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INTERNATIONAL ELECTROTECHNICAL COMMISSION

PRIMARY BATTERIES —

Part 1: General

FOREWORD

1) The IEC (International Electrotechnical Commission) is a worldwide organization lomprising
all national electrotechnical committees (IEC National Committees). The opje promote
internfitional co-operation on all questions concerning standardization in the e ctnal elds. To
this ehd and in addition to other activities, the IEC publishes Internatig aration is
entrudted to technical committees; any IEC National Committee interk with may
participate in this preparatory work. International, governmental angd s liaising
with fhe IEC also participate in this preparation. The Prnational
Organfization for Standardization (ISO) in accordance with condi ween the
two ornganizations.

2) The f sible, an
interngtional consensus of opinion on the relevant subje sentation
from gll interested National Committees.

3) The dpcuments produced have the form of\xeco the form
of stgndards, technical specifications, techwjcal National
Comniittees in that sense.

4) In order to promote international unificatin i nittees undertake to apply IEC International
Standprds transparently to their national and regional standgrds. Any
divergence between the IEZ { qrregponding national or regional standard shall be clearly
indicafed in the latter.

5) The IEC provides no ma e for any
equipment declared to

6) Attentjon is dra e subject
of patent rights.

Internat iftee 35:

Primary

This nint and 2,

publishd

The tex

FDIS Report on voting
35/1131/FDIS 35/1141/RVD

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

voting indicated in the above table.

This publication has been drafted in accordance with the ISO/IEC Directives, Part 3.

Annexes A, B, C, D and E form an integral part of this standard.

Annex F, G and H are for information only.
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The committee has decided that the contents of this publication will remain unchanged until
2001. At this date, the publication will be

e reconfirmed;

¢ withdrawn;

« replaced by a revised edition, or
¢ amended.

IEC 60086 consists of the following parts, under the general title: Primary batteries:

— Part 1: General

— Part|2: Physical and electrical specifications1)

— Part|3: Watch batteries

— Part|4: Safety of lithium batteries

— Part|5: Safety of batteries with aqueous electrolytel)

A bilingpal version of this standard may be issued at a latey

W

1) To be published.
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INTRODUCTION

The technical content of this part of IEC 60086 provides fundamental requirements and
information on primary cells and batteries. In this sense, part 1 is the main component of
IEC 60086 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).

The objective of IEC 60086-1 is to benefit primary battery users, device designers and battery
manufacturers by ensuring that batteries from different manufacturers are interchangeable
according to a standard form, fit and function. Furthermore, to ensure campliance with the

above, this part specifies standard test methods for testing primary cells ahd batteries

Over the years, this part has been changed to improve its caoute
continual scrutiny to ensure that the publication is kept up to date wi
battery [and battery-powered device technologies. This current
reformalting initiative, as well as some content changes, aii
friendly| less ambiguous, and on a cross-reference basis, {ull

IEC 60086 (such as IEC 60086-2 and IEC 60086-3).

NOTE Sgfety information has been removed from IEC 60Q8 availgble in

B
S

IEC 600

5 under
in both
ult of a
e user-
parts of

86-4 and
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PRIMARY BATTERIES —

Part 1: General

1 Scope

The purpose of this part of IEC 60086 is to standardize primary batteries with respect to their
electrochemical system, dimensions, nomenclature, terminal configurations, markings, test
method§, Typical performance, safefy and environmental aspects.

2 Normative references

The foll
constitu
amend

agreem
applying
referend
and 1SQ

his text,
sequent
hrties to
bility of
Lindated
5 of IEC

IEC 600
IEC 600
IEC 600
IEC 600
IEC 604

IEC 614
symbol

ecycling

ISO 391

< ent non-
conformi

ISO/IEQ Difectives — Part 2: 1992

3 Definitions

For the purpose of this part of IEC 60086, the following definitions apply.

3.1
application test
test which simulates the actual use of a battery in a specific application, for example "portable

lighting", "tape recorder" or "transistor radio" test

2) To be published.
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3.2
discharge (of a primary battery)
operation during which a battery delivers current to an external circuit

3.3
dry (primary) battery
primary battery in which the liquid electrolyte is immobilized

3.4
effective internal resistance — DC method

resistance of any electrical component determined by calculating the ratio between the

voltage [drop AU across this component and the range ol current 4N
componjent and causing the voltage drop R = AU/ Ai

NOTE Ak an analogy, the internal d.c. resistance R; of any electrochemical cell A
relation:

AU (V)

RN

The intgrnal d.c. resistance is illustrated by the schematic vo

KO

g

AU,

r
AU | Q
AUG) U, SN ]

r ng >~ )\M A0

ent as given b

¢S At

isfe 1 — Schematic voltage transient

As can

nature, ps show e following relation:

AU = AUg + AU (1)

IEC 2178/2000

g” diagram, the voltage drop AU of the two components d

SSing throyigh this

following

1)

Elow:

iffers in

(2)

The first component AUq for (t = t;) is independent of time, and results from the increase in

current Aj according to the relation:

AUg = Ai X Rg

(3)

In this relation, Rg is a pure ohmic resistance. The second component AU (f) is time

dependent and is of electrochemical origin.

