV (abbreviation)

spec

[SOYRCE:IEC 60050-482:2004, 482-03-30+nodified]

3.12

leakage
unplanned escape of electrolyte, gas or other material from>e

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

3.13

minimum average duration

MAD

minimum average time on discharge wfhich is metby

AU (V)
Ai (A)

R (Q)=

2015

fied voltage of a battery at which the battery discharge is terminate

(abbreviation)
ple of batteries

Note 1 to entry: The dischargg testi
to show conformity with the standard a

3.14
nom

suita
elect

nal voltag a
V,, (siymbol)

ble approximate
rochemical

[SOURCE:!

symHfol 7,

3.15

open-circuit'vo

ocv
volta

(abbreviation
jesacross the terminals of a cell or battery when it is off discharge

igned

Dr an

and

3.16
prim

ary (cell or battery)

cell or battery that is not designed to be electrically recharged

3.17
roun

d (cell or battery)

cell or battery with circular cross section

3.18

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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3.19
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.

3.20
small battery

cell or battery fitting entirely within the limits of the truncated cylinder as defined in Figure 1

Ingestion gauge

3.21

storgge life Q
durafion under spegeffje

specified service oufp

[SOYRCE:IE 4 82y 4, 482-03-47, modified ("function" replaced by "service outy

3.22
termjnal

condyctive pa e fon of a battery that provide connection #{

externnal

4 Reqguirements

Inner dimension illimetres

enend of which a battery retains its ability to perfg

mm)

=

m a

ut")]

4.1 General

411 Design

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

technology.

When designing primary batteries, the aforementioned considerations shall be taken into
account. Specifically, their dimensional conformity and stability, their physical and electrical
performance and their safe operation under normal use and foreseeable mis-use conditions

shall be assured.
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Additional information on equipment design can be found in Annex B.

4.1.2 Battery dimensions

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

4.1.3 Terminals
4.1.3.1 General

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

Theil physical shape shall be designed in such a way that they ensure ths e batteries llnake

and fnaintain good electrical contact at all times.

They| shall be made of materials that provide—adegquate good &
resisfance to corrosion-protection.

ity| and

4.1.3.2 Contact pressure resistance

Whefe stated in the battery specification tables g pecification sheets in
IEC 60086-2, the following applies:

a |
afea for a period of 10 s shall né & ation which might prévent
s

NOTE| See also IEC 60086-3 for exceptions.

4.1.3.3 Cap and base

ng to
ttery

This type of terminal is
Figunes 1-and-2
insulated from t

4.1.3,
This ng to
Figunes-3-a de of

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

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

These 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 housing
or holding device and adapted to receive corresponding pins of a mating plug.
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Snap fasteners

4.1.3.9

General

4.1.3.9.1

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.
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4.1.3r972—Stmap fastener

This ftype of terminal consists of a stud for the positive terminal and a spftket fox the ‘negative

terminal. These shall be made from nickel plated steel or other suitayp ; \ shall
be dgsigned to provide a secure physical and electrical connectioy ' milar
corrgsponding parts for connection to an electrical circuit.

4.1.3(10 Wire

Wire|leads-shalt may be single or multi-strand flexible irsulate aed copper.—The-insulation
may-be——coettonbraid-ersuiteble plastie- The positive and
the negative black.

4.1.3.11

These contacts are generally used on hatteri ésponding parts of the extgrnal
circu|t are not precisely known. They/ shall be o \g brass or of other material having
similar properties.

4.1.4 Classificatig

Primary batteries are

Each| system, wit: ¢ he zinc-ammonium chloride, zinc chloride-manganese

dioxifle system, had\k

The ¢lectrochieni S at have been standardized up to now are given in Table 1



https://iecnorm.com/api/?name=e9bc3755403ad4b799ba282e476a46bd

IEC 60086-1:2015 RLV © IEC 2015

- 15—

Table 1 — Standardized electrochemical systems

Nominal Maximum
Letter Negative Electrolyte Positive electrode voltage open circuit
electrode 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
C Lithium (Li) Organic electrolyte Manganese dioxide (MnO,) ;;46\ 37
E Lithium (Li) Non-aqueous Thionyl chloride (SOCI,) ,6 3,9
inorganic = (\
- Lithium (Li) Organic electrolyte Iron disulfide (FeS,) < 1,5 1\,53
5 Lithium (Li) | Organic electrolyte Copper () oxide (CuQy ™\ \1%\ 2,3
I Zinc (Zn) Alkali metal hydroxide | Manganese dioxid/e\Q/I}Qz) N \ 1, 1,68
> Zinc (zn) Alkali metal hydroxide | Oxygen (O,) \ \ 1,4> 1,59
! Zinc (zn) Alkali metal hydroxide | Silver oxiy((Agzcx ) \1,55 1,63
Lithium (Li) | Organic electrolyte Sulphu Jkiox@e}scr)\z) 3,0 3,05
Lithium (Li) | Non-aqueous Sutyryl Shiorige (@0 ) 3,9 4.1
inorganic
y Zinc (zn) Alkali metal hydroxide \'\CNOX droxtde_(NOOH) 1,5 1,78
NOTE 1 The value of the nominal voltage is hot verifiabley tﬁifo}it is only given as a reference.
NOT] i asureq asAdefined in 5.5 and 6.8.1.
NOT , on protocol is to list negative electrode ffirst,
follo

4.1.5

The
elect

A co
Anneg

4.1.6

is based on their

, if needed.

physical

parameters,

4.1.6(1

General (see Table 2)

their

With
following information:

a) designation, IEC or common;

the eXxception or small Datteries (see 4.1.0.Z), each Datiery snall be markKked wit

the

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;
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:-.
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Marking of small batteries (see Table 2)

IEC 60086-1:2015 RLV © IEC 2015

a) Batteries designated in the IEC as small, mainly category 3 and category 4 batteries have
a surface too small to accommodate all markings shown in 4.1.6.1. For these batteries the
designation 4.1.6.1a) and the polarity 4.1.6.1c) shall be marked on the battery. All other
markings shown in 4.1.6.1 may be given on the immediate packing instead of on the

battery.

b) For 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 on the immediate packing instead of on the battery.

C) Caution for ingestion of swallowahle batteries shall be given Refer ta |I[EC 60086-4:2014
(1.2 a) and 9.2) and IEC 60086-5:2011 (7.1 1) and 9.2) for details.

Table 2 — Marking requirements
A\ (\
Batteries with I Me\m\s >
Marking the exception of -systenj
small batteries atteries

a) | Designation, IEC or common A < \ %\‘ C
b) Expiration of a recommended usage period or AN

year and month or week of manufacture. The A B B

year and month or week of manufacture may

be in code f\ N
c) | Polarity of the positive (+) terminal ( (\\ 8A ( K) ‘\/A D
d) | Nominal voltage \;\ A B
e) | Name or trade mark of the manufacturer/or B B

supplier (“
f) Cautionary advice /\ /\\ \ >> B2 B@
A: shall be marked on the hatte N
B: may be marked on the jm fat € battery
C: may be marked@e battery, the seali immediate packing
D: may be marked o y&l\a tab nd/,g on the battery
a8  (Caution for ingesfi f swallo le batteries shall be given. Refer to IEC 60086-4:2014 (7.2a) and 9.2)|and

IEC 60086-5:2041 (A1M\and 92) detdils.

4.1.6[3 rk of batteries regarding method of disposal

Markjng of ba ith respect to the method of disposal shall be in accordance with [local

legallrequiréments

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:

nx0,85U <mxUg<nx115U,

where

n

2

is the number of cells connected in series, based on reference voltage U,;

The standard discharge voltage U, was introduced to comply with the principle of experimental verifiability.

Neither the nominal voltage nor the maximum off-load voltage complies with this requirement.
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m is the number of cells connected in series, based on standard discharge voltage Us.

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, = 1,4 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, = 3,2 V: Batteries having a standard discharge voltage m x Us equal to or
within the range of n x 2,72 V ton x 3,68 V.

The term standard discharge voltage and related quantities, as well as the~methods-of|their
detenmination, are given in Annex D.