3.5
end-point voltage
specified closed circuit voltage at which a service output test is terminated

3.6
leakage
unplanned escape of electrolyte, gas or other material from a battery
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3.7
minimum average duration (MAD)
minimum average time on discharge which is met by a set of batteries

NOTE The discharge test is carried out according to the specified methods or standards and designed to show
conformity with the standard applicable to the battery types.

3.8
nominal voltage of a primary battery
suitable approximate value of voltage used to identify the voltage of a primary battery

3.9

on-load[voltage

closed gircuit voltage (CCV)

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

3.10
open-cifcuit voltage (OCV)

off-load|voltage

voltage l[across the terminals of a battery when no external

3.11
primary [battery
one or more primary cells, including cg

3.12
primary|cell

source of electrical energy
to be cHarged by any othe

on of chemical energy not designed

the gct
onrce
3.13

service putput (of a pri o\
service Jife, or cty, s A battery under specified conditions of disgharge

3.14
service
test ded|i

NOTE A

a) an apph
b) thed

3.15
storage e
duration, under specified conditions, at the end of which a battery retains its ability to perform
a specified service output

3.16
terminals (of a primary battery)
conductive parts provided for the connection of a battery to external conductors
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4 Requirements

4.1 General
4.1.1 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.

aken into
lectrical
nditions

When destgning—p ettes—the—aforementio considerat
account. Specifically, their dimensional conformity and stability, th

performpnce and their safe operation under normal use and foreseg
shall belassured.

4.1.2 Battery dimensions

The dimensions for individual types of batteries are given i 3E B6-3.

4.1.3 Terminals

Termingls shall be in accordance with

Their physical shape shall be designed ensure that the batteri¢gs make

and maintain good electrical contact at 2

They shall be made of
protectipn.

4.1.3.1 |Contact pkressure resista
When nnentionedii g

electrical conductivity and cprrosion

heets in

IEC 600
— afo contact
area prevent

satig
NOTE Spe

4.1.3.2

This type.efsterminal is used for batteries which have their dimensions specified accqrding to
figures I, 2,3 or 4 of tTEC 60086-2, and which ttave the cytindricat side of the battery imsulated
from the terminals.

4.1.3.3 Cap and case

This type of terminal is used for batteries which have their dimensions specified according
figures 2, 3 or 4 of IEC 60086-2, but in which the cylindrical side of the battery forms part of
the positive terminal.

4.1.3.4 Screw terminals

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

These are essentially flat metal surfaces adapted to make electrical contact by suitable

contact mechanisms bearing against them.

4.1.3.6 Flat or spiral springs

These contacts comprise flat metal strips or spirally wound wire which are in a form that

provides pressure contact.

4.1.3.7 Plug-in sockets

These gre made up of a suitable assembly of metal contacts, mounted In dn In
or holdipg device and adapted to receive corresponding pins of a matin

4.1.3.8 |Snap-fasteners

These ¢ontacts are composed of a combination comprising
positive|terminal and a socket (resilient) for the negative termi

They shall be of suitable metal so as to provide effigi
the corrpsponding parts of an external circuit.

4.1.3.8.1 Spacing of contacts

The spacing between the stud and socket i
centre tp centre. The stud always forry
connectjon on the battery.

able 1

AN aN
Nomimal wolta \%ndard Miniature
ORI | ™
9\/\

35+0,4 12,7 £0,25

4.1.3.8.

Dimensk

lated [housing

for the

bined to

es from
egative

All dimé ecified are free. The shape of the stud shall be chosen so that the

dimensipns, specified’are conformed to.

IEC 2179/2000

Figure 2 — Standard stud
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| \ \
17

IEC 2180/2000

Figure 3 — Miniature stud

Table 2 — Snap-fastener connectors

Standard Miniature
mm mm

a 7,16 £ 0,05 5,7%&6&\ N
5 AN

b
6,658 5,38 2Q,

4.1.3.8.8 Resilientsnap
Dimensfons and rgu'

The dim
such. T

cified as

e standardized studs can be properly mated;
b) good ele 8 maintained.

Wire lead i i i i i i ation may
be cotton braid or suitable plastic. The posmve termlnal wire covering shall be red and the
negative black.

4.1.3.10 Spring clips

Spring clips are generally used on batteries not readily available to the consumer, when the
corresponding parts of the external circuit are not precisely known. They shall be of spring
brass or of other material having similar properties.
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4.1.4 Classification (electrochemical system)

Primary batteries are classified according to their electrochemical system.

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

The electrochemical systems that have been standardized up to now are given in table 3.

Table 3 — Standardized electrochemical systems

Meodmum
Letter 3233%2 Electrolyte Positive electrode eglg;;uit
\Y
- Zinc Ammonium chloride, Manganese dioxide ,7‘%
Zinc chloride
A Zinc Ammonium chloride, Oxygen w \ 1,5b
Zinc chloride {\ \
B Lithium Organic electrolyte Carbon mongﬂﬂvﬁdg \N 3,1
C Lithium Organic electrolyte Manganes{dio/x'r%e \ ; 3,7
E Lithium Non-aqueous inorganic Thion(l’éQW%/Sg‘S{z) N 3,6 3.9
F Lithium Organic electrolyte < Ir(a‘sul(ﬁje (F%SZU ‘\, 1,5 1,83
G Lithium Organic electrolyte éng}e\r(ll)\cQ(ide\CC‘u\O)/ 1,5 2,3
L Zinc Alkali metal hydroxide F Man}mésg dwe 1,5 1,6b
P Zinc Alkali m;@ hydroxide \ O%en \ 1,4 1,6B
s || zinc Alkali S\Qtamkc(roxide Silver OWAQZO) 1,55 1,68
NOTE|1 The value of the™omi 0 \ iflable/ therefore it is only given as a reference.
NOTEJ|2 The maxifaum ircyi isNneasyred as defined in 5.4 and 6.7.1.
NOTE|3 When n an electrackemical system, common protocol is to list negative electrode first,
followed by positive eke{#@\ } i ulfide.

415 D

The dg ary batteries is based on their physical parameterg, their
electrod ell as modifiers, if needed.

A comg i anation of the designation system (nomenclature) can be fpound in
annex A.

4.1.6 Marking
4.1.6.1 General

With the exception of batteries designated as small, each battery shall be marked with the
following information:
a) designation;

b) year and month or week of manufacture, which may be in code, or the expiration of a
guarantee period, in clear;

c) polarity of terminals (when applicable);
d) nominal voltage;
e) name or trade mark of the manufacturer or supplier.
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4.1.6.2

Small batteries

a) When this subclause is invoked in IEC 60086-2, 4.1.6.1a) and 4.1.6.1c) shall be marked
on the battery. Subclauses 4.1.6.1b), 4.1.6.1d) and 4.1.6.1e) may be given on the

imm

ediate package 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 of the battery and/or on the battery.
Subclauses 4.1.6.1b), 4.1.6.1d) and 4.1.6.1e) may be given on the immediate package
instead of on the battery.

c) Caution for ingestion of small batteries shall be taken. Refer to IEC 60086-4 and

IEC

4.1.6.3

Marking of batteries with respect to the method of disposal shall be j

legal re

4.1.7

Primary
standar

assessd

where

n isth

m is th

Current

are ider

Voltage

Voltage

or within

nterchangeability: battery voltage

60086-5 for details.

Marking ot batteries regarding method of disposal

NCEN\W|

Juirements. Where required, refer to IEC 61429.

The term standand” dischafge voltage and related quantities, as well as the methods

determi

NOTE F
n will be

8n in annex G.

brSingle-cell batteries and for multi-cell batteries assembled with cells of the same voltage ran

th local

Dy their

¢ltage is

d. They
nge.

bqual to

pqual to

of their

pe, m and

} " I ! T bbb — L oo drmrres k lob-arrl l He—f Lbs
acihiacarl, 7177 arta 77wl Ut UlticTTITT TOT TITUTU=LTIT UAdtlTlicS 1T asSSTIToICU Wil LTS 1TTUTIT a UlliciT

range than those of an already standardized battery.

1t voltage

Voltage range 1 encompasses all presently standardized batteries with a nominal voltage of

about 1

5 (V), i.e. "no-letter" system, systems A, F, G, L, P and S.

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

about 3

(V), i.e. systems B, C and E.

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

WARNING

Failure to comply with this requirement can present safety hazards to the user, such as fire,
explosion, leakage and/or device damage.

This requirement is necessary for safety and operational reasons.

4.2 Pefformance

4.2.1 Discharge performance

Discharpe performance of primary batteries is specified in IEC 60€

4.2.2 Dimensional stability

The dimensions of batteries shall conform with the re imehsions as |given in
IEC 60086-2 and IEC 60086-3 at all times during testing~ gdard conditiops given
in this specification.

NOTE 1 |An increase in battery height of 0,28 | $of'the B, C, G, L and P gystems, if
discharged below end-point voltage.

NOTE 2
discharge| continues.

occur as

4.2.3 Lpakage

When | in this

specific
42.4 Q

The maki

425 S

Discharf jiven in

IEC 600

4.2.6 §

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

5 Performance — Testing

5.1 General

For the preparation of standard methods of measuring performance (SMMP) of consumer
goods, refer to annex H.
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5.2 Discharge testing
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 methods of determining the load and test conditions are as follows:

5.2.1 plication tests

a) Thelequivalent resistance is calculated from the average current
voltage of the equipment under load.

Derating

b) The[functional end-point voltage and the equivalent resistance Pom the

data on all the equipment measured.

c¢) The|median class defines the resistance value and the~end:-point3lta be lised for
the glischarge test.

d) If th
may|be required.

bne test

e) In delecting the daily discharge period, t 2 ment is
congidered.

The dai n of the

total wegkly usage.

NOTE 1 |Some fixed resistance te t iths lity of the

test equigment, despite the fact that i Hic\ NCES, may be a

better representation of the applisations

In the fyture, alternati that the
load cHaracteri ic\ y of equipment will change with tinje in a
developlng techn

The precise deted
possiblg. The disc
of equip i

always
are at best a compromise selected to represent a ¢ategory
pdely divergent characteristics.