NOTE| For single-cell batteries and for multi-cell batteries assembled with cells of'thg ¥ nge, jn and
n will pe identical; m and n will be different for multi-cell batteries if assembled wikh c&lls\from™a pltage
range [than those of an already standardized battery.

Voltage range 1 encompasses all presently standardized pattenes Witk y je of
1,5V, i.e. "no-letter" system, systems A, F, G, L, P,

Voltage range 2 encompasses all presently standardizec i i [ je of

Because batteries from voltage range and ? ignifi ifferent
discharge voltages, they shall be desi 3 -i . Bpfore
standardizing a new electrochemica | be
detefimined in accordance with in Annex D to resolveg its
inter

WARN osion,
leakad

4.2.2

The gdimension$Qf balferies shall conform with the relevant specified dimensions as given in
IEC $0086-2.and t&C 60086-3 at all times during discharge testing under the standard
cond|tion's given in this specification.

NOTE 1 An increase in battery height of 0,25 mm can occur with button cells of the B, C, G, L, P and S systems,
if discharged below end-point voltage.

NOTE 2 For certain button cells (coin cells) of the C and B systems, a decrease in battery height may occur as
discharge continues.

4.2.3 Leakage

When batteries are stored and discharged under the standard conditions given in this
specification, no leakage shall occur.

4.2.4 Open-circuit voltage limits

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

mis-use as prescribed in IEC 60086-4 and IEC 60086-5 shall be considered.

5 Performance - Testing
5.1 General

For {he preparation of standard methods of measuring performapcCe
goods, refer to Annex E.

A capacity of a primary battery may be established by electyi
D.2.4. However, under consumer usage conditions, the<{capaciies
discharge test methods can vary.

The following factors/variables dramatically impa

b) The frequency of current demand\(Coxtin
¢) The minimum voltage at which

d) The temperature of gperation.

umer

iled in

d from eledtrical

T

From the variables listg ith a
high |cut off voltage gnd\lg ihg in
significant capacit;)&los.

Becajuse the electricd iably
used|in any calcykato | nvey
to thle user somy i gerformance/life when used in typical battery powered
devides. WENE noted that such designated ‘application tests’ (defined in
6008p-2) ' slicdte a device/application there being many variations eacH with
differfing£ guirexnents in the marketplace. Furthermore battery performance may be

further affe R pore of the conditions in a) to d) above.

The following-has thgréfore been derived from ISO/IEC Guide 36:1982.

5.2 Discharge testing

5.2.1 General
The discharge tests in this standard fall into two categories:

— application tests;
— service output tests.

In both 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 .
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5.2.2 Application tests

5.2.21 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-resistance load value and the end-point voltage to be used
forthredischargetest:

d) I’Ithe data are concentrated in two or more widely separated gro test

ay be required.

e’ IF ol . e alal
opeee e

Tha Haillv n tha

TheHaily peri hen the

S e

Appli The

spec into

cons|deration:

— djscharge efficiency of the battery

— ty

— td

NOTEL4 Some fixed resistance and

ensufe reliability of the i stant

currgnt or constant waita

In thé future, al@' : bsary

to eflectively repreger load

char bping
techr

The ways

poss pgory

of equi

Neve oach

known fof the estimation of battery capability for a particular category of equipment.

NOTE—=—1morderto minimize the proftferation of application ests, the (estS specifled—shouid targer to be those
accounting for 80 % of the market by battery designation.

5.2.2.2 Application tests with multiple loads

For application test with multiple loads, the load order during a cycle shall start with the
heaviest 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.
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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 higher
ohmic value, as defined in 6.4.

5.3 Conformance check to a specified minimum average duration

In order to check the conformance of a battery-any-of the-application-tests-orserviceoutput to
any discharge tests specified in IEC 60086-2 and 60086-3,-may-be-chesen the test shall be

carried out as follows:

a) Testninre eight batteries.

b) dJalculate the average without the exclusion of any result.

c) one
5 are

d) rvice
-nine

e) d no
, the

f) one
5 are

9) may

NOTE

5.4

This

5.5

Opern ied in

6.8.1].

5.6

Dime

5.7 Leakage and deformation

After The service ouipul has been determined under the speciiied 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 watch batteries, the visual examination for leakage-should-be is carried out in accordance with Clause
8 of IEC 60086-3:2011.

6 Performance — Test conditions

6.1 Pre-discharge-conditioning Storage and discharge conditions

Storage before discharge testing and the actual discharge test is 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.
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Table 3 - Conditions for storage before and during discharge testing

Storage conditions Discharge conditions
Type of test Temperature Relative Temperature Relative
R humidity Duration R humidity4
c % RH c % RH
60 days maximum 55
Initial discharge test 20+24 55+ 20 after date of 20+ 2 20 /’40
manufacture + )
Delayed discharge test 20+22 55+ 20 12 months 20+ 2 55 =
+20/ -40
Delayjed discharge test c 5% +
(high temperature) © 4512 55+20 13 weeks 20272\ +207 }40
a8 Dpring short periods—enly, the storage temperature may deviate from these limj 20 +
5] °C.
b This test is carried out when a storage test at high temperature is required. Pexfor are the
sybject of agreement between the manufacturer and the customer.
¢ Batteries to be stored unpacked.
4 Except “P” system: (55 + 10) % RH.
6.2 Commencement of discharge tests afte
The period between the completion of shall
not exceed 14 days.
Durinjg this period the batteries shall :- keptat (200+% except
for Ptsystem batteries whe & _hun y shall be (55 + 10) % RH)
At lelast one day in these . al™k lowed for normalization before starting a

discharge test after st
6.3 Dischargei 5

H be discharged as specified in IEC 60086-2 or IEC 60(86-3

until for the first time below the specified end-point. The service
outpuut s—a—duration—ir—ampere-hours—or-in—watt-hours pulses, duration,
capafp

6.3.2 Compliance

WhenEC 60086-2 or IEC 60086-3 specify service outputs for more than one discharge|test,
batteries shall meet all of these requirements in order to comply with this specification.

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 load shall, whenever possible, be as shown in Table
4 together with their decimal multiples or sub-multiples.
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Table 4- Resistive loads for new 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 ;Leriods on-discharge and off-discharge shall be as specified in IEC 606

When formulating new tests, whenever possible, one of the followin should be

adopted from Table 5.

Table 5 — Time periods for new tésts
A
1 min 5 min 10 min 30 m \\kh N
2h 4n 12 h 24/1'\/cont\l)Q\)\ \-
\/
Othel cases are specified in IEC 60086-
6.6 Test condition tolerances
Unless otherwise specified,the toleran 6 shall apply.

ondlt on tolerances

N
Tost paratpateg

> Tolerance
\//\RE{QBQraE\e \ +2°C
A\ N O os
Volta e +0,5%

++20/-40 % RH
except 'P' system = 10 % RH

oo

\mg/éccuracy Discharge time ¢, Tolerance
0<ty<2s 5 % of ¢

2s<ty,<100s +0,1s
ty>100s £ 0,1 % of ¢4

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 >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

71 —General

The use of sampling plans or product quality indices should be agreed between the

manaeturerand-the-purchaser
Where no agreement is specified,-the—options—in and/e are :\. mmerdedfefler to
A ;

ISO 2859 and ISO 21747 for sampling and quality compliance assessqe
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Annex A
(normative)

Guidelines Criteria for the standardization of batteries

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

a) The battery or batteries of this electrochemical system are in mass production.

their

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

c) The battery is produced by at least two independent manufacture At hold
of which shall conform to the requirements contained in 2.14 of \{} Direc
art 1, Reference to patented items.

d) Tlhe battery is produced in at least two different countries<or, [ e battd

their company label.

The jtems of Table A.1 shall be included in any néw wor C {o standardize a
indivldual battery or electrochemical system.