Neverthetess, ¥ N\ ite pese limitations, the derived application test is the best approach
known f jon>6f battery capability for a particular category of equipment.

NOTE 2 |Insorder to minithize the proliferation of application tests, the tests specified should be those gccounting
for 80 % ¢f\the’market by battery size.

5.2.2 Service output tests

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

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


https://iecnorm.com/api/?name=2190b09ded6b21377be44698d9ec0a87

~16 - 60086-1 © IEC:2000(E)

5.3 Conformance check to a specified minimum average duration

In order to check the conformance of a battery, any of the application tests or service output
tests specified in IEC 60086-2 and IEC 60086-3 may be chosen.

The test shall be carried out as follows:

a) Test nine 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

congideredtoconformto—serviceotutput:

d) If this average is less than 80 % of the specified figure and/or more 'y has a
servjce output of less than 80 % of the specified figure, repeat the sample
of nine batteries and calculate the average as previously.

e) If th and no
mors igure, the
batts

f)y If the han one
batts ries are
cons

NOTE Djscharge performance of primary batt
5.4 Calculation method of the specified

This megthod is described in annex D.

5.5 0OQV testing

Open-cifcuit voltage sha

tery dim@

hev ge measuring equipment specified in[6.7.1.

5.6 Ba

Dimens e ‘measuring equipment specified in 6.7.2.

5.7 Ledgkag
After th ite B as been determined under the specified environmental cofditions,
the disc all Kexc nued in the same way until the closed circuit voltage drop$ for the

first tim ‘ o\of the nominal voltage of the battery. The requirements of 4.1)3, 4.2.2
and 4.2

NOTE Fhrwatch batteries the visual examination for leakage shall he carried out in accordance with clause 9 of
IEC 60086-3.

6 Performance — Test conditions

6.1 Pre-discharge conditioning

Storage before discharge testing and the actual discharge test is carried out under well
defined conditions. Unless otherwise specified, the conditions given in table 4 shall apply.
Discharge conditions shown are further referred to as standard conditions.
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Table 4 — Conditions for storage before and during discharge testing

Storage Relative Discharge Relative
Type of test conditions humidity Duration conditions humidity
°C % °C %
Initial discharge test 20+2a 60 £ 15 60 days maximum after 20+2 60 + 15
date of manufacture

Delayed discharge test 2022 60 + 15 12 months 20+ 2 60 + 15

Delayed discharge test | 45, 5 ¢ 50 £ 15 13 weeks 20+ 2 60 + 15
(high temperature)

a During short periods only, the storage temperature may deviate from these limits without exceeding 20 °C £ 5 °C.

b This tgstisTarTed our wheTr a Storage testat g temperatare S Tequited. Perfo
subjeg¢t of agreement between the manufacturer and customer.

¢ Batterjes to be stored unpacked.

&

rmarice re

6.2 Commencement of discharge tests after storage

The perjiod between the completion of storage and the st

not excg¢ed 14 days.

During this period the batteries shall be kept at

At least

6.3 Digqcharge test conditions

In ordell to test a battery N
on load| drops for the[fi

expressed as a duzati
When I

meet all

W"&"e” are the

st shall

arting a

voltage
may be

The val Lesistive load (which includes all parts of the external circuit) shall be as

specifie

When formulating~e
be as fgllows:

tests, the resistive load, expressed in ohms, shall, whenever gossible,

1,00 1,10 1,20
2,20 2,40 2,70
4,70 5,10 5,60

1,30
3,00
6,20

1,50 1,60
3,30 3,60
6,80 7,50

together with their decimal multiples or sub-multiples.

1,80
3,90
8,20

2,00
4,30
9,10
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e periods

The periods on-discharge and off-discharge shall be as specified in IEC 60086-2.

2000(E)

When formulating new tests, whenever possible one of the following daily periods should be

adopted:

1 min
1h

5 min 10 min 30 min
2h 4 h 24 h (continuous)

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

6.6 Acfivation of ‘P’-system batteries

A perio

electricgl measurement.

6.7 Mejasuring equipment

6.7.1 Vljoltage measurement

of at least 10 min shall elapse between activation a enc

The acduracy of the measuring equipment shall be 0,25 G cision shall b

of the Vfalue of the last significant digit. The intérnal re

shall be

6.7.2 Mechanical measurement

The acduracy of the measuging equip
of the value of the last sig ant/digi

The usH

and purghaser.

Where

7.1.1 T

When tq

21 MQ.

of samp

sting by attributes is required, the sampling plan chosen shall be in accorda

ment of

P <50 %

trument

e <50 %

facturer

nce with

the spekifications—of4EC-60410—Fhe—individualparam

atarc tn ha tactad and tha An e table
cificatio individual-parameters—to—be—tested—and—the—acdep

guality level (AQL) values shall be defined (a minimum of three batteries of the same type

shall be

tested).

7.1.2 Testing by variables

When testing by variables is required, the sampling plan chosen shall be in accordance with
ISO 3951. The individual parameters to be tested, the sample size and the acceptable quality
level (AQL) shall be defined.