Table A.1 - I@{ce sdary t stgi

arket

er(s)
ives,

ry is
nder

new

Individual battery /k Electrochemical system

Confofmance statement to items a) to d) above\ ('\ &Mm}me statement to items a) and b) abovg

Desigpation and electrochemicgf/sy\@m/'\\ \ Reégnmended designation letter

Dimerjsions (including drawi'n\gs) N)egative electrode

N

Discharge conditions [ Positive electrode

Minimpm average d rat%ﬂ(s} { \/ Nominal voltage
AN 2

Maximum open circuit voltage

> Electrolyte
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Annex B
(rormative informative)

Recommendations for equipment design

B.1 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
accou |n|' ol‘ rlnclﬂn |nr\ophnn \Alhnnn\lnr pncelhlo fho hoﬂ'nry hlr\a colnr\i’nr] ehr\lllrl l’\ one

incluged in IEC 60086-2. The equipment should be permanently mark with the| IEC

designation, grade and size of battery which will give optimum performang

B.2 | Battery compartment

B.2.1 General

Battg ies are
easily inserted and do not fall out. The dimensions a tacts
should be such that batteries complying with this st r] the
equigment designer should not ignore the tolerapces ional
stang

The jttery

termi

s for

Cleatly indicate t
insertion.

Use

comg ative
(=) b rting
battefies.

Battg itioned

so a$ to minimize possible damage and/or risk of injury. Only the battery terminals should
physically eontact the electric circuit. Care should be taken in the choice of materials anf the
design of_contacts to ensure that effective electrical contact is made and maintained Under
cond|tions of use even with batteries at the extremes of dimensions permitted by this standard.
Battery and equipment terminals should be of compatible material and low electrical
resistance.

Battery compartments with parallel connections are not recommended since a wrongly placed
battery will result in charging conditions.

Equipment designed to be powered by air-depolarized batteries of either the "A" or "P" system
must 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:—, positive contact should be made on the side of the battery, so that
air access is not impeded.
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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.

The battery compartment-shall 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-%
safetly considerations.

B.2.3 Limiting access by children

Appdratus should be designed to prevent children from
following methods:

A todl, such as a screwdriver or coin, is required to

The |battery compartment door/cover
independent and simultaneous movemexts ok the

If scfews or similar fasteners are usied
battefy compartment, the fa
door/cover. This does nof\a
the functioning of the
equipment.

B.3 | Voltage c;

In orger to preve

voltape cut- he below the battery manufacturers' recommendation.

from a battery being driven into reverse, the equip|

nsive

f the

two

the
h the
y for
f the

ment
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Annex C
(normative)

Designation system (nomenclature)

C.1 General

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

the type of tearminales rata canahilitvy and cnacial charactarictics
YPe-o—toHHhats—ato-capaphityahiaSpPociar—eratacteHStHES-

This pnnex is divided into two clauses:

— (ause C.2 defines the designation system (nomenclature) in us

— (Clause C.3 defines the designation system (nomenclature) j D0 to
apfcommodate present and future needs.

C.2 | Designation system in use up to October

C.2.1 General

This clause applies to all batteries whj Q 7 p to October 1990 angd will

remafin valid for those batteries after that d

C.2.2 Cells

A cell is designated by a i d by a,number. The letters R, F and S define

roundl, flat (layer built) a iYely. The letter, together with the follqwing

number3, is defined by ' \ ions

Whe i i thegriaximum dimensions of the battery instead gf the

nomi the s n Tables C.1, C.2 and C.3. Note that these tabl¢s do

not ipclude electrog i the no letter system, or other modifiers. These pther

parts| (o)) » gnclature) follow in C.2.3, C.2.4 and C.2.5. These tables

only C i ignations for single cells or single batteries.

NOTE i i ese batteries are given in IEC 60086-2 and IEC 60086-3.

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

Dimensions in millimetres

Physical designation

Nominal cell dimensions

Maximum battery dimensions

Diameter

Height

Diameter

Height

R06

R03

RO1
RO
R1

10

11

22

19

10,5
12,0

12,0

44,5
14,7

R3
R4
R6
R9

R10

R12

R14

R15

R17

R18

R19

R20

R22

R25

R26

R27

R40

R41

R42

R43

R44

R45

R48

R50

R53
R54
R85
R56

13,5
13,5

25
38

16,4
23,2
11,6
11,6
11,6

172,0

11,4
6,1

3,05
21
2,6

R57
R58
R59
R60
R61
R62
R63
R64
R65
R66
R67

9,5
7,9
7,9
6,8

5,8
5,8
5,8
6,8
6,8
7,9

2,7

21

2,6
2,15

1,65
2,15
2,70
1,65
2,60
1,65
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Nominal cell dimensions Maximum battery dimensions
Physical designation
Diameter Height Diameter Height
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.

Table C.2 — Physical designation and nominal overall dimensions of flat cells

Dimensions in millimetres
Phys|cal designation Diameter Length Width [ Thickness
F15 - 14,5 145 N\
F16 - 14,5 14,
F20 - 24 5
F22 - 24 13,5
F24 23 -
F25 - 23 23 6,0
F30 - 32 21 3,3
F40 - 32 Q 53
F50 - 32 3,6
F70 - 43 43 5,6
F80 43 6,4
F90 43 7,9
F92 37 5,5
F95 38 7,9
F100 - Q 60 45 10,4
NOTH The compleﬁe\)%ﬁ\%ns of these atte s% given in IEC 60086-2.
Table C. Q}% ion and dimensions of square cells and batteries
{\ Dimensions in millimetres
PhyS| | Nom\al cell dimensions Maximum battery dimensions
des'g"atm \Eené\h Width Height Length Width Height
s4 \) - - 57,0 57,0 125,0
S6 57 57 150 - - -
S8 - - - 85,0 85,0 200,0
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
tables because of their use in national standards.

Cc.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.
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C.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.

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 hattery contains maore than one section, each section is designated separately ith a
slash (/) separating their designation.

C.2.5 Modifiers

B are
ts or

In or
diffen
termi

C.2.4

R20 zinc

LR2( xide-
3R17 zinc

zinc
pring

4R29§

C.3

C.3.1

This new sizes considered for standardization after October

1990

The pasis NS ftion system (nomenclature) is to convey a mental concept df the
battefy througt esignation system. This is accomplished by using a diameter, from a
cylindrical envelopeyxand a height related concept for all batteries, round (R) and non-round (P).

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

For example 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 in this
clause.

C.3.2 Round batteries
C.3.21 Round batteries with diameter and height less than 100 mm
C.3.2.1.1 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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[ Sy ¥y I ey ey Ty SO ey O iy

Modifiers
(see NOTE 2)

Code denoting height in
0,01 mm if needed
(refer to Figure C.3

and C.3.2.1.3)

Number of cells
or parallel strings

in series
Code déen m
(see NOTE 1) in 0, Q\i

<\\\
<(\

Code denoting shape ode en |ng xmuMgrpe(ter (refer
(R =round) €.4qnd C.3.2.1.2)

NQTE 1 The number of ce

Letter denoting
electrochemical system
(refer to Table 1)

IEC

NOTE 2 Modifiers are € i specific terminal arrangement, load capabilify and
funther special characte

o system for round batteries:
; height 1y <100 mm

a) apsigned\according to Table C.4 in case of a recommended diameter;

b) assighed 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

B\

Code Re_comme_nded Code Re_comme_nded
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

8 8,5 24 24,5

9 9.5 25 250

10 10,0 26

11 11,6 28

12 12,5 30

13 13,0 32

14 14,5 34

15 15,0 36

16 16,0 3

17 17,0 40

18 18,0 41

19 19,0 (&

VD
XX C

Mammurgnc:lezmw

Code “C”

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

rXcIOMUOUO >

IEC

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

C.3.213 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).

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).


https://iecnorm.com/api/?name=e9bc3755403ad4b799ba282e476a46bd

- 34 - IEC 60086-1:2015 RLV © IEC 2015

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 e G0

NOTE|

EXAM
mm (T}

EXAM
mm (H

EXAM
mm (T
dioxid

mm

0,00
0,01
0,02
0,03
0,04
0,05
0,06
0,07

IEC

\7g in lel with a maximum diameter 9
ruetal hydroxide-manganese dioxide syst

able C.4), and a ma

b system. Q
3 M\He

Figure C.

f 11,6
em.

of 27
btem.

f 26,2
anese

vn in
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) ) 3

Number of cells or Modifiers
parallel strings (see NOTE 2)
in series

(see NOTE 1)

Integer of maximum height

in millimetres
Letter denoting
electrochemical
system “/” separating diameter and
(refer to Table 1) height code

AN
Code denoting shape Integer of maximum diameter
(R = round) in millimetres /\

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

NQTE 2 Modifiers are included to designate for example spécific te INalrangement, load capabiliy and
funther special characteristics.