7.2 Product quality indices

Consideration may be given to utilizing one of the indices below as a means for assessing
and ensuring product quality.
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7.2.1 Capability index (Cp)

Cp is an index that represents the capability of a process. It explains how much of the
tolerance range could be used up by the within sample process variation, ¢’, and is defined as

Cp = (USL-LSL)/Process Width where Process Width is expressed as GE/dz. If the ratio is
>1 and centered, the process is capable of making parts to specification. However, at Cp = 1,

automatically 2 700 parts per million are outside of specifications.

NOTE USL = upper specification limit; LSL = lower specification limit.

7.2.2 Capability index (Cpk)

Cpk is another process capability index that tells whether the process is ecapable of

eeting

tolerandes and whether the process is centered around the target value.

Like Cp, it is assumed the samples come from a stable proces
variatiof), measured as within sample variation, R/d,, from the c

Cpk is the minimum of:

7.2.3 Performance index (Pp)
Ppis a

by the t
becausq

7.2.4 Performance index(Bpk

Ppk is another 3 at is a measure of actual process perfq
as Pp apove, but ke i

Ppk is the minim

where g~

he tolerance range is
oW the system is actually pe
0’7 is calculated by taking

random
E R/ d2 .

Lsed up
forming
all the

rmance

8 Batterypackaging

A code of practice for battery packaging, shipment, storage, use and disposal can be found in

annex B.
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Annex A
(normative)

Designation system (nomenclature)

2000(E)

The battery designation system (nomenclature) defines as unambiguously as possible the
physical dimensions, shape, electrochemical system, nominal voltage and, where necessary,
the type of terminals, rate capability and special characteristics.

This anmex is divided into two clauses.

A.1 defi

A.2 defi
present

Al D

nes the designation system (nomenclature) in use since
and future needs.

remain Yalid for those batteries after thé

A.1.1 Cells

A cell i3 designated by a capital lettek fol ber. The letters R, F and
round, flat (layer built) and : i . The letter, together with the f
numberf), is defined by a % i

Where & single-c i iffed Dt rRaximum dimensions of the battery insteg
nominall dimensi . i intables A.1, A.2 and A.3. Note that these ta
not inclfide electr e pxeept fornthe no letter system, or other modifiers. The
parts of|the designal ¢lature) follow in A.1.2, A.1.3 and A.1.4. Thes
only prgvide core for single cells or single batteries.

and will

b define
Dllowing

d of the
\bles do
5e other
e tables

4) 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 A.1 — Physical designation and dimensions of round cells and batteries 1)

Nominal cell dimensions

Maximum battery dimensions

Physical designation mm mm
Diameter Height Diameter Height
R0O6 10 22 - -
R0O3 - - 10,5 44,5
RO1 - - 12,0 14,7
RO 11 19 - -
R1 - - 12,0 30,2
R3 13,5 25 - -
R4 13,5 38 - -
R6 - - 14,5 50,p
R9 - - 16,0 6,3
R10 - - 3R
R12 - - 0 }
R14 - - 50,p
R15 24 70 -
R17 25,5 17 -
R18 25,5 83 -
R19 32 17 -
R20 - - 61,p
R22 -
R25 -
R26 -
R27 - -
R40 67,0 172,
R41 7,9 3,6
R42 11,6 3,6
R43 11,6 4,7
R44 11,6 5,4
R45 - -
R48 7,9 5,4
R50 16,4 16,
R51 - -
R52 16,4 11,4
R53 23,2 6,1L
R5 11,6 3.,p5
R 11,6 2,
R56 - - 11,6 2,p
R57 - - 9,5 2,7
R58 - - 7,9 2,
59 = = 79 2.6
R60 - - 6,8 2,15
R61 7,8 39 - -
R62 - - 5,8 1,65
R63 - - 5,8 2,15
R64 - - 5,8 2,70
R65 - - 6,8 1,65
R66 - - 6,8 2,60
R67 - - 7,9 1,65
R68 - - 9,5 1,65
R69 - - 9,5 2,10
R70 - - 5,8 3,6

1) The complete dimensions of batteries are given in IEC 60086-2 and IEC 60086-3.
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Table A.2 — Physical designation and nominal overall dimensions of flat cells 1)
Dimensions in millimetres
Physical designation
Diameter Length Width Thickness
F15 14,5 14,5 3,0
F16 14,5 14,5 4,5
F20 24 13,5 2,8
F22 24 13,5 6,0
F24 23 - - 6,0
F25 23 23 6,0
30 32 21
F40 32
50 32
70 43
F80 43
90 43 7.9
92 54 5,4
95 54 7,9
100 104
1) The cpmplete dimensions of batteries are en\éQ\BOOéQ 2 an\({IE%/BO 86 3.
Thble A.3 — Physical designation and \\%uare cells and batteries 1)
NomwwmenSBS\\ } Maximum battery dimensions
Physigal mm
designaltion
qugthk Length Width Height
S4 - £ 57,0 57,0 125,0
S6 5% 5 > 150 - - =
S8 - - 85,0 85,0 200,0
S1d 5 180 - - =
1 The c wet\dimgws\\f batteri€s are given in IEC 60086-2 and IEC 60086-3.
In some which are not used in IEC 60086-2 have been retained In these
tables because use in national standards.