Figure C.4 — Desig atteries:

dy > 100

C.3.3.2.2 Method for assigning t

The ¢iameter code nu ed in

millimetres.

C.3.2.2.3 M@

The tery,

a) for fla 3 9 of |

b) fqr allL<other typés of terminals, the maximum height is the maximal overall height

EXAM TA round battery consisting o g P loride,
zinc chloride-manganese dioxide system, connected in series, having a diameter of 184,0 mm and a shoulder-to-
shoulder maximum height of 177,0 mm.

C.3.3 Non-round batteries
C.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 (/) 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 dlesignation for non-round batteries with dimensions < 100 mm is inKigure|C.5.

N U N2 O B <

Number of cells Modifiers

or parallel strings ee NOTE 2)
in series

(see NOTE 1)

AN

anteg of the maximum height
the battery expressed

- - in millimetres
Letter denoting electrochemical
system
(refer to Table 1)
Integer of the diameter expressed in millimetres
< (\ ee NOTE 3) of the cylindrical envelope
d

e do oting‘sh encompassing the maximum length and
( oun width dimensions of the surface from
which the terminals first emerge

s IEC
fri in pargllel is not identified.

NOTE|2 Modifi i € designate for example specific terminal arrangement, load and further gpecial
charagteristics.

NOTE|1 The numbep/ORCe

NOTE|3 S el eds to be discriminated in tenths of a millimetre, the letter code shown in-Table-C-5
Figurd C.7 ag

EXAMPLE 6LR3146; ttery consisting of six cells or strings in parallel of the zinc-alkali metal hydrpxide-
manganese dioxide sy , connected in series with a maximum length of 26,5 mm, a maximum width of 17, mm,
and a|maximum height of 46,4 mm. The integer of the diameter of this surface (/ and w) is calculated accordipg to:

—
VIZ+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 > 100 mm

The designation for non-round batteries with dimensions > 100 mm is as shown in Figure C.6.
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S A

S

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)

idth

Symbol separating thee length
and hei@t i}de
A\ (S\

Code denoting shape
(P = non-round)

the maximum leng

in millimetres
passing
rface

from whi

NOTE|1 The number of cells or strings in parallel is not identifi
NOTE|2 Modifiers are included to designate fg
charagteristics.

NOTE|3 In case the height needs to be discrimihated

Figurgd C.7 applies.

EXAMPLE 6P222/162: A battery, _consisting of\six
chlori
113 mm, and a maximum height\

Figure C.6 — Des

9,

IEC

, zinc
dth of



https://iecnorm.com/api/?name=e9bc3755403ad4b799ba282e476a46bd

- 38 - IEC 60086-1:2015 RLV © IEC 2015

Maximum height
in millimetres (integer)

NOTE|

C.3.4

enco
desid

Mmpassing cylinder an
nation extended wit

9,

Decimal part of height Code

mm

0,0 A
0.1 B
0,2 o]
0,3 D
0,4 E
0,5

0,6 H
0,7

0,8 K
0,9 L

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

Dimensions in millimetres

Physical Maximum battery dimensions
designation
Diameter Height
R772 7,9 7,2
R1025 10,0 2,5
R1216 12,5 1,6
R1220 12,5 2,0
R42285 'I')‘R ')‘R
R1616 16,0 1,6
R1620 16,0 2,0
R2012 20,0 1,2

R2016 20,0
R2020 20,0
R2025 20,0
R2032 20,0
R2320 23,0
R2325 23,0
R2330

R2354

R2420

R2425

R2430 3,0

5,0
3,2
10,8
25,2
60,4
25,0
27,0
33,5
34,5
45,0

in IEC\60086-2 and IEC 60086-3.

\\NO}&T complete dimensions of these batteries are given
E

Table~C.6 — Physical designation and dimensions of non-round
batteries based on Clause C.2

IV ; ; HIA 4
DHTSSTORS—-H-HHRetesS

g Physic:l Designation Maximum battery dimensions
esignation (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.



https://iecnorm.com/api/?name=e9bc3755403ad4b799ba282e476a46bd

-40 - IEC 60086-1:2015 RLV © IEC 2015

Annex D
(informative)

Standard discharge voltage Us —
Definition and method of determination

D.1 Definition

The standard discharge voltage Ug is typical for a given electrochemical system. It is a unique
voltage s i i i ry. It
only Hdepends on its charge-transfer reaction. The standard discharge volt Uy is defin
tion (D.1).

Usz—XRS D1)

wher

Us |is the standard discharge voltage;

Cs |is the standard discharge capacity;
ts is the standard discharge time;

Rg is the standard discharge resistox,

[

D.2 | Determination

D.2.1 General conside

The getermination of thendisck is-.accomplished via a C/R-plot (where C is the

discharge capacity~of & K arge resistance). For illustration, see Figurg D.1,
which shows a@ i iSchaxge capacity C versus discharge resistor R4 in
normfalized presentati e, 4)/Cq is plotted as a function of Ry. For low Ry-values], low
C(Rg4)-values are ohta i ga. On the gradual increase of Ry, discharge cagacity

C(Rgy4) also increa$ feau is established and C(R4) becomes constant 5:

Cp = constant D.2)

which means as indicated by the horizontal line in Figure D.1. It further shows
that ¢apacity. O =¥ is dependent on the cut-off voltage U.: the higher its value, the larger
is fraction-AC that cannot be realised during discharge.

NOTELUndernplateau-conditions—capacity-C-is-independent-of-R
g g g Y g a-

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

C
Ug =—% xRy (D.3)
tq

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

5 For very long periods of discharge time C, 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.


https://iecnorm.com/api/?name=e9bc3755403ad4b799ba282e476a46bd

IEC 60086-1:2015 RLV © IEC 2015

—41 -

QQ_
=
o}
10 - - — -
0,98 98 % C(R) = Cp = constant
C= f(Rq) /
Capacity plateau: dC/dR = 0
0,5
ut- wU¢ = coRstant
0 \N
/ JEIAN
i Com OV @ -
Rq (0,5) \ G Ry
IEC
Figure D.1 — Normalized lot matic)
The quotient Cy /t4 of Equation (D.3) r age current i(avg) when discharging

the battery through discp
relation may be written as:

For A
cons

and |

D.2.2

Determination of the standard discharge resistor Rg

gpre S.tf
or R given cut-off voltage U, = constant.

This

D.4)

and

D.5)

D.2.3

The determination of Ug is best achieved by that discharge resistor Ry, 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 Cp

(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 R < R4. 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 7

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

Figure D.2 addresses areas A1 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 ¢4 is determined from the cross-over point for U(R,t) = U;. Th harge capacity
is obtained from Equation (D.8).

Cq = i(avg) x tg

The $tandard capacity Cq is obtained for R4 = Rg, changing BEgua

Cs = i(avg) x D.9)

a mefhod which permits the experimenjal deternji 3 ity Cg
and the standard discharge time 5 need ion arge

voltape Ug (see Equation (D.1)).
Qg“schaMe : R = constant
t-Qff yoltage : U = constant
A1
Q Average voltage, average current
A2

S
Uz D\eonstant Utk 9
ANGIN

\>

Figure D.2 — Standard discharge voltage (schematic)

—
=

current
_;

Discharge

Cell
voltage (V)

IEC

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 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 C, as indicated in Figure D.1. The last experimental
value should be taken at approximately Ry ~ 2 x Rs. 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 Rg-
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value is to be determined leading to approximately 98 % C,. The standard discharge voltage
Us yielding a 98 % capacity realization should deviate by less than -50 mV from that value
yielding a 100 % capacity realization. Differences within this mV range will only be caused by

the charge-transfer reaction caused by the system under investigation.