A.1l.2

Etectroctremicatsystem
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 3.

A.1.3 Batteries

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

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

cell designation and is connected to it by a hyphen.

If a battery contains more than one section, each section is designated separately, with a

slash (/) separating their designation.

A.1.4 Modifiers

In order to preserve the unambiguity of the battery designation, variants of one basic type are
differentiated by the addition of a letter X or Y to indicate the different arrangements or

terminals and C, P or S to indicate different performance characteristics.

A.1.5 Examples

R20 A battery consisting of a single R20-size cell of the zinc-z
chloride-manganese dioxide system.

LR20 | A battery consisting of a single R20-size cell of thé
manganese dioxide system.

3R12 | A battery consisting of three R12-size cells of
chloride-manganese dioxide system, connectg

He, zinc

Hroxide-

e, zinc

4R25X | A battery consisting of four R25-size cells g mcsammronium chlorigle, zinc

A.2 Designation system in use since

This clause applies to all batteries con ide@r

The bagis for this desjgnation omienclative) is to convey a mental conceq

battery
cylindrid

through the de

accomplished by using a diameter,
pt for all batteries, round (R) and non-roun

This cld all batteries and multi-cell batteries with cells i

and/or f

For ex . um diameter 11,6 mm and a height of maximum 54
design S ANDES d/by a code for its electrochemical system, as describe

clause.

spring

t of the
from a
d (P).

N series

L mm is
1 in this
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A.2.1 Round batteries
A.2.1.1 Round batteries with diameter and height less than 100 mm

The designation for round batteries with a diameter and height less than 100 mm is as follows:

Modifiers
(see note 2)

Numbef of cells or
parallel strings in
series (fee note 1)

Letter ¢lenoting
electroghemical system
(refer tp table 3)

an of
diameter (refer to

<
(

Code dengtin ( ode Waximum diameter
shape (R = rdund) (refer totable A.4 and A.2.1.1.1)

NOTE 1 llelts not specified.

NOTE 2 r example specific terminal arrangement, load capability ahd further
special ¢

A.2.1.1. 5Si he diameter code

The diam S ived from the maximum diameter.

The dia

a) assigned according to table A.4 in case of a recommended diameter;

b) assigned according to table A.5 in case of a non-recommended diameter.
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Table A.4 — Diameter code for recommended diameters

Code masimum drameter Code masimum drameter
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 25,0
10 10,0 26 26,2
11 11,6 28 8,0

12 12,5 30

13 13,0 32

14 14,5 34

15 15,0 36

16 16,0 38 x

17 17,0 \ 40,0

18 18,0 4 41,0
19 19,0 A 67,0

7
Table A.5 — Diameter<¢odeNfo com@meters
XX | C :

Maxifnum diametex (m
(intege

ecimal part of
aximum diameter

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

Code “C”

>

r X|l« T G&GmMmOO W

A.2.1.1.2 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).
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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 table A.6.

Table A.6 — Height code for denoting the hundredths of a millimetre of height

C

Maximum height
(tenfhs of a millimetre) [

Decimal part of height W
i cose €
A

0,00

0,01
0,02

0,03 4

0,04 E
0,05 Q G

NOTE T

EXAMP

LR1154 iameter
i metal

EXAMP

LR27A1 of a round cell or string in parallel with a maximum diameter

, and a maximum height of 11,6 mm, of the zinc-alkali metal

EXAMP

LR2616 y’consisting of a round cell or string in parallel with a maximum diameter
of 26,2 mm (table A.4), and a maximum height of 1,67 mm (table A.6), of the zinc-

alkali metal hydroxide-manganese dioxide system.
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A.2.1.2 Round batteries with diameter and/or height over or equal to 100 mm

The designation for round batteries with a diameter and/or height of over or equal to 100 mm

is as follows:

e B W

|_|

s

|_|

Number of cells or
parallel strings in
series

(see note 1)

Modifiers
(see note 2)

Letter denoting
electrochemical
system (refer to table 3)

in millimgtres

lntege;);\(haxwmm\rmgh

S

AN

“I” separating
height cod

_A\

[

N

\

Code denoting shape
(R = round)

N

NOTE 1 |The number of cells or strings in parg

Integer of maxmum>dia ter\
in millimetre, m

NOTE 2 |Modifiers are included to designate foy example

special chjaracteristics.
A.2.1.21 Method for assigning the dia

The diammeter code is deri

The dianeter code nu
millimetfes.

A.2.1.2.

The hei
express|

The makK

a) For
max

mum heig
b) For lall”other f terminal h

EXAMPLE

g'the overall height including the terminals.

maximum height i
excluding the terminals (i.e. shoulder-to-shoulder).

h

maximal

'\

hd further

pssed in

battery,

-2), the

veral

height

5R184/177 A round battery consisting of five cells or strings in parallel of the zinc-
ammonium chloride, 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.
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A.2.2 Non-round batteries

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.