When determining Cs and ¢g according to D.2.3, the following cut-off voltages are to be
employed in accordance with IEC 60086-2:

Voltage range 1: U, =0,9 V

Voltage range 2: U.=2,0 V

The experimentally determined standard discharge voltages Ug (SDV) shown in Table D.1 are

: 4 bl .k frmeral — 1 bt ! elod
Only YIVCTT LU PCTITITU LTS TTIETTSICU TAPTTL LU CIICTUR TS TCPYTUUUCTUTIY .

Table D.1 — Standard discharge voltage by syst?n(\
(@GN

Sygtem | No letter c E F L s \v\ \/ z
efter
U(SpV) Vv 1,30 2,90 3,50 1,48 1,30 ﬁ,55 2\,e\ 3> 56
The determination of Ug for systems A, B, G and P is under is a
speclal case, because its Ug value depends on the typs ction.
Since system P is an open system to air, the enyi up of
i ¢ es of

COy, [after the activation of the syste

up to

1,37 V may be observed.
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Annex E
(informative)

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

2015

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 Overview General

Information useful to consumers on the performance of consumer good s to_be blased
on rgproducible standard methods of measuring performance (i.e. tes ad to
results having a clear relationship to the performance of a product i and that
are tp be used as a basis for information to consumers about the pe stics
of thg¢ product).

As far as possible, specified tests should take into accg test equipment,

mongy and time.

E.2 | Performance characteristics

The Irst step in the preparation of a

characteristics that are relevant in the se

NOTE| Once such a list has been drawn up, cbnsideration“caq &t en to selecting those attributes of a p

that afe most important to consumers making puxchase dexgisions

E.3 | Criteria for the t methods

A tept method i g of the performance characteristics listed.

following points shauld a i i ion:

a) the test metkod defipled in such a way that the test results correspon
closely as possible to mance results as experienced by consumers when
the proddct inpractice,

b) it is gsse e test methods are objective and give meaningful and reprodu
resul

c) details of
cpbnsumer;” taking
expenses involved in performing the tests;

e test\methods should be defined with a view to optimum usefulness t
into account the ratio between the value of the product ang

f the

roduct

The

d as
Ising

cible

b the
the

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

n

ormal use of the product.
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Annex F
(informative)

Calculation method for the specified value of minimum average duration

The calculation method for the specified value of minimum average duration shall be carried
out as follows:

a) Prepare minimum 10 weeks' data of duration values which are randomly selected.

b) Calculate average x of duration values x of-pine eight samples from each population.

RIemark: If some values are out of 3 o of that population, eliminate thesewalues from the

calculation of x .

c) Calculate the average x of the above average values x of eac o

Calcllate both A and B; define the rage

duration.



https://iecnorm.com/api/?name=e9bc3755403ad4b799ba282e476a46bd

G.1

- 46 - IEC 60086-1:2015 RLV © |IEC

Annex G
(normative)

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

General

2015

The greatest satisfaction to the user of primary batteries results from a combination of good

The
form

G.2

The
stack
unint

G.3

Shoc
truck
Protd

G4
The 3

For n
+30 1
shou
shou

Altho
at loy
-10 9
prote

practicesdurimg mmanufacture; distributiomanduse:

burpose of this code is to describe these good practices in genera 5 the
of advice to battery manufacturers, distributors and users.

Packaging
backaging shall be adequate to avoid mechanical da and
ing. The materials and pack design shall be chose nt of
entional electrical conduction, corrosion of the

Transport and handling
k and vibration shall be kept to a n off
5, slammed into position or piled Blow.
ction from inclement

Storage and s
torage are@
ormal storagé ould be between +10 °C and +25 °C and never exXceed
C. Extremes\ of\hux vet” 95 % RH and below 40 % RH) for sustained p%;iods
d be ayoide i t are detrimental to both batteries and packaging. Batteries
d th ext to radiators or boilers, nor in direct sunlight.
ugh the storage life” of batteries at room temperature is good, storage is improved
ver tempeératures Ye.g. in cold rooms —10 °C to +10 °C or in deep-freeze conditions Qelow
C), providing special precautions are taken. The batteries shall be enclosed in sgecial
ctive_packaging (such as sealed plastic bags or variants) which should be retain¢d to
ct.them from condensation during the time they are warming to ambient tempergture.

prote

Acce

erated warming is detrimental.

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
contgct. For example, they should not be jumbled together.

Battdries intended for sale should not be displayed for long periods bd to

direct sunlight.

The battery manufacturer should provide sufficient information to ena the retaifer to select
the dorrect battery for the user's application. This is esp j the

Test|meters do not provide reliable comparison of thie service to~he” expected from [good
batteries of different grades and manuf

G.6 | Selection, use and disposal

G.6.1 Purchase

The ¢orrect size and grad or the intended use should be purchased.
Many manufacturers sup one grade of battery in any given size. Informatign on

the drade most syited tothe n the
equipment. @

In the event that the \ fble,
the IEC designation fo loChk cted.
This |designafi S narked on the battery label. The battery should also clearly

indicate the\voltasg e of
manyfacjyre i in“code, or the expiration of a guarantee period, in clear, ag well
as the polarit \ . For some batteries, part of this information may be on the packaging

(see 4.1.6.2n

G.6.2 Installation

Before inserting batteries into the battery compartment of the equipment, the contacts of| both
equipment and batteries should be checked for cleanliness and correct positioning. If
necessary, 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.
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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.).

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

mixe es or
brandls should not be mixed. Failure to observe these precautions may result in\ $ome
battefies in a set being driven beyond their normal exhaustion point a increas¢ the

probability of leakage.

G.6.5 Disposal

Primary batteries may be disposed of via the communal refuse arradg d no
contrary local legal requirements exist. Refer to IEC 60 y rther

@%@
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INTERNATIONAL ELECTROTECHNICAL COMMISSION

PRIMARY BATTERIES -
Part 1: General

EOREWORD

=

1) Th rising
all bmote
international co-operation on all questions concerning standardization in the elecifi € ic fielfls. To
thi § i tions,
Technical , i i ificati i e d “IEC
Publication(s)”). Their preparation is entrusted to technical committees; any & mittee intefested
in [the subject dealt with may participate in this preparatory work. i , \0 3 non-
gojernmental organizations liaising with the IEC also participate in thi IE z losely
with the International Organization for Standardization (ISO) in &dccorda Vi iti ined by

2) Thie formal decisions or agreements of IEC on technical matte S possible, an interngtional
copsensus of opinion on the relevant subjects since eac i s representation from all
interested IEC National Committees

3) IEC Publications have the form of recomm#é i i se and are accepted by IEC National
Cdmmittees in that sense. While all reasépabl ] & & ufe that the technical content ¢f IEC
Publications is accurate, S 3 r any
mipinterpretation by any end user.

4) In|order to promote international uniformify, IEC_NatiogalNCommittees undertake to apply IEC Publidations
trg i Si ir“natioga) and regional publications. Any divergence
be icati e ing i Qr regional publication shall be clearly indicgted in
thg

5) IE Independent certification bodies provide confprmity
asp marks of conformity. IEC is not responsible for any
sefvi

6) All

7) Ng s and
m¢ hge or
oth ) and
ex r IEC
Py

8) At ipns is
ingi

9) At ect of
pafent rights” NE€ shall yot be held responsible for identifying any or all such patent rights.

Interpatignal Standard IEC 60086-1 has been prepared by IEC technical committeg 35:

Primary{cells and batteries.

This twelfth edition cancels and replaces the eleventh edition (2011) and constitutes a
technical revision.

The major technical changes with respect to the previous edition are:

— the order of the Annexes was changed to the order in which they appear in the document
and a caption was added to indicate where the Annex information first appears in the
document;

— the humidity conditions for non P-system batteries in Table 3 was modified;

— the standard discharge voltage for the Y and W chemistries was determined to be at 3,5 V
and 2,8 V respectively;

— details on capacity measurement were moved from Annex E to Subclause 5.1.
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— the coin/button cell and battery definition was clarified in order to better address issues

with the swallowing of coin cells.