For the de5|gnat|on the integer of the diameter of the cylinder in millimetres and the integer
Of the ma T ha h+ of hn hnﬂ-nru H—H Hhimatrac 1o Aannlingd

codH R ||\,|5 T O \. TCIoTC Ty HRHHREeHEeSHS TP PTTCoT

The maximum height is specified as follows:

a) For flat contact terminals, the maximum height is the overall heigkt incl

b) For |all other types of terminals, the maximum height i
excluding the terminals (i.e. shoulder-to-shoulder).

NOTE Ir] the event there are two or more terminals emerging from-diffe i e highest
voltage applies.

A2.2.1 Non-round batteries with dimensions |

The degignation for non-round batten@ ngions\les i S:

e = )—% |
Number of cells or /\(\ \ Modifiers
barallel strings in (see note 2)
beries (see<n§

> Integer of the maximum height

of the battery expressed

in millimetres
tter denotln eIe troghiemtcal \/

Integer of the diameter expressed in millimetrep
(see note 3) of the cylindrical envelope

encompassing the maximum /and w dimension

Coyge denoting shape of the surface from which the terminals first
P/= non-round) emerge

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

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

NOTE 3 In case the height needs to be discriminated in tenths of a millimetre, the letter code shown in table A.7
applies.

EXAMPLE

6LP3146 A battery consisting of six cells or strings in parallel of the zinc-alkali metal
hydroxide-manganese dioxide system, connected in series with a maximum
length of 26,5 mm, a maximum width of 17,5 mm, and a maximum height of
46,4 mm.
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The integer of the diameter of this surface (/ and w) is calculated according to:

1?2 +w? =31,8 mm; integer = 31.

A.2.2.2 Non-round batteries with dimensions equal to or over 100 mm

The designation for non-round batteries with dimensions equal to or over 100 mm is as
follows:

S e S e N » N e S o R

f\o iflers

Nunpber of cells
or pgarallel strings
in sgries

(seq note 1)

ght

o

(refgr to table 3)

Letter denoting Symbol’separating the length/width a
elecfrochemical system h€ight cqd

Integex ofN{he meter expressed in millimetres

ee _notex3) wf the>cylindrical envelope encompassing the
Cod otin é\ R 2 Wwm fand dimensions of the surface from whigh
(P ZXnon-rqupd) th minals first emerge

N R

~~—"
NOTE 1 |The number'of c i \ IleNs nopidentified.
NOTE 2 Modifiers i xample specific terminal arrangement, load and furthpr special
character|stics.
NOTE 3 |In case the/heigl S i inated in tenths of a millimetre, the letter code shown in|table A.7

applies.
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Maximum height
in millimetres (integer)

Decimal part of height
mm

Code

NOTE The tenths of a millimetre code is only

EXAMPLE

6P222/]

height of

\mbiguit@

A.2.3 4

In the
encomp

U,0
0,1
0,2
0,3
0,4
0,5
0,6
0,7

0 _S)

s in parallel of the zinc-am
de system, connected in series

monium
. with a

imum width of 113 mm, and a mlaximum

of the

eight, the second one will be designated with the same
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Table A.8 — Physical designation and dimensions of round cells and batteries 1)
based on clause A.2 of the designation system (nomenclature)
Physical Nominal cell dimensions Maximum battery dimension
designation mm mm
(new system) - - - -
Diameter Height Diameter Height
R772 - - 7,9 7,2
R1025 - - 10,0 2,5
R1216 - - 12,5 1,6
R1220 - - 12,5 2,0
R1225 - - 12,5 2,5
R1616 - - 16 0 16
R1620 — — 16,0 2,0
R2012 — — 20,0
R2016 - - 20,
R2020 -
R2025 -
R2032 —
R2320 —
R2325 —
R2330 -
R2354 -
R2420 -
R2425 —
R2430 —
R2450 —
R3032 -
R11108
2R13252 —
R12A604
R14250 Q
R1733 -
R17450 - 17,0 45,0
1) The complete %&QSI(N \bqtter Mven in IEC 60086-2 and 60086-3.
'Iable ] aI sighation and dimensions of non-round batteries based
of the designation system (nomenclature) 1)
>hyS| Maximum battery dimensions
d€5|gnatlon DeS|gnat|on mm
(ndw system) (temporary) - -
Length Width Height
2P3845 2R5 34,0 17,0 45,0
2P4036 R-P2 35,0 19,5 36,0

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

NOTE 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.
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Annex B
(normative)

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

The greatest satisfaction to the user of primary batteries results from a combination of good
practices during manufacture, distribution and use.

The pulpose of this code is to describe these good practices in genefal te d, more
specificplly, to warn against procedures known from experience to kes the
form of pdvice to battery manufacturers, distributors and users.

B.1 Packaging

The padkaging shall be adequate to avoid mechanical dama Ny , Jing and
stacking. S p ment of

B.2 Ti

rown off
below.

Shock 4
trucks,
Protecti

B.3 S

The sto

For normal storage, 4 Z exceed
+30 °C idi 5% and below 40 % relative humidity) for sdistained
periods . ey are detrimental to both batteries and pag¢kaging.
Batterie g stored next to radiators or boilers nor in direct sunligpt.