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

FDIS Report on voting
35/1346/FDIS 35/1349/RVD

Full information on the voting for the approval of this standard can be found in the report on

voting indicated in the above table.

This publication has been drafted in accordance with the ISO/IEC Directive art 2.

A list of all parts in the IEC 60086 series, under the general title P (o=
found on the IEC website.

The committee has decided that the contents of this publlcat| ilNcemai pranged
the gtability date |nd|cated on the IEC website under ! .iec. in the

3

—

gconfirmed,

* withdrawn,

g¢placed by a revised edition, or
* amended.

.

—

A bilingual version of this publication may be issted ater date.

v

n be

until
data
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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 pnrt has heen r‘hr—mgpd to impm\/p its cantent and remains ynder
contipual scrutiny to ensure that the publication is kept up to date with the_advances_in|both
battery and battery-powered device technologies.

NOTE| Safety information is available in IEC 60086-4, IEC 60086-5 and IEC 62281

@C@
S
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PRIMARY BATTERIES -

Part 1: General

1 Scope

This part of IEC 60086 is intended to standardize primary batteries with respect to dimensions,
nome¢nclature, terminal configurations, markings, test methods, typical performance,sjafety
and ¢nvironmental aspects.

As a|primary battery classification tool, electrochemical systems aye S o\ with
respgct to system letter, electrodes, electrolyte, nominal and maxi eut bage.

NOTE| The requirements justifying the inclusion or the ongoing retention of oatteries\ s are
given |n Annex A.

The pbject of this part of IEC 60086 is to benefit prim 3 avice designerg and
battery manufacturers by ensuring that batteries l\ manufacturers| are
inter¢hangeable according to standard form, fj function. Fufthermore, to ensure
compliance with the above, this part s ethods for testing primary|cells
and batteries.

2 Normative references

The following documentsin whofe or ormatively referenced in this document and
are indispensable for its apyplication. ated refgfences, only the edition cited applies. For
undated references, |[ftl ) i § referenced document (including| any

amendments) a@.

IEC §0086-2:-1, Pri

3 Terms and definitions

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

3.1
application 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

1 To be published.
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[SOURCE:IEC 60050-482:2004, 482-01-04, modified definition]

3.3
button (cell or battery)
small round cell or battery where the overall height is less than the diameter

Note 1 to entry: In English, the term “button (cell or battery)” is only used for non-lithium batteries while the term
“coin (cell or battery)” is used for lithium batteries only. In languages other than English, the terms “coin” and
“button” are often used interchangeably, regardless of the electrochemical system.

3.4
cell
basid functional unit, consisting of an assembly of electrodes, electrolyte,
and psually separators, that is a source of electric energy obtained by
chenjical energy

ontainer, terminals
bconversipn of

[SOYRCE:IEC 60050-482:2004, 482-01-01]

3.5
closed-circuit voltage
CCV|(abbreviation)

voltapge across the terminals of a battery when it is opf di

[SOURCE:IEC 60050-482:2004, 482-0
or battery" replaced by "voltage across

en the terminals of @ cell

V

3.6
coin|(cell or battery)
see hQutton (cell or battery

3.7

cyIir]jdricaI (cell op batl
round cell or ba y

[SOU
by "r

aced

3.8
disc
oper

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

[SOURCE:IEC 60050-482:2004, 482-04-14, modified]

3.10
effective internal resistance — DC method
the internal d.c. resistance of any electrochemical cell is defined by the following relation:

AU (V)

k@@= A)
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3.1

end-point voltage

EV (abbreviation)

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

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

3.12
leakage
unplanned escape of electrolyte, gas or other material from a cell or battery

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

3.13
minimum average duration
MAD| (abbreviation)

minimum average time on discharge which is met by a sample gf b

Note {1 to entry: The discharge test is carried out according to the specifi
to show conformity with the standard applicable to the battery types

igned

3.14
nominal voltage (of a primary battery)
V, (symbol)
suitaple approximate value of the volts
electrochemical system

Dr an

%ji ddition of "(of a primary battery)| and

[SOURCE:IEC 60050-482:2004, 482-08-31
symbol 7,)]

3.15
open-circuit voltage
ocv (abbreviatié;: >

voltage across theve

3.16

primpry (cell S

cell gr battery that d to be electrically recharged
3.17

round (cell orbattery
cell gr battery-with~cirgular cross section

3.18
service output(of @ primmary battery)
service life, or capacity, or energy output of a battery under specified conditions of discharge

3.19
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.
3.20

small battery
cell or battery fitting entirely within the limits of the truncated cylinder as defined in Figure 1
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Inner dimensions in millimetres (mm)

A

+0,1
571 0

+0,1
254 0

3.21
stora

durafion under specified conditions at the end of which 3

spec
[SOU

3.22
term
cond

4 F

4.1
411

Prim

more)
capa
techr

Whe
acco

IEC

Figure 1 — Ingestion gauge

ge life
s ability to perfg
fied service output

tequiremenfs
General

n desighing privhary batteries, the aforementioned considerations shall be taken
int. \Specifically, their dimensional conformity and stability, their physical and elec

perfo

rmance and their safe operation under normal use and foreseeable mis-use cond

shall

be assured.

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

4.1.2

Battery dimensions

-

m a

ut")]

come
rate
ment

into
trical
tions

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

41.3
41.3

Term

Terminals
A General

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

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:

a[force of 10 N applied through a steel ball of T mm diameter at the cenire of each cortact
afea for a period of 10 s shall not cause any apparent deformation might pre¢vent
satisfactory operation of the battery.

NOTE| See also IEC 60086-3 for exceptions.

4.1.3.3 Cap and base

This type of terminal is used for batteries which have theikdim specified accordipng to
Figudes 1 to 7 of IEC 60086-2:— and which have the mdrical si battery insulated
from |the terminals.

4.1.3.4 Cap and case

This type of terminal is used for batteri
Figunes 8, 9, 10, 14, 15 and 16 of |
batte

gnsions specified accordipg to
but in " Which the cylindrical side of the

4.1.3(

This 3 irfation with either a metal or insulated metal
nut.

4.1.3(

Thes| table

conta

4.1.3(

Thes| that

provides pressure~xcomact.

4.1.3(8 Plug-in-sockets

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

4.1.3.9 Snap fasteners
4.1.3.9.1 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.
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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
corresponding parts for connection to an electrical circuit.

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

ernal
hving

These contacts are generally used on batteries when the correspondi
circult are not precisely known. They shall be of spring brass o
similar properties.

4.1.4 Classification (electrochemical system)

Primary batteries are classified according to their elec

Each i lortde, Ziric chloride-manganese
dioxi

ical systems

N/ . f
w \IBZ/ Nominal Maximum
Lelter Negative [\/\ectro% sitive electrode voltage | open cirguit
voltag

L

electrode
Y Y

No Ig¢tter | Zinc (W mmoniym chilorid Manganese dioxide (MnO,) 1,5 1,73
/\ chlotige
A

\ Zinc (Z on\wcje, Oxygen (O,) 1,4 1,55
\an lori
B Liéium\ﬁQ\ Olésknicyectrolyte Carbon monofluoride (CF), 3,0 3,7

C /\b«@ m N%L\ E)Kganic electrolyte Manganese dioxide (MnO,) 3,0 3,7
: \s@u\\ | Nofh-aqueous Thionyl chloride (SOCI,) 3,6 3.9
inorganic
: Lithiim (0. | Organic electrolyte Iron disulfide (FeS,) 1,5 1,83
5 Lithium (Li) Organic electrolyte Copper (Il) oxide (CuO) 1,5 2,3
L Zre—{Zh) Atkcati-metat-hydroxide—Manganese—dioxide{MnO5) 16 168
P Zinc (Zn) Alkali metal hydroxide | Oxygen (O,) 1,4 1,59
S Zinc (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-aqyeous Sulfuryl chloride (SO,CI,) 3,9 4.1
inorganic
4 Zinc (Zn) Alkali metal hydroxide | Nickel oxyhydroxide (NiOOH) 1,5 1,78

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 (3.15) 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.
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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 (see Table 2)

With [the exception of small batteries (see 4.1.6.2), each battery shall be~marked with the

following information:

a) designation, IEC or common;

b) ekpiration of a recommended usage period or year and m ture.

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

f) cputionary advice.

NOTE| Examples of the common designations \¢an be
4.1.6[.2 Marking of small batterie

ggory 3 and category 4 batteries |have
gs shown in 4.1.6.1. For these batteriels the
) 'shall be marked on the battery. All pther
n the immediate packing instead of onf the

bsignation 4.1.6.14
arkings shown i
httery.

ay be on the battery, the sealing tab on the
the seallng tab and/or on the battery. 4.1.4. 1b)

c)

a
d
m
b

b) F
p
4
G vallowable batteries shall be given. Refer to IEC 60086-4:2014
(1 8
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Table 2 — Marking requirements

- 15—

Batteries with Small batteries
Marking the exception of P-system
small batteries batteries
a) Designation, IEC or common A A C
b)  Expiration of a recommended usage period or
year and month or week of manufacture. The
A B B
year and month or week of manufacture may
be in code
c) _Polarity of the positive (+) terminal A D
d) Nominal voltage /]
e) | Name or trade mark of the manufacturer or
supplier A E\ q B
f) Cautionary advice A B@ B
A: shall be marked on the battery w
B: maay be marked on the immediate packing instead on the battery
C: may be marked on the battery, the sealing tab or the immediate pa ing
D: may be marked on the sealing tab and/or on the battery
a8 (aution for ingestion of swallowable batteries shall be g|v n. R to IE 60M014 (7.2a) and 9.2)|and
IEC 60086-5:2011 (7.11) and 9.2) for details.
4.1.6|
Mark local
legal
4.1.7
Prim ed’in the IEC 60086 series can be categorizgd by
their or a new battery system, its interchangeabiliy by

. [They

Voltage range 1, U, = 1,4 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, = 3,2 V: Batteries having a standard discharge voltage m x Us equal to or
within the range of n x 2,72 V ton x 3,68 V.

The term standard discharge voltage and related quantities, as well as the methods of their

determination, are given in Annex D.

2 The standard discharge voltage U, was introduced to comply with the principle of experimental verifiability.
Neither the nominal voltage nor the maximum off-load voltage complies with this requirement.


https://iecnorm.com/api/?name=e9bc3755403ad4b799ba282e476a46bd

-16 - IEC 60086-1:2015 © IEC 2015

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 3

V, i.e. systems B, C, E, Wand Y.

Because batteries from voltage range 1 and voltage range 2 show significantly different

discharge—voltages.—theyv shall be designed-to-be phvsically _non-interchangeable—Before
U. i J 7 7J i J N Lo 7J J . J

standardizing a new electrochemical system, its standard discharge voltage shall be
detefmined in accordance with the procedure given in Annex resolve its
inter¢ghangeability by voltage.
WARNING Failure to comply with this requirement can present safety hazards to g osion,
leakade and/or device damage. This requirement is necessary for safety and operati
4.2 Performance
4.21 Discharge performance
Discharge performance of primary batteries is spe
4.2.2 Dimensional stability
The fimensions of batteries shall conférm with en in
IEC §0086-2 and IEC 60086-3 at all dard
cond|tions given in this spgCification
NOTE|1 An increase in baftery heig occur/with button cells of the B, C, G, L, P and S sysgtems,
if discharged below end-poi
NOTE|2 For certaln cur as
dischgrge continues.
4.2.3

this

The faximum open-circuit voltage of batteries shall not exceed the values given in Table

4.2.E SUIV;DU uutput

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

mis-use as prescribed in IEC 60086-4 and IEC 60086-5 shall be considered.
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5 Performance — Testing

5.1 General

For the preparation of standard methods of measuring performance (SMMP) of consumer
goods, refer to Annex E.

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 electrical
discharge test methods can vary.

The following factors/variables dramatically impact on optimum capacity reali

The current demand from the external electrical circuit/device.
The frequency of current demand. (Continuous or intermittent

The minimum voltage at which the device will satisfactorily age).

Q O T o

) The temperature of operation.

From the variables listed in a) to d), high current demand 3 seriods coupled with a
high |cut off voltage and low temperature represenj the case onditions resulting in
significant capacity loss.

Becaluse the electrically or chemically, i i / battery cannot be reliably
used|in any calculation of ultimate battery * t is nevertheless essential to cgnvey
to th [ us€d in typical battery powered
devides. gnated ‘application tests’ (defingd in
6008p6-2) may not entirely replicate a d icatio re being many variations each with
diffeing electrical requirepents ip urthermore battery performance may be
furthér affected by one or iti i to d) above.

The following has flje e » ived from ISO/IEC Guide 36:1982.

5.2 Dischargetes

5.2.1
The dlischarde tests i i dard fall into two categories:

— applie

— service outputrtests.

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 givenin 52 2

5.2.2 Application tests

5.2.21 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.

d) If the data are concentrated in two or more widely separated groups, more than one test
may be required.
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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 into
consideration:

— discharge efficiency of the battery relative to the application.

— typical duty cycle use patterns for the application.

— total time to conduct the test 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 nece
repre

to effectively
efistics |of a

parti

The always
poss . i iti i e d - ent a category
of equi i

Nevertheless, in spite of these limitations, the deriv€d apphcation‘test is the best approach

know quipment.

NOTE inimi i i icaii 5, ified target to be those accopnting
for 80 i i

5.2.2,

For application test with ad oxder during a cycle shall start with the
heav i

5.2.3

For e load resistor should be selected such thaf the

servif

When full capas ty is wofealized within the required time scale, the service output may be
exter 3 G i duration thereafter by selecting a discharge load of hjgher
ohmi i i

5.3 Confortmance\cheéeck to a specified minimum average duration

In ofder,te check "the conformance of a battery to any discharge tests specifigd in
IEC T0086-2 and 60086-3, the test shall be carried out as follows:

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

c) 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.

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.
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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 standard, conditional acceptance may

be given after completion of the initial discharge tests.

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

5.

4 Calculation method of the specified value of a minimum average duration

This method is described in Annex F.

5.

Oper}-circuit voltage shall be measured with the voltage measuring £
6.

5.

Dimgnsions shall be measured with the measuring equipmé

5.

5 OCYV testing

bd in
8.1|

6 Battery dimensions

7 Leakage and deformation

After|the service output has been determined pecified_environmental condifions,

the discharge shall be continued in t
first fime below 40 % of the nominal
and 4.2.3 shall be met.

NOTE|
IEC 60086-3:2011.

r the
h.2.2

b 8 of

6 PRerformance —
6.1 Storage @d
Stors well-
defin pply.
Disc
Q&b\3 Conditions for storage before and during discharge testing
Storage conditions Discharge condition$
Type of-test Temperature Relative Temperature Relat|ve
R humidity Duration R humidjity?
c % RH ¢ % RH
B0 days maximum
Initial discharge test 20+24 55 + 20 after date of 20+ 2 55 +20/ -40
manufacture
Delayed discharge test 20+22 55+ 20 12 months 20+ 2 55 +20/ -40
Delayed discharge test c
(high temperature) ® 45 + 2 55+ 20 13 weeks 20+ 2 55 +20/ -40

a

b

During short periods the storage temperature may deviate from these limits without exceeding (20 + 5) °C.

This test is carried out when a storage test at high temperature is required. Performance requirements are the
subject of agreement between the manufacturer and the customer.

Batteries to be stored unpacked.

Except “P” system: (55 + 10) % RH.
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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.

During this period the batteries shall be kept at (20 + 2) °C and (55 + 20 / -40) % RH (except
for P-system batteries where the relative humidity shall be (55 + 10) % RH).