Althoug ge_life\of batteries at room temperature is good, storage is improved
at lower ) +g. in cold rooms =10 °C to +10 °C or in deep-freeze conditior|s below
—10 °C)|, providi C|al precautions are taken. The batteries shall be enclosed in| special
protectiye packagi (such as sealed plastic bags or variants) which should be retained to
protect them from condensation during the time they are warming to ambient temperature.
Accelerated warming is harmful.

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.

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.
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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.

B.4 Displays at sales points

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

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

The batfery manufacturer should provide sufficient information to enable\th i Jo select
the correct battery for the user's application. This is especially impg lying the
first batferies for newly purchased equipment.

Test meters do not provide reliable comparison of the s m good
batterief of different grades and manufacture. They do, haoy S.

B.5 Selection, use and disposal

B.5.1 Purchase

The corfect size and grade of battery mx ita Qr the ded use should be punchased.
Many mlanufacturers supply more than one gr de ttery in any given size. Informpation on
the graIe most suited to the applicatjon ailable at the sales point and on the
equipment.

In the € @qui I e of battery of a particular brand is not ayailable,
the I1EQ i em and size enables an alternativg to be

selected. This d on the battery label. The battery| should
also cleprly indica de mark of the manufacturer or supplier, the date
of mandfacture, whigh s y r the expiration of a guarantee period, in dlear, as

well as e batteries, part of this information may bg on the
packagi
B.5.2 |
Before i into the battery compartment of the equipment, the contactg of both

rieS should be checked for cleanliness and correct positigning. If
a damp cloth and dry before inserting.

equipmént and batt
necessgry, clean wijt

It is of extreme importance that batteries are inserted correcily 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.

B.5.3 Use

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

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

B.5.4 Replacement

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

B.5.5 Disposal

Primary| batteries may be disposed of via the communal refuse ementsy, proyided no
contrary local legal requirements exist.
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Annex C
(normative)

Equipment design

C.1 Technical liaison

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

into accjount at design inception. Whenever possible, the battery type selgcted>should be one
included in IEC 60086-2. The equipment should be permanently ith~the IEC
designation, grade and size of battery which will give optimum perfo

C.2 Battery compartment

Battery compartments should be easily accessible. Desig ) enis so\that battdries are
easily inserted and do not fall out. The dimensions a ign tontacts
should rticular,
the equ ben if a
nationa

The de battery
terminal.

Equipment intended for ugsé™g i tamper-
proof.

Clearly |indicate the t 1 N he correct polarity alignment and direcfions for
insertiof.

Use the| shape angio

compar{ment de

[ the positive (+) and negative (=) battery terminals in
éverse connection of batteries. Positive (+) andr;[’egative

(=) batt 2 b pe visibly different in form to avoid confusion when inserting
batteries.

Battery \ Id be electrically insulated from the electric circuit and pgsitioned
so as t inimize possible damage and/or risk of injury. Only the battery terminalg should

physically contact\the lectric circuit. Care should be taken in the choice of materials|and the
design pféeontacts to0 ensure that effective electrical contact is made and maintained under
conditiors—ef—udse—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 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 4
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 shall 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.

C.3 Vpltage cut-off

In orden to prevent leakage resulting from a battery being driven ig
voltage [cut-off shall not be below the battery manufacturers' recg

&

ersg, the eguipment
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Annex D
(normative)

Calculation method for the specified value of minimum average duration

a) Prepare minimum 10 weeks' data of duration values which are randomly selected.
b) Calculate average x of duration values x of nine samples from each population.

Remark: If some values are out of 3 o of that population, eliminate these values from the
calcplation of x

c) Caldulate the average X of the above average values x of each p ation and also o,.

d) Minimum average duration value to be provided by each countr

B: X

Calculate both A and B; define the larger valu its minimum pverage

@@
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Annex E
(normative)

Guidelines for the standardization of batteries

2000(E)

a) Cells and batteries shall meet the following requirements to justify their initial inclusion or
on-going retention in the IEC 60086 series:

b)

1) The battery is in mass production.

2) The battery is available in several market places of the world.

3)

4)

Nec
batt

1)
2)
3)
4)
5)

he battery is produced currently by at least two independent| manufactur

nder their company label.

ssary items to include in any new work prop
ry:

onformance statement to item a) above.
esignation and electrochemic ste
imensions (including drawings

ischarge conditions.

linimum average duration(s).

&
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Annex F
(informative)

Preferred dimensions for primary batteries

The use of the dimensional matrix is a recommendation only and will never become

compulsory.

Nevertheless, a voluntary use of these recommended preferred dimensions would help to cut

down on a further proliferation of dimensions and would help to avoid overla
dimensipnal tolerances.

The dinmensional matrix covers a range starting at 0,1 mm and end\
steps ofl approximately 10 % (9,7 %, 10,1 % and 10,7 %, see tafle
classes|of tolerance, namely -1,0 %, -2,5 %, -5,0 %, and —-7,5
same nmaximum dimensions. The preferred series for hej
mathematically labelled to ease further data processing

The dimensional matrix complies with the principle
be observed according to the ISO/IEC Direc
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