At least 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

86-3
rvice

In or
until
outpy

6.3.2

When IEC 60086-2 or IEC 60086-3 specify service ¢ test,
battefi i [ F

6.4

The
specffi

€ as

Whe
4 tog

[able

Values in|

ohms

1,00

1,50

1,60

1,80

2,00

2,20

3,30

3,60

3,90

4,30

4,70

<

6,80

7,50

8,20

9,10

JE
o
6.5 Time.perio

The ;l)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 4 h 12 h

24 h (continuous) -

Other cases are specified in IEC 60086-2, if necessary.
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6.6

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

Test condition tolerances

Table 6 — Test condition tolerances

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

6.7

elect

6.8
6.8.1

The accuracy of the mea

of th
shall

6.8.2

The
of th

7

rd .Y

The
many

Relative humidity

+20/-40 % RH

except 'P' system + 10 % RH (

Time “accuracy” Discharge time ¢, Tolerayc\g\ )
0<r,<2s +5 %%f 15\

2s<1,<100s Crora\ .\
1,>100's o

Activation of ‘P’-system batteries

Fical measurement.

Measuring equipment

b value of the lag

facturer and the purchaser.

use ofssampting plans or product quality indices should be agreed between

nt of

50 %
ment

50 %

the

Where no agreement is specified, refer to ISO 2859 and ISO 21747 for sampling and quality
compliance assessment advice.

8 Battery packaging

A code 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
places of the world.

c) The battery is produced by at least two independent manufacture At holder(s)
of which shall conform to the requirements contained in 2.14 of \{} ( Directives,
art 1, Reference to patented items.

d) Tlhe battery is produced in at least two different countries<or, i he battgry is
purchased by other international and independent battge ars and sold ynder
their company label.

The jtems of Table A.1 shall be included in any néw wor ; o standardize a| new
indivldual battery or electrochemical system.

Table A.1 - I@s{ce sdary t stgi

Individual battery /X Electrochemical system

Confofmance statement to items a) to d) above\ ('\ &Mm}me statement to items a) and b) abovg

Desigpation and electrochemicgf/sy\@m/'\\ 3 Re%ﬂmended designation letter

Dimerjsions (including drawi’n\gs) N)egative electrode

N

Discharge conditions L Positive electrode

Minimpm average d rat%ﬂ(s} { \/ Nominal voltage
AN 2

Maximum open circuit voltage

> Electrolyte
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Annex B
(informative)

Recommendations for equipment design

B.1 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
accou |n|' al‘ anlﬂn |nr\ophnn \Alhnnn\lnr pncelhlo H'\o hoﬂ'nry hlr\a colnr\i’nr] ehr\lllrl l'\ one

incluged in IEC 60086-2. The equipment should be permanently mark with the| IEC

designation, grade and size of battery which will give optimum performang

B.2 | Battery compartment

B.2.1 General

Design compartments so that batteries are easily inserte q [ sions
and ¢esign of compartments and contacts should b s i ith this
standard will be accepted. i i i the
toIerI]nces given in this standard, even if a natipmal\stza ‘ calls
for smaller battery tolerances

The design of the negative contact should wak gttery
terminal.

Clearly indicate the type(of battg € i i i ions for
insertion.

Use the shape aptior imgnsjonsxofthe positive (+) and negative (-) battery terminals in
compartment de S i i ative
(=) Hattery contac rting

battefies.

Battgry compgartm electrically insulated from the electric circuit and positijoned
so a$ to minini ! age and/or risk of injury. Only the battery terminals should
phys|cak act. YR ric circuit. Care should be taken in the choice of materials anf the
design of ensydre that effective electrical contact is made and maintained ynder

condjtions of usg even with batteries at the extremes of dimensions permitted by this standard.
Battdry and.-equipmeént terminals should be of compatible material and low eledtrical
resisfance.

Battery compartments with parallel connections are not recommended since a wrongly placed
battery will result in charging conditions.

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:—, 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

Apparatus should be designed to prevent children from removing
following methods:

A todl, such as a screwdriver or coin, is required to open the batiery comgpartme

The [battery compartment door/cover requires the
independent and simultaneous movements of the seguring

If scfews or similar fasteners are use
battery compartment, the fasteners ¢
doorfcover. This does not apply to side™p
the functioning of the equipment and w
equipment.

B.3 | Voltage cut-off

In orger to prevept\
voltape cut-off s

sattery being driven into reverse, the equip
efy manufacturers' recommendation.

f the

two

b the
h the
y for
f the

ment
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Annex C
(normative)

Designation system (nomenclature)

C.1 General

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

the type of tearminale rata canahilitvy and cnacial charactarictics
YPe-o—toHHhats—ato-capaphityahaSpPociar—eratacteHStHES-

This pnnex is divided into two clauses:

— (ause C.2 defines the designation system (nomenclature) in us

— (Clause C.3 defines the designation system (nomenclature) j D0 to
apfcommodate present and future needs.

C.2 | Designation system in use up to October

C.2.1 General

This clause applies to all batteries whj Q 7 p to October 1990 angd will

remafin valid for those batteries after that d

C.2.2 Cells

A cell is designated by a i d by a,number. The letters R, F and S define

roundl, flat (layer built) a iYely. The letter, together with the follqwing

number3, is defined by ' \ ions

Whe i i thegriaximum dimensions of the battery instead gf the

nomi the s n Tables C.1, C.2 and C.3. Note that these tabl¢s do

not ipclude electrog i the no letter system, or other modifiers. These pther

parts| (o)) » gnclature) follow in C.2.3, C.2.4 and C.2.5. These tables

only ' ignations for single cells or single batteries.

NOTE i i ese batteries are given in IEC 60086-2 and IEC 60086-3.

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

Dimensions in millimetres

Physical designation

Nominal cell dimensions

Maximum battery dimensions

Diameter

Height

Diameter

Height

R06

R03

RO1
RO
R1

10

11

22

19

10,5
12,0

12,0

44,5
14,7

R3
R4
R6
R9

R10

R12

R14

R15

R17

R18

R19

R20

R22

R25

R26

R27

R40

R41

R42

R43

R44

R45

R48

R50

R53
R54
R85
R56

13,5
13,5

25
38

16,4
23,2
11,6
11,6
11,6

172,0

11,4
6,1

3,05
21
2,6

R57
R58
R59
R60
R61
R62
R63
R64
R65
R66
R67

9,5
7,9
7,9
6,8

5,8
5,8
5,8
6,8
6,8
7,9

2,7

21

2,6
2,15

1,65
2,15
2,70
1,65
2,60
1,65
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Nominal cell dimensions Maximum battery dimensions
Physical designation
Diameter Height Diameter Height
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.

Table C.2 — Physical designation and nominal overall dimensions of flat cells

Dimensions in millimetres

Phys|cal designation Diameter Length Width [ Thickness
F15 - 14,5 145 ¢\
F16 - 14,5 14,
F20 - 24 5
F22 - 24 13,5
F24 23 -
F25 - 23 23 6,0
F30 - 32 21 3,3
F40 - 32 Q 53
F50 - 32 3,6
F70 - 43 43 5,6
F80 43 6,4
F90 43 7,9
F92 37 5,5
F95 38 7,9
F100 - Q 60 45 10,4
NOTH The compleﬁe\)%ﬁ\%ns of these atte s% given in IEC 60086-2.
Table C. Q}% ion and dimensions of square cells and batteries
{\ Dimensions in millimetres
PhyS| | Nom\al cell dimensions Maximum battery dimensions
des'g"atm \Eené\h Width Height Length Width Height
s4 \) - - 57,0 57,0 125,0
S6 57 57 150 - - -
S8 - - - 85,0 85,0 200,0
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
tables because of their use in national standards.

c.23

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.
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C.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.

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 hattery contains maore than one section, each section is designated separately ith a
slasH (/) separating their designation.

C.2.5 Modifiers

In or
diffen
termi

B are
ts or

C.2.4

R20 | zinc

LR2( xide-
3R12 ,| zinc

4R25 ,| zinc

pring

C.3

C.3.1

This ¢
The f the
batte bm a

cylindrical enyelepe, ahd a height related concept for all batteries, round (R) and non- round P)-

This [clausé also applies to single-cell batteries and multi-cell batteries with cells in series
and/¢rparallel connection. |e

For example 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 in this
clause.

C.3.2 Round batteries
C.3.21 Round batteries with diameter and height less than 100 mm
C.3.2.1.1 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